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Over the last number of decades, treatment outcomes from cancer 

care have improved dramatically. However, these improvements 

have mostly benefitted younger patients, or relatively robust older 

adults, rather than the entire older patient population.   It is well 

known that the evidence base surrounding oncologic management 

is mostly extrapolated from a younger patient cohort, or those 

patients who are considered fit, rather than vulnerable or frail.  This 

is despite the fact that the majority of cancers occur in older people, 

and there is considerable heterogeneity in terms of health in old 

age. 

Given the predicted demographic changes in many countries, there 

has been an increased focus on how to more optimally manage 

older adults with cancer.  Since these patients are currently the 

majority of patients affected by cancer, this area of research might 

well be considered to be long overdue. 

This doctoral thesis was designed to (i) standardise the 

identification, assessment and reporting of frailty in older adults with 

cancer, (ii) evaluate this standardised approach in a radiation 

oncology patient population and (iii) examine survivorship data from 

The Irish LongituDinal study on Ageing (TILDA) in older to better 

elucidate the impact of frailty in follow-up care. 

The thesis comprises seven chapters. The first chapter discussed 

the background to the thesis and outlined the research aims and 

objectives. The second chapter provided a literature review of the 

field, covering: (i) frailty and ageing, (ii) frailty and cancer and (iii) 

the role of geriatric assessment (GA) in cancer care, with a 

particular emphasis on existing research gaps.  The review 

concluded that some research on the optimal method of assessing 

older adults with cancer has been published, with regard to better 

integration of geriatric medicine methods. However, many different 

methods of assessment and frailty screening tools have been 

employed across different studies, making it difficult to compare the 
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literature. In addition, a limited amount of research has occurred 

identifying the impact of these assessment methods in clinical 

practice, especially in radiation oncology.  

The third chapter aimed to address one of these research gaps, and 

used the Delphi methodology to gain consensus on the optimal 

method of GA for older adults with cancer.  The Delphi method 

attempts to achieve a convergence of opinion among experts on a 

specific topic, over a series of rounds or iterations, using a facilitated 

group approach.  A national and international expert panel was 

identified to take part in this study. 

The fourth chapter investigated the clinical implementation of a 

consensus-driven approach to GA, using the minimum dataset 

proceeding from the Delphi method in Chapter 3.  This study took 

place in in Saint Luke’s Radiation Oncology Network at St. James’s 

Hospital, Dublin.  This study evaluated the feasibility and 

acceptability of a randomised controlled trial investigating the 

implementation of GA in radiation oncology. 

The remaining chapters examined the longitudinal impact of a 

cancer diagnosis on older adults, in terms of relevant frailty 

indicators. The fifth chapter aimed to investigate to what extent 

community-dwelling older adults with cancer differ from their non-

cancer counterparts.  Building on the findings of previous chapters, 

it sought to compare cancer survivors to their non-cancer controls, 

in relation to physical, cognitive, psychological and social health and 

wellbeing, using data from The Irish LongituDinal Study on Ageing 

(TILDA).  

The sixth chapter aimed to investigate to what extent older adults with 

cancer in the community differ from their non-cancer community 

dwelling counterparts in relation to frailty.  Frailty was defined using 

three commonly used indices, and the prevalence of each type 

compared.   
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The final (seventh) chapter considered the relevance of the research 

data developed in this thesis, with an emphasis on original 

contributions to the research field and their implications for clinical 

practice and health policy.  Also, recommendations for future 

research were made, arising from the research findings and 

limitations encountered throughout the course of this research, as 

well as new areas that have emerged as research priorities since the 

commencement of this PhD. 
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 33  

  

1 Introduction 

1.1 Ageing Demographics and Cancer 

Ireland, like many countries worldwide is in the early stages of a 

major demographic shift, stemming from the so-called “baby 

boomers” coming of age.  In Ireland alone, excluding non-melanoma 

skin cancer (NMSC), the number of cancer cases are expected to 

increase by 81% for females and 108% for males between 2010 and 

2040 [1].   This change is also mirrored worldwide [2-4].  The 

European Statistical Office (EUROSTAT) figures predict an 

estimated increase in those aged 65 and older in the coming years, 

and an approximate doubling of those aged 80 and older i.e. the 

“oldest old” [5].  It is very timely to consider the impact of this 

projected change, not only on the oncology infrastructure required to 

effectively manage additional patients, but also the demands of an 

ageing population and the health service planning changes that may 

be required to respond to their needs. 

There is no widely accepted definition of an “older” or “elderly” 

person. The United Nations has used 60+ years as a cutoff to define 

old age; however many developed countries now accept 65+ years 

as a more suitable definition of old age [6]. This coincides with 

retirement age in many countries, however, we know that this is 

changing, and some countries are raising the age of retirement [7] .  

Many organisations now consider 70 to be a truer reflection of old 

age in most developed countries [8].   
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1.2 Current Management of Older Adults with 
Cancer 

Older patients in Ireland are less likely to undergo treatment for their 

cancer [9], and often present at a later stage, commonly with a 

presentation at the emergency department [10].  This pattern of 

undertreatment has also been reported in other countries [11, 12].  

As a result, older patients have had poorer outcomes, and this is 

something that needs to be investigated in order to provide better 

care.   

Taking the most commonly diagnosed cancer in men, prostate 

cancer, as an example, one study found that in locally advanced 

disease, the likelihood of patients receiving radical treatment was 

more than halved with every 10 year age increase [13]. Another study 

examined the receipt of definitive treatments, including radiotherapy, 

in intermediate and high-risk older patients with prostate cancer [14].  

Among all patients assessed, 92% of intermediate-risk and 87% of 

high-risk patients received definitive treatment. Age stratification 

revealed 83% aged 75-79 and only 63% aged ≥80 intermediate-risk 

patients received definitive therapy, while 81% aged 70-75 and 55% 

aged ≥80 high-risk patients underwent definitive treatment.  An Irish 

study has demonstrated that age is the main factor in receiving active 

treatment in older adults, rather than comorbidities, tumour stage and 

burden [15].  

Another common cancer in older people is head and neck cancer.  A 

large retrospective analysis of 14,909 oropharyngeal cancer cases 

from the Surveillance, Epidemiology, and End Results (SEER) 

programme assessed the extent of under treatment. Data were 

categorised by treatment modality, including radiotherapy and age. 

Their results found that as age increased, the proportion of patients 

who did not receive any treatment significantly increased, whereas 
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the number of patients who received a combined treatment approach 

also significantly decreased [16]. In fact, only approximately half of 

older patients with head and neck cancer were treated in accordance 

with standard treatment guidelines and institutional protocols [17]. 

Likewise for lung cancer, another common cancer in older adults, 

patients over 70 years of age account for approximately 47% of lung 

cancer patients, and have been shown to be less likely to receive 

curative treatment options, such as surgery and radiotherapy [18].  

The reasons for the lack of adherence to guidelines are unclear, and 

may well be related to disease and patient characteristics.  However, 

better clarification and rationalisation of these treatment decisions in 

older adults is needed.  

1.3 Lack of an Evidence Base to Inform 
Clinical Decision Making 

It is a significant problem for evidence-based geriatric oncology, that 

older adults are under-represented in clinical trials [19-22], despite 

the incidence of cancer in this age group, estimated to be 60% of all 

cancer cases [23].  Although approximately 60% of new cancer cases 

occur in older people, they comprise only a quarter of participants in 

cancer clinical trials [24]. 

Clinically, patients will present with variable co-morbidities, 

performance status, frailty and physiological age [25-27].  

Characterising the heterogeneity of the older cancer patient cohort, 

and their ability to tolerate oncologic treatment, is extremely difficult 

without the aid of clinical trial information to guide clinicians.  

Although survival (overall/progression-free) is recognised as the 

most valuable outcome of any clinical trial, questions have been 

raised regarding its significance in older patients, particularly due to 

patient comorbidities which are likely to be a contributing factor to 
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patient death. A workshop held by the European Organisation for 

Research and Treatment of Cancer (EORTC) in 2011 [28] explored 

methods of improving clinical design and suggested looking at 

alternative endpoints, such as quality of life (QoL), toxicity and 

functional independence. Reporting disease-specific survival, rather 

than overall survival, could also be useful when evaluating treatments 

for this patient group as it would indicate the number of patients who 

actually died as a result of their cancer versus other chronic 

conditions.  Overall treatment utility (OTU) is a composite outcome 

measure, developed within the FOCUS2 trial [29] of frail older 

patients with colorectal cancer, treated with chemotherapy.  It 

combines both objective and subjective items i.e. clinical/radiological 

response to treatment, toxicity, adverse events and, importantly, 

patient-reported acceptability of treatment.  This novel composite 

measure was devised to reflect whether, from the viewpoint of both 

the patient and the clinician, the treatment had been worthwhile.  

OTU proved a useful outcome measure in the FOCUS2 trial, in the 

comparison of treatment groups.  

Clinical trial inclusion criteria are an area of much debate. Traditional 

exclusion criteria based on age, performance status and stringent 

organ function restrictions have been unhelpful in adding to the 

evidence base for the management of older patients with cancer [30]. 

Thus, selection of more appropriate endpoints is also important in 

“geriatricizing” trial design [31-33].  This has been highlighted by Nipp 

et al [34], who described the need for pragmatic clinical trials for older 

adults with cancer.  Whereas randomised controlled trials (RCTs) 

reflect patient outcomes under ideal conditions, there is a large 

unmet need to investigate older patient outcomes under more 

realistic conditions i.e. varying degrees of fitness and frailty. In 

particular, there is limited evidence from clinical trials regarding the 

toxicity experienced by older patients undergoing radiotherapy, or the 
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predictive power of comprehensive geriatric assessment (CGA) in 

linking toxicity to frailty.   

1.4 Emergence of Geriatric Oncology as a 
Discipline 

Geriatric oncology, as a discipline, does not exist in Ireland at the 

present time.  Many international models of geriatric oncology exist 

[35-37], however implementation has been slow due to many factors, 

such as the lack of consensus as to what should be assessed in 

oncology, and access to geriatric medicine expertise. An important 

factor is the time required for proper assessment of older patients, 

and access to rehabilitation/follow-up care in order to address 

identified problems [38, 39].Therefore CGA has yet to be fully 

integrated into oncology, and the optimal format for the assessment 

to be clarified, as highlighted in a systematic review by Puts et al [40]. 

Many oncology healthcare professionals feel ill-equipped to deal with 

these projected demographic changes.  Despite the fact that the 

majority of cancer patients are in older age groups, most oncologists 

receive little training in the specialised care of older patients [41].  

When an older patient presents to oncology, they are often 

segregated from their co-existing geriatric care, as the oncology and 

geriatric medicine disciplines often work in isolation, with little 

collaboration about patients.   

One major challenge is that there is a notable shortage of 

geriatricians worldwide [42].  Traditionally the education of healthcare 

practitioners has largely taken place in isolation from one another. 

Recent focus in policy documents on measures to improve the quality 

of healthcare has resulted in a need to adequately prepare qualified 

health professionals to work together in a more collaborative manner 

[43, 44].  In radiation oncology, this would place the onus on the 
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radiation oncologist, nursing colleagues, allied health professionals 

and radiation therapists to expand their role and undertake CGA as 

part of their formal evaluation of their patients. 

1.5 Study Rationale and Thesis Scope 

A review of the literature has shown little research on the role of CGA 

in oncology, more so in radiation oncology, however there are 

numerous calls for its implementation, given the known demographic 

changes predicted for the coming decades.  Currently, there is little 

appreciation of the prevalence or role of frailty in predicting outcomes 

for older adults with cancer.  One major obstacle at the current time 

is the lack of standardisation in relation to frailty assessment in 

oncology. 

1.6 Overall Aim and Objectives of Thesis 

This thesis arose from an interest in the reported inequities in the 

provision of cancer care for older adults, and potential ways to 

address these in clinical practice.   

The overall research aim of this thesis is to measure CGA deficits 

and frailty in an Irish (hospital and community) population with cancer 

and to study feasibility of CGA in a radiation oncology clinic.  This 

information is important from a health services perspective, as it 

provides an important baseline for monitoring implementation of 

policy in relation to geriatric oncology in Ireland. 

This aim was achieved through three main approaches.  The first was 

to use consensus-based methods to inform the design of a geriatric 

assessment (GA) for oncology practice.  The second was to 

undertake a pilot study of this assessment in a clinical setting, while 

the third investigated the long-term impact of cancer and its 
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treatment, using information from The Irish Longitudinal Study on 

Ageing (TILDA).  

Chapter 3: A Delphi Consensus Study of Geriatric Assessment 
in Oncology 

The overall aim of this study was to obtain consensus on aspects of 

CGA in oncology to inform the implementation of an Irish geriatric 

oncology programme, which would be transferable to other countries 

and healthcare systems. 

The specific objectives of Study 1 were: 

1. To determine current practice in relation to CGA in oncology. 

2. To establish consensus among a group of Irish Oncologists, 

with guidance from international experts, in relation to the 

optimal GA methodology for oncology clinical practice. 

Chapter 4:  Managing the Elderly in Radiotherapy using Geriatric 
AssEssment (MERGE): A Pilot Geriatric Oncology Clinic at Saint 
Luke’s Radiation Oncology Network (SLRON) 

Part 1 

The primary aim of this feasibility study and two-arm, randomised 

pilot trial was to assess the feasibility of conducting an RCT on the 

effectiveness of conducting CGA in older patients undergoing 

radiotherapy. 

The specific objectives were:  
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1) To examine feasibility outcomes, such as recruitment, time 

and resources, as well as patient completion of study 

obligations. 

2) To describe a process designed to assist researchers in 

making the best use of the findings from this feasibility study 

to inform subsequent decisions regarding a follow-on trial. 

3) To make recommendations on the resources required in 

order to implement these management recommendations. 

Part 2 

The secondary aim was to obtain preliminary data on the prevalence 

of geriatric impairments in an older patient population undergoing 

radiotherapy treatment and the efficacy of CGA-driven interventions 

on patient outcomes (acute radiation-induced toxicity and treatment 

compliance). 

The specific objectives were: 

1) To examine the clinical characteristics of older patients 

with   cancer, as part of an initial CGA in the radiotherapy 

department at Saint Luke’s Radiation Oncology Network, at 

St. James’s Hospital. 

2) To evaluate the results of patient CGA and identify 

deficits in various assessment domains, such as physical 

function, comorbidity, polypharmacy, nutrition, cognition and 

psychological status. 

3) To examine interventions and patterns of referral and 

subsequent management recommendations for this patient 

population during this timeframe. 
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Chapter 5:  TILDA Study I 

The aim of this study was to investigate to what extent older adults 

with cancer in the community differ from their non-cancer community 

dwelling counterparts in relation to key domains of CGA, as 

determined in the previous chapters. 

The study objectives were: 

1.  To compare cancer survivors to their non-cancer controls, in 

relation to key aspects of health and wellbeing. 

2.  To investigate the longitudinal impact of a cancer diagnosis on the 

overall health and wellbeing of older adults with cancer living in the 

community across three timepoints: before diagnosis, during the 

diagnostic/treatment phase, and during the follow-up period. 

3.  To identify the impact of a cancer diagnosis on the quality of life 

of cancer survivors. 

Chapter 6: TILDA Study II 

The aim of the present study was to investigate to what extent older 

adults with cancer in the community differ from their non-cancer 

community dwelling counterparts in relation to frailty. 

The study objectives were: 

1. Define frailty using three commonly used indices, from TILDA 

data, and compare the prevalence of each type. 
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2. Describe the prevalence of frailty in community dwelling 

people with cancer and compare it to those without a cancer 

diagnosis. 

3. Investigate the impact of a cancer diagnosis on the 

longitudinal development of frailty.
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2 Literature Review 

2.1 Frailty, Ageing and Cancer 

Frailty forms the basis for the practice of geriatric medicine, but 

remains poorly appreciated in other aspects of medicine, such as 

oncology.  It has been defined in the gerontology literature as a 

consequence of (usually) age-related decline in many physiological 

systems, resulting in a reduced reserve capacity and increased 

vulnerability to stressors [45, 46].  This vulnerability is related to an 

inability to maintain homeostasis in the face of a physiological threat 

e.g. infection, illness and trauma.  

In terms of aetiology, frailty and cancer share common risk factors, 

such as smoking [47], sedentary lifestyle [48], malnutrition and 

obesity [49].  Recent research efforts have focussed on quantifying 

the acceleration of frailty that is now known to occur due to cancer 

and its treatment [50-52].  Accumulation of cellular damage and 

system dysregulation are common features of both ageing and 

cancer [51-54].  Long-term follow-up of paediatric and young adult 

cancer survivors have shown earlier onset of age-related concerns, 

such as multimorbidity, frailty and functional decline [55-57].  The 

prevalence of frailty was demonstrated to be similar between younger 

cancer survivors and adults aged 65 years and older without a 

diagnosis of cancer [57, 58].  It is thought that aging, and diseases 

such as cancer, represent different courses, with a common 

underlying cellular mechanism, which is also influenced by genetics 

and the environment [59].  This helps in part to explain the 

considerable differences seen in ageing phenotypes observed in 

older people e.g. one 70 year old may be frail and use a walking aid, 

while another may run marathons.  Frailty has been associated with 
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increased mortality in older adults with cancer [60], however the 

definition of frailty in many studies has been heterogeneous [61].   

2.2 Frailty Screening Versus Assessment 

There has been a proliferation of frailty assessment tools in both 

geriatric medicine and in oncology in the past number of years.  Many 

of these lack validation, however [62].  The gold standard in terms of 

clinical assessment remains the Comprehensive Geriatric 

Assessment (CGA).  CGA is noted to be time consuming and 

requires specialist training, and therefore frailty screening is 

considered a more feasible option, or a first step in identifying those 

who require CGA and associated interventions. 

2.2.1 Frailty Screening 

Two schools of thought predominate in the gerontology literature, the 

phenotype of frailty defined by Fried [63], from the Cardiovascular 

Health Study (CHS), and Rockwood’s clinical frailty criteria [64], 

based on cumulative deficits on various CGA domains.   

The frailty model established by Fried and colleagues, in the 

Cardiovascular Health Study (CHS) study, which studied over 5,000 

men and women over the age of 65, is relatively short and easy to 

use.  It focuses on physical frailty, and is assessed using five different 

components i.e. unintended weight loss, weak grip strength, 

exhaustion, low physical activity and slow gait speed [63].  People 

are categorized as robust if no deficits are identified, prefrail if only 1-

2 deficits are present, and as frail if there are 3 or more.    

There is a moderate degree of correlation between the Fried and 

Rockwood models [65], however Rockwood’s frailty index (FI) has 
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been deemed more useful in a clinical setting, as it also 

encompasses cognitive, psychological and social factors, which the 

Fried model does not (see Figure 2.1 below).  It is widely known that 

that these socio-environmental determinants of health are vital in 

overall health and wellbeing.  The FI was based on the results of a 

five-year prospective cohort study of over 10,000 people over the age 

of 65.  In the original FI, 92 individual deficits from a wide range of 

domains, were identified to collectively define frailty [66].  

Subsequent work has reduced the number of FI items required to 

predict frailty from 92 to 30 or so, with no subsequent loss of validity 

[67, 68].  With a greater number of deficits required to define frailty, 

the FI is considered to have more in-built redundancy than the 

phenotypic model i.e. no individual deficit carries a great threat of 

adverse outcomes. 

 

Figure 2.1 The cumulative deficit model of frailty [62]   
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One way to conceptualise the difference between these two models, 

is the famous Golden Gate bridge in San Francisco.  A recent review 

[69] has described the phenotypic model as being equivalent to the 

major structural components of the bridge i.e. the towers or horizontal 

cables, as seen in Figure 2.2  Loss of even one of these towers would 

introduce greater instability, while three or more might be detrimental 

to its existence.  Using the FI, or stochastic frailty model, on the other 

hand, is equivalent to looking at the multiple vertical cables in the 

bridge.  Loss of one of these cables will not threaten the structural 

strength of the bridge in any way, however the accumulation of 

numerous insults over time might cause a greater threat to the 

bridge’s integrity, and eventually lead to its collapse.  Resilience on 

the other hand is a measure of the bridge’s ability to withstand 

expected stressors e.g. wind, traffic and water.    The Golden Gate 

bridge is well designed to expect and deal with these stressors, 

however, unexpected adverse conditions, such as storms, combined 

with heavy traffic and accumulation of damage over time in the form 

of the loss of vertical cables, might represent a tipping point, beyond 

which collapse is inevitable. 

Human frailty can be envisaged in much the same way.  Under 

normal conditions, the human body is able to withstand a certain 

amount of physiological decline, without any great impact on its day-

to-day function.  However, when a major physiological stressor is 

introduced, such as a major illness like cancer, and ensuing 

treatment, this might destabilize an apparently well-functioning 

individual and lead to a loss of resilience in the face of this 

physiological threat. 

With regard to the phenotype of frailty, and the association with 

weight, an emerging phenomenon, in the era of higher obesity rates, 

is the relationship between loss of muscle mass and obesity, rather 
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than weight loss [70].  Age-related loss of muscle mass and strength, 

known as sarcopenia, is often used as a surrogate measure of frailty 

[71, 72].  It has been defined as “a syndrome characterised by 

progressive and generalised loss of skeletal muscle mass and 

strength with a risk of adverse outcomes such as physical disability, 

poor QoL and death” [70].  Skeletal muscle wasting is a phenomenon 

that may be obscured within the bulk of body weight as patient’s age, 

and this is known as sarcopenic obesity [73].   

 

Figure 2.2 The Golden Gate Bridge as a visual metaphor for the 
phenotypic and frailty index models of frailty [69] 

There are several biomarkers associated with frailty, including 

cytokines and chemokines, e.g. Interleukin-6 (IL-6), insulin-like 

growth factor 1, as well as low levels of leptin and abnormal white 

blood cell counts [74].  

The important thing to note in relation to the clinical presentation of 

frailty, is that compared to disability, frailty is potentially reversible, 

when managed effectively and appropriate interventions put in place 

to deal with deficits identified [75, 76].  This has the potential to 
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prevent falls, hospitalisation, nursing home placement and other 

important QoL indicators [77]. 

In oncology, rather than performing a CGA for all older patients, a 

two-step approach has been recommended by the National 

Comprehensive Cancer Network (NCCN) [78] and the International 

Society of Geriatric Oncology (SIOG) [79, 80], the National 

Comprehensive Cancer Network  and European Organisation for 

Research and Treatment of Cancer (EORTC) [81].  This involves the 

use of a short screening tool to identify those who would benefit from 

a full CGA, followed by administration of the CGA to this subgroup.   

One of the most acceptable screening methods in the oncology 

literature is the Geriatric-8 or G8 [82].  Use of a screening tool, such 

as the G8, enables healthcare professionals to use (scarce) 

resources more efficiently while ensuring that patients still receive 

optimum care. The G8 was the first screening tool devised 

specifically for oncology, and has been validated in the ONCODAGE 

study of patients with cancer [83].  It has been demonstrated to have 

high sensitivity (65%-92%) and acceptable specificity [84], and only 

takes approximately 4 minutes to complete.  Poor performance on 

the G8 is associated with poorer one year survival [83].   A more 

recent systematic review of the G8, incorporating 46 studies, on the 

performance of the G8 have also found an association with survival 

and treatment-related complications [85].  A further development is a 

self-report version of the G8, with a preliminary analysis 

demonstrating good concordance with the original G8 [86]. 
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2.3 Comprehensive Geriatric Assessment 
(CGA) 

The gold standard for frailty assessment is the CGA.  CGA is a 

multidimensional, interdisciplinary assessment that includes 

functional status, comorbidity, cognition, psychological status, 

nutrition, social support and polypharmacy, amongst others [87].  It 

is based on the assessment of accumulation of deficits, as mentioned 

previously.  This assessment can provide a broader overall 

understanding of individual characteristics that affect life expectancy, 

functional decline, cognition and patient’s own wishes, as well as how 

oncologic treatment might affect them [88].  Many variations in CGA 

exist, but it is thought that the core domains include physical 

(comorbidity, mobility, nutrition), psychological (cognition and mood), 

functional status and social assessments [89]. These domains are 

interrelated e.g. depressive symptoms may exacerbate lack of 

appetite and malnutrition, as well as social isolation, lack of physical 

activity, eventually leading to the development of frailty. 

One of the first meta-analyses to demonstrate the benefits of CGA 

was published in 1993 [90], showing improvements in a range of 

outcomes, from improved functional status, reduced hospitalisations, 

greater independence and ability to live at home for longer.  Several 

other studies have further supported these benefits [91, 92], including 

an updated Cochrane review [93]. 

2.3.1 Cognition 

As an example, cognitive assessment is one of the key components 

of a CGA, and determines a patient’s ability to provide informed 

consent, as well as their suitability for treatment.  Most research in 

this area, in oncology, has been conducted in patients with breast 
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cancer receiving chemotherapy, with or without hormone therapy [94, 

95].  However, recent studies have also established a tentative link 

between Androgen Deprivation Therapy (ADT) for prostate cancer 

and Alzheimer’s disease [96, 97].  Testosterone is known to have 

protective effects on cognition, by promoting hippocampal synaptic 

plasticity and regulating the accumulation of amyloid proteins [98].  

Importantly, declining muscle mass, caused by depletion of 

testosterone is also linked to frailty [99].  This is an important 

consideration for men with prostate cancer who are prescribed ADT. 

Another emerging challenge for oncologists is treating patients with 

cognitive impairment.  The prevalence of dementia increases 

exponentially with age, nearly doubling every five years from the age 

of sixty five [100], with almost half of those in the oldest old category 

i.e. aged 80 years and over, having a diagnosis of dementia [101]. 

The probability of being diagnosed with cancer also increases with 

age, enhancing the probability of co-occurrence of both dementia and 

cancer [102].  A basic assumption of informed consent for treatment 

is that patients have capacity. Undiagnosed dementia is very 

prevalent in the published literature in the acute hospital setting, 

ranging from 20% to 50% [103, 104], and is expected to increase in 

the coming years [101]. Early diagnosis of cognitive impairment is 

important in order to implement earlier treatment and effective 

management.  However, oncologists often feel unable to manage or 

diagnose cognitive impairment [41].   

2.3.2 Functional Status 

Functional status can be measured subjectively or objectively.  In 

oncology, function is usually assessed using either the Eastern 

Cooperative Oncology Group (ECOG) [105] or Karnofsky 

Performance Status (KPS) scales [106].  This would appear relatively 



 

Chapter 2  

 

 

 52  

  

one dimensional to a geriatrician, who would consider such objective 

measures as gait speed, balance, grip strength and lower extremity 

strength, as these are more predictive of patient outcomes [107].  In 

particular, gait speed has been shown to be a significant predictor of 

mortality across numerous studies [108], a simple assessment, but 

with much more predictive value.   

Subjective measures, such as Activities of Daily Living (ADLs) and 

Instrumental Activities of Daily Living (IADLs), provide information on 

the person’s ability to perform basic activities related to self-care, or 

the ability to function independently in their communities.  ADLs were 

originally devised by Katz et al, as “activities which people perform 

habitually and universally” [109].  The corresponding IADL scale is 

derived from a set of validated questions developed by Lawton and 

Brody [110].  Some of the latter may not be applicable to all 

individuals e.g. if they were never accustomed to doing housework, 

or preparing food, then those functions are not taken into account. 

Many of these measures are known to exhibit floor and ceiling effects 

[111]. Ceiling effects (when most participants score the maximum 

achievable score on a test because the test is unable to distinguish 

between individuals at the higher score range) are often observed in 

younger, healthier cancer survivors, while floor effects (when 

participants typically score the lowest achievable score on a test, 

because the test is unable to distinguish those at the lower range) 

typically occur in older, frailer patients.  Therefore, a combination of 

subjective and objective measures is advocated. 

The individual components of each are listed in Figure 2.3. 
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Figure 2.3 Components of Activities of Daily Living (ADLs) and 
Instrumental Activities of Daily Living (IADLs) 

Mohile et al [112], in a study of  more than 900 patients with prostate 

cancer undergoing radiotherapy, found no difference in symptom 

burden in older patients, but older patients were more likely to report 

that symptoms interfered with walking after radiotherapy.  Again, this 

underlines the importance of assessing functional status in patients 

with cancer, and ensuring optimisation of mobility both during and 

after treatment, in order to prevent further decline.  Such decline 

could increase the risk of falls, which, in conjunction with ADT, 

contributes another risk factor [113].  

2.3.3 Falls  

A fall can have various interpretations, however, a common definition 

from the American and British Geriatrics Society is: “an unexpected 

event in which the participant comes to rest on the ground, floor or 

lower level without known loss of consciousness” [114]. Research 

has demonstrated that older people with cancer, have a 15-20% 

ADLs

•Dressing
•Ambulating
•Bathing
•Eating
•Transferring
•Toileting

IADLs

•Food preparation
•Housekeeping
•Doing laundry
•Shopping for groceries
•Using the telephone
•Managing medications
•Managing finances
•Using transport
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greater risk of falling, with occurrence rates of 30-50% of those aged  

65 years and older, with a cancer diagnosis [115, 116]. However due 

to suboptimal reporting the actual rates may be higher [117].  More 

than one-third of persons, aged 65 and over, fall each year, and in 

half of these cases the falls are recurrent [118]. In hospitals, patient 

falls are common and may lead to adverse outcomes, such as 

physical injury and bruising, fractures and prolonged hospitalisation 

[119, 120]. 

Assessment of falls risk is important in all patients over the age of 65, 

as one in three will experience a fall [121, 122], however it is not 

routinely assessed in oncology.  A comprehensive assessment, such 

as that advocated by the National Institute for Health and Clinical 

Excellence (NICE) guidelines [123] and the British and American 

Geriatrics Societies [114], should be carried out in order to eliminate 

precipitating factors, such as polypharmacy, poor vision, inadequacy 

of the home environment etc.  Certain types of concurrent 

chemotherapy, such as taxols, can exacerbate existing risk factors, 

due to the onset of peripheral neuropathy.  ADT can also increase 

risk, due to its impact on muscle mass in prostate cancer patients 

[124].  Combined with the side-effects of treatment e.g. fatigue, the 

patient, at high risk of falling, is increasingly vulnerable.  Findings 

from a Cochrane Review have demonstrated that clinical assessment 

by healthcare professionals, combined with individualised 

interventions for identified risk factors, reduced falls rate by 24% 

[125]. A risk assessment consists of falls history, medication review, 

physical examination, functional and environmental hazards 

assessments [126]. 
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2.3.4 Comorbidity 

As age increases, so too does the incidence of comorbidity, which is 

associated with poorer overall survival in older adults with cancer 

[127].  A Medicare study showed that over two-thirds of older US 

individuals had two or more medical conditions, and almost a quarter 

had four or more [128].  Older adults with a diagnosis of cancer are 

at greater risk of concurrent medical conditions, compared to their 

age matched counterparts [26].   

Many assessment methods for comorbid illnesses are available, and 

no gold standard exists [127, 129].  One such method is the Charlson 

Comorbidity Index (CCI) [130], which is also commonly used in 

oncology.  The CCI is the most frequently cited index in the published 

literature, and is classified as a weighted index.  Charlson et al 

analysed one year mortality as a function of various comorbidities 

and assigned a weight in relation to their known outcomes.  An age-

weighted version is also available [131], and the CCI is considered 

easy to administer in clinical practice.  

Another approach is to assess the impact of comorbid illnesses on 

the function of body organs and systems [129]. The Cumulative 

Illness Rating Scale (CIRS) classifies comorbidities by organ system 

and rates them according to their severity (0-4) [132].  Miller et al 

[133] subsequently modified the CIRS as a way to better reflect the 

older patient, in the form of the Cumulative Illness Rating Scale for 

Geriatrics (CIRS-G).  Compared to the CCI, the CIRS-G is 

considered more sensitive, as all coexisting comorbid conditions are 

recorded, and it appears to provide more prognostic information [134, 

135].  The CIRS-G has been validated in older patients with cancer 

[136]  . It is, however, more time-consuming than the CCI and 

assessment by specifically trained personnel is recommended. 
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Kaplan–Feinstein Index (KFI) is also a systems based approach, and 

groups conditions into 12 categories, with a severity rating applied for 

each one [137].  The original KFI was modified, by adding several 

health conditions (diabetes, HIV/AIDS, dementia), creating a 

comorbidity index for newly diagnosed patients with cancer, to 

become the Adult Comorbidity Evaluation-27 (ACE-27) index [138].  

The ACE-27 is a validated instrument that captures comorbidities for 

cancer patients and grades severity at the time of diagnosis [139].   In 

total, twenty-seven conditions were identified, based on previous 

research, as well as clinical judgement. 

Comorbid conditions, such as cardiovascular or respiratory disease, 

as well as diabetes and kidney disease, can pose a potential risk to 

cancer-directed treatment, and must be carefully evaluated in terms 

of a risk-benefit analysis, before embarking on a course of treatment 

[127].  Comorbidity also increases the risk of polypharmacy and 

adverse drug reactions [140]. 

2.3.5 Nutrition 

Nutritional status is very important in older adults with cancer.  As an 

example, older patients with head and neck cancer are especially 

susceptible to malnutrition due to anorexia, sequelae of radiotherapy 

treatment that limit food intake (i.e. xerostomia, odynophagia and 

dysphagia) as well as metabolic effects due to the inflammatory 

process (treatment or tumour related) [141, 142]. There is also an 

increased risk of mucositis in older patients, especially evident when 

treating cancer of the head and neck region [143].  Weight loss, the 

main symptom of malnutrition, has independent prognostic value in 

this group of patients [144], therefore supportive care is of the utmost 

importance.  Symptoms of acute bowel toxicity e.g. diarrhoea, 

proctitis, rectal urgency, occur in the majority of patients during 
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treatment of abdominal or pelvic cancers. During radiotherapy, 

patients should receive individual dietary assessment and 

counselling, in order to maintain adequate nutrition during treatment, 

as a basic standard of care. If nutritional requirements cannot be 

achieved by a regular diet, then nutritional supplements and/or 

enteral feeding may be prescribed.  

2.3.6 Social Support 

Lack of social support has been association with frailty and identified 

as a significant predictor of mortality [145]. 

Social support is also important for patients who are required to 

attend daily radiotherapy treatments.  Many may already be in a 

caregiving role, or may require caregivers themselves at some point 

in the future, as a result of cancer, or its treatment.   This is one area 

where the radiotherapy service in particular can facilitate the patient 

and offer greater convenience.  Considering shorter overall treatment 

schedules in radiation therapy may be very helpful in such cases, if 

they provide the appropriate management of course.  One example 

is in the treatment of Glioblastoma Multiforme (GBM).  For patients 

identified as elderly/frail, 25Gy in 5 fractions has been shown to be 

non-inferior to 40Gy in 15 [146], the previous standard of care for 

such cases [147].  A further example is hypofractionation in prostate 

cancer [148] and breast cancer [149]. 

Social isolation and lack of support have been independently 

associated with both a greater risk of developing cancer, as well as 

a higher mortality [150, 151]. 
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2.3.7 Polypharmacy  

Polypharmacy has been defined in a number of ways in the published 

literature.  The most common definition is concurrent prescription of 

five or more medications (excluding supplements), with excessive 

polypharmacy defined as 10 or more medications [152].  Others  have 

used the criteria of potentially inappropriate medications with a high 

risk of adverse outcomes for older adults [153].  As the number of 

comorbid conditions increases, so too does the risk of adverse drug 

interactions (ADRs) from increased polypharmacy [154]. Older adults 

with cancer often experience excessive polypharmacy, and recent 

research efforts have investigated appropriate prescribing and 

providing clinicians with tools to deprescribe, if necessary [155].  

However, it is still problematic that polypharmacy is increasing in 

recent times, and poses an enhanced risk to patients with cancer, 

who may be at greater risk of falling, functional impairment [156], 

fractures [157], hospitalisation [158] and mortality [159], due to 

inappropriate prescribing.  Older patients are already more 

vulnerable to these adverse effects of medication due to differences 

in pharmacokinetics and pharmacodynamics in the older population.   

2.3.8 Psychological Status 

Various studies have looked at the prevalence of depressive 

symptoms in community dwelling older adults, and estimate a range 

of 8% to 16% [160-162], with mild depression being even more 

common, at approximately 23% [163, 164].  For older people 

diagnosed with cancer, the literature varies in terms of prevalence 

from 15 to 31% [165, 166].  This variation is due to differences in 

measurement, type of cancer, age and disease status.  Depressive 

symptoms are linked to healthcare utilisation, with those who are 

depressed 2-3 times more likely to access services [167].  
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Psychological status and frailty are inherently linked [168], and 

depression is also known to affect cognition [169].  Therefore, proper 

assessment and treatment are of the utmost importance. 

2.4 CGA in Oncology 

There are many important factors to consider when deciding on a 

course of cancer treatment for older adults.  SIOG and National 

Comprehensive Cancer Network (NCCN) guidelines for older adults 

advocate the use of CGA is vital in “staging the ageing” i.e. assessing 

physiologic and functional capacity, which in turn has implications for 

being able to predict treatment tolerance and toxicity[170-173].  The 

potential benefits in oncology are many, and include the identification 

of geriatric impairments, even in those with a good performance 

status [136, 174].  CGA can predict toxicity associated with 

chemotherapy in older adults [175] , as well as mortality [176] .  It 

also predicts postoperative morbidity [177, 178]  Reasons put forward 

to date for the lack of integration of CGA into oncology have included 

that it is too time consuming .  However, it could be argued that those 

against the use of CGA,  citing excessive time consumption and 

resource implications, have low credibility in a healthcare setting 

where there are vast amounts of expenditure on high technology for 

imaging and treatment [179].  CGA by comparison is relatively low 

cost, as Hamaker et al [179] have highlighted.  The cost of CGA, 

estimated as a nurse’s salary for one hour ($28), is small compared 

to the cost of dealing with toxicity and treatment complications, and 

subsequent unplanned hospitalisations.  It is also a fraction of the 

cost of other diagnostic procedures e.g. diagnostic images and 

genomic testing, commonly used in oncology. 

When independence is not maintained and poor outcomes occur, 

patients require hospital care. Troubleshooting these issues before 
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they arise by using CGA as part of the diagnostic work-up to 

determine the most appropriate treatment can prevent reliance on 

hospital resources in the long-term. Frail patients are more likely to 

have poor outcomes following surgery, chemotherapy and 

radiotherapy [62]. In an outpatient setting, CGA-based care has 

resulted in fewer hospitalisation days and enhanced survival in 

patients with no associated increase in cost [180].  This not only 

benefits the patient, but also the health care system as a whole. 

CGA also facilitates shared decision-making approaches, as it 

provides a multidimensional view of the patient’s overall health as a 

potential starting point for risk stratification.  Knowledge of current 

functional and cognitive status, in particular, and the ability of 

treatment to cause declines in those domains, is especially important 

to patients, more so than survival [181, 182].   

2.4.1 CGA in Radiation Oncology 

The current literature on the role of CGA in radiation oncology 

treatment is particularly limited.  A total of twelve non-randomised 

studies were included in a systematic review by Szumacher et al 

[183]. Four studies used a screening tool only, while the remaining 

studies used a combined approach of initial screening, followed by 

CGA. Two studies demonstrated a significant association between 

abnormal screening and mortality, while only one study showed that 

CGA influenced treatment decision making.  Half of the studies 

included did not find an association between screening or CGA, and 

treatment tolerance.  It was highlighted that the majority of these 

studies included small sample sizes. 
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2.4.2 The Impact of CGA on Treatment Decision Making in 
Oncology 

The Elderly Cancer Patient (ELCAPA) study, one of the largest 

studies of older cancer patients published to date, identified 

subgroups based on CGA that were predictive of overall outcome, 

hospital admission within 6 months and a fatal outcome within one 

year, highlighting its clinical utility in oncology [184].  When coupled 

with targeted interventions, the benefits of CGA in older patients may 

include prolongation of life, prevention of hospitalisations and 

admissions to long term care facilities, prevention of geriatric 

syndromes, recognition of cognitive deficits, and improvement of 

health status[35].    

CGA provides a broader overall understanding of individual 

characteristics that affect life expectancy [88].  It may be more 

sensitive than physicians’ judgment in classifying patients as “fit” 

versus vulnerable or frail, and in determining the best choice of 

cancer treatment [185].  Figure 2.4 depicts a conceptual model of 

how CGA can be incorporated into oncology assessment and 

treatment.  Fit patients should be candidates for the same treatment 

as their younger counterparts, while frail patients would benefit from 

a more palliative approach.  Vulnerable patients may need to be 

offered a tailored treatment in order to avoid decline during/after 

treatment, or may benefit from a dose adapted approach. 
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Figure 2.4 Conceptual model of how CGA can be integrated into 
oncology 

 

In larger studies by Kenis [186] and Decoster [187] treatment 

modifications were mainly chemotherapy related, and where no CGA 

was carried out, radiotherapy decisions were only altered in 0.4% of 

cases.  Caillet at al [188] also reported similar results, with the most 

common change in treatment decision being a switch from 

chemotherapy to supportive care. Studies similarly suggest that the 

impact of CGA may be limited to patients undergoing more toxic 

treatments, such as chemotherapy and targeted therapy [187, 189].  

Timing is also important. Horgan et al [190] reported that when the 

treatment plan was decided before CGA, it altered the decision in 

only one patient, whereas when the treatment plan was undecided at 

the time of referral, the CGA impacted the final treatment decision in 

83% of cases.  The ideal time for intervention is before discussion of 

the patient case at the multidisciplinary meeting or tumour board, 

before the patient is referred for radiotherapy/chemotherapy or other 

modality.  It should also be stressed that the majority of studies 
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looking at decision making were undertaken in medical oncology, and 

there is a relative lack of information on how CGA may impact 

radiotherapy related decisions. 

Concomitant chemotherapy adds appreciable toxicity in patients 

aged 70 years and over. They experience more frequent 

hospitalisations and a lower rate of feeding tube removal at last 

follow-up or death, as well as worse overall survival [191].  CGA 

offers important support to patients and could aid treatment decisions 

in this patient group, especially related to the role of concomitant 

chemotherapy.  The types of interventions, resulting from CGA 

defined deficits, have been outlined in recent American Society of 

Clinical Oncology (ASCO) guidelines [192] and are summarised in 

Table 2.1 below.  These interventions are suitable for all treatment 

modalities.  
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Table 2.1 CGA-driven interventions in oncology [adapted from ASCO 
guidelines [192]] 

2.4.3 The Impact of CGA on Treatment Decision Making in 
Radiation Oncology 

By comparison to medical oncology, the role of CGA in influencing 

treatment decisions, and in driving interventions for older adults in 

radiation oncology, is unclear [183].  Soubeyran et al [193], are 

currently investigating the relationship between CGA-driven 

interventions and therapeutic outcomes, based on an initial screening 

with the G8, using an RCT design.  Importantly, this study will include 

patients referred for radiation therapy.  Soubeyran and colleagues 

have highlighted that the number of studies (RCTs) investigating 

CGA Domain and 
Associated Deficit 

CGA Driven Interventions  

Functional status  
Instrumental 
activities of daily 
living  
History of falls 

Physiotherapy and/or occupational therapy 
referrals for strength and balance training, home 
safety evaluation, exercise programme 

Comorbidity and 
Polypharmacy  

Involve General Practitioner and/or geriatrician in 
decision making and disease specialists for 
management of comorbidities, review medication 
list and minimise medications as much as is 
feasible, consider pharmacist review, assess 
adherence to medications  

Cognition 
Abnormal score on 
cognitive test 

Assess decision-making capacity and ability to 
consent for treatment, identify healthcare proxy 
and involve proxy in decision making for treatment, 
assess delirium risk and counsel patient and family, 
medication review to minimise medication with a 
high risk of delirium, consider geriatrician referral 

Depression 
Abnormal score on 
depression scale  

Consider referral to 
psychotherapy/psychiatry/psycho-oncology, 
cognitive behavioural therapy, social work 
involvement and pharmacologic treatment 

Nutrition 
Weight loss >10% in 
previous months 

Dietician referral and nutrition counselling, assess 
need for additional support for meal preparation 
and home support interventions e.g. meals-on-
wheels 
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CGA driven interventions in oncology is currently small (n=9), with 

only one study of radiation oncology by Lapid et al [194] from 2007.  

The latter small study (n=33) of newly diagnosed patients with 

advanced cancer, planned to undergo radiation therapy, investigated 

a quality of life intervention with patients randomised to either the 

intervention group or standard care.  The intervention consisted of 

eight sessions, devised to address five QoL/CGA domains, i.e. 

cognitive, physical, emotional, spiritual, and social functioning, and 

found a significant improvement in QoL scores. 

The ongoing multicentre ELAN trial [195] aims to stratify patients 

according to whether or not they are fit or unfit, and select treatment 

accordingly.  Unfit patients will be randomised in the ELAN-RT trial, 

to a hypofractionated split course schedule (30 Gy/10 fractions, with 

a two-week gap for toxicity management, followed by 25Gy/10 

fractions).  This trial could potentially support a change of practice in 

relation to the role of baseline CGA in determining appropriate 

treatment for older adults with head and neck cancer. 

Identification of previously unknown deficits is one of the major 

advantages of frailty screening and accompanying CGA, allowing 

some intervention in order to optimise patient care and potentially to 

reverse frailty.  A limited number of other, non-randomised, studies, 

exist in radiation oncology.  Goineau et al [196], in a study of 100 

patients with localised prostate cancer, aged 75 and older, 

undergoing radiotherapy treatment, found no association between 

CGA and quality of life.  However, they found Instrumental Activities 

of Daily Living (IADL) impairments at baseline in approximately half 

of all patients enrolled in the study, as well as ADL impairments in 

16% of patients.  One fifth of patients presented with cognitive decline 

(defined as MMSE<27), 31% with depressive symptoms and more 

than two-thirds with significant co-morbidities, especially 
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cardiovascular comorbidities, which may obviously affect ADT 

tolerance.  Malnutrition was virtually absent, suggesting that nutrition 

based screening tools, such as the G8 [82], would be of little 

relevance in this particular patient cohort.  Spyropoulou et al [197], in 

a radiotherapy patient population (n=230) found that patients >75 

years with higher Vulnerable Elders Survey-13 (VES-13) [198] scores 

were less likely to complete radiotherapy, independent of other 

factors that might affect radiotherapy completion.  VES-13 is largely 

based on functional status, an integral part of CGA.  Keenan et al 

[199] did not find any correlation between the Edmonton frailty score 

and radiotherapy toxicity.   Neve et al [200], in a small study of older 

patients with head and neck cancer, also undergoing radiotherapy, 

found that patients identified as vulnerable at baseline, were less 

likely to complete radiotherapy.   

A further study [201] investigated whether an objective measure of 

physical function, the Timed Up and Go (TUG) test, as well as the 

G8, had an association with acute toxicity and ability to comply with 

treatment. This showed no relationship between the two tests and 

treatment tolerance. The other was a prospective cohort study 

focusing on patients with head and neck cancer [31], in which those 

who reported pre-radiotherapy functional limitations were more likely 

to show both reduced health-related QoL during treatment, as well 

as a longer recovery afterwards. 

These studies signal some of the potentially useful interventions for 

patients receiving radiation therapy, albeit not directly investigated or 

mentioned in most of the aforementioned studies which have 

focussed exclusively on assessment, often without mention of follow-

up care.  This area has been one of the gaps in the current literature 

in oncology generally, but more so in radiation oncology. 
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Some of the ways in which CGA might alter treatment decisions in 

radiation oncology include omission of concomitant chemotherapy for 

example, which contributes considerable toxicity for the patient.  

Another adaptation is altering the type and modality of radiation 

treatment offered to patients.  Although radiation therapy is usually 

well tolerated in older patients [112], hypofractionated radiotherapy 

could be considered in older patients with poor supports, lack of 

mobility, lack of transportation, in active caregiver roles or with social 

frailty, for example.   This would limit the burden of travel for such 

patients, especially those not living adjacent to regional cancer 

centres.  This is one area where the radiotherapy service can 

facilitate the patient and afford greater convenience.  One example 

of this is in the treatment of Glioblastoma Multiforme (GBM).  For 

patients identified as elderly/frail, 25Gy in 5 fractions has been shown 

to be non-inferior to 40Gy in  [146], the previous standard of care for 

such cases [147].  Alternatively, the CGA may help to identify frail 

patients who are not candidates for conventional, daily radiotherapy 

but may benefit from other (curative) modalities, such as stereotactic 

body radiotherapy, with fewer hospital visits and potentially less 

toxicity [202].  Accelerated Partial Breast Irradiation (APBI) is another 

option to simultaneously limit toxicity and afford greater convenience 

for the patient [203]. APBI uses larger radiation doses to the localised 

tumour bed (as opposed to the entire breast) over a shorter period of 

time. 

Pottel et al [204] have highlighted the need for regular re-evaluation 

of CGA domains during radiotherapy as the toxicity of 

chemoradiation results in multidimensional decline, necessitating 

supportive care and intervention. Again, this highlights the need for 

ongoing assessment and appropriate interventions.   Some of these 

interventions are congruent with those listed in Table 2.1, but more 
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radiotherapy specific interventions, as well as those mentioned 

above, warrant further investigation.   

2.4.4 The Lack of Standardised Approaches to 
Assessment 

Consensus papers in geriatric medicine have recommended that 

frailty assessment should include the core domains of physical 

activity, mobility, strength, endurance, balance, nutrition, cognition, 

the senses, mood and coping, as well as social support [205, 206].  

However, cognition is not included in the Fried phenotypic model and 

is included in approximately 50% of frailty measures in the 

gerontology literature [207].  SIOG recommend the inclusion of the 

following domains in CGA: functional status, comorbidity, cognition, 

mental health status, nutrition, social status and support, fatigue, 

polypharmacy, and geriatric syndromes [79]. 

When it comes to oncology, the lack of consensus is even more 

pronounced.  Understandably, as CGA was never intended to predict 

how patients will respond to cancer therapy.  Puts et al [40] have 

highlighted this lack of standardisation with regard to CGA domains 

and assessments in the published literature to date. This limitation 

further hinders the advancement of the field of geriatric oncology, due 

to an inability to compare studies from the published literature.   

Few studies have looked at radiotherapy alone as a treatment 

modality, the vast majority including medical oncology patients.  In 

general, there do not appear to be significant differences between 

younger and older patients in relation to reported toxicity during 

radiotherapy, although older patients were more likely to report 

difficulty with walking after completion of radiotherapy and greater 
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distress [112].  Again, this reinforces the need for CGA to estimate 

baseline function and optimise function where possible. 

2.4.5 Providing More Holistic Care for Patients with 
Cancer  

A patient-centred approach is crucial. While therapy may increase 

survival rates, a reduction in patient’s health-related QoL potentially 

negates any benefits. Sekeres et al. state that QoL was more 

important to patients than the duration of life when making treatment 

decisions [208]. Another study showed that maintenance of physical 

and cognitive function was more important to older patients than 

traditional survival endpoints [181]. Survivors of haematological 

cancer are known to be at increased risk of depression and a variety 

of physical impairments compared to a control population [209]. 

Tools for measuring QoL such as the elderly specific European 

Organisation for Research and Treatment of Cancer (EORTC) 

Quality of Life Questionnaire for Elderly cancer patients – the QLQ-

ELD15 [210] and Q–TWIST (Quality-Adjusted Time Without 

Symptoms or Toxicity) [211] can be used to determine time 

with/without significant toxicity experienced until death and can be 

used to compare treatments. 

Although overall survival is an important outcome in most patient 

groups, compromising a patient’s QoL to achieve this could cause 

the patient to lose his or her independence at home or lose the ability 

to carry out daily activities. CGA-based allocation has been proven 

to reduce toxicity and thus results in a better QoL for the patient after 

treatment, which is a valuable endpoint for older patients [21, 212]. 

CGA should be used to assess the patient’s frailty status and 

estimate the severity of expected side effects and the impact these 

would have on a patient’s QoL. Should the patient be rendered too 
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frail, their QoL could be negatively impacted or their functional 

reserve could be depleted after intense treatment.  Overall survival 

should not be the only goal when designing clinical trials or treatment 

for older patients, as QoL is equally as important. Regular CGA 

assessment throughout the course of treatment ensures the patient’s 

frailty status can be monitored. 

2.5 Implementation of CGA in Clinical Practice 

As alluded to in Section 1.4, geriatric oncology does not exist in 

Ireland at the current time, but there are many international models 

to use as exemplars as to how it may be implemented in clinical 

practice [35-37].  One major challenge is that there is a notable 

shortage of geriatricians worldwide [42].  However, international 

models of geriatric oncology are based upon upskilling oncologists, 

nurses and allied health professionals to be able to implement, 

understand and interpret the findings of a CGA and how they may 

impact patient care [213].   Patient and/or caregiver self-report is also 

feasible for many of the domains of CGA, including electronic 

methods [86].  Some components however, i.e. cognitive 

assessment and physical performance measures (e.g. TUG test), 

require additional time in the clinic. A two-step model with a brief 

initial screening, followed by full assessment allows a better 

allocation of resources in the oncology setting [35]. 

These assessments can be carried out by a nurse or other allied 

health professional, and don’t necessarily require oncologist’s time.  

Estimates of the total time required for a basic CGA in oncology range 

from 22 - 27 minutes in total [36, 214], with only a fraction of that time 

needed by the healthcare professional [215].  In terms of cost-

effectiveness, the relative cost of CGA—approximately a nurse’s 
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salary—is minute by comparison to the various diagnostic tests and 

scans that are used in oncology  [179]. 

Other members of the allied health professional groups have also 

been identified as key contributors to the multidisciplinary team in 

geriatric oncology [216].  Occupational therapists and 

physiotherapists are uniquely positioned to provide supportive 

services for patients in danger of functional decline.  Dietician 

collaboration is essential for nutritional issues.  Pharmacists can 

provide much needed insight into polypharmacy and potentially 

inappropriate prescribing, while psycho-oncology services and social 

workers can assist with psychological or social issues.  Harnessing 

the skills and expertise of the existing multidisciplinary team is 

essential in geriatric oncology. Not every department will have 

access to the full array of specialists, but it is important to remember 

that CGA and screening can be provided by physicians, nurses and 

any other healthcare professional. 

Although the literature has shown the approach to geriatric oncology 

is feasible in clinical practice, there is currently no evidence on the 

clinical and cost-effectiveness of this approach.  The current 

evidence to suggest that geriatric interventions have a positive 

impact on survival and QoL in older patients with cancer is limited, 

and RCT data are required.  There is one large study currently 

underway that will evaluate the cost-effectiveness of geriatric 

oncology programmes, by Puts et al in Canada [217].  Cost-

effectiveness of CGA has been well established in other settings 

[218-220].     

There are many models of geriatric oncology programmes, such as 

those providing ongoing geriatric oncology management throughout 

the cancer trajectory, one-time consult programmes, site specific 
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models and those based on age, rather than tumour site [221].  

Geriatric oncology remains a niche service in many countries 

internationally [213].  In a European context, significant heterogeneity 

exists among geriatric oncology programmes. 

For example the use of a screening tool is a quality indicator for 

patients with colorectal cancer in the Netherlands [222].  The Italian 

system of geriatric oncology is organised through The Italian Geriatric 

Oncology Group (GIOGER) [223], which is similar to the Spanish 

system [224], with a few geriatric oncology programmes in some of 

the biggest centres.  Similarly, in the UK, a number of pilot 

programmes have been initiated [225].   

France has a relatively coordinated system of geriatric oncology and 

serves as one of the exemplars worldwide. This coordination has 

been facilitated by funding through Institute National du Cancer 

(INCa), who have funded consecutive cancer plans [226].  This has 

led to a more coordinated network of geriatric oncology units across 

the country, which are led by both an oncologist and a geriatrician. 

Ultimately, this has enhanced access for older patients and resulted 

in organised geriatric oncology research programmes and increased 

awareness among both the general population and health 

professionals.  

A geriatric oncology programme requires this kind of infrastructure 

and administrative support to lay the foundations for a sustainable 

programme in the longer term. Difficulties sustaining these 

requirements have been explored in the published literature [227]. 

Defining clinical referral pathways for identified deficits and ensuring 

access to appropriate interventions are important tasks to address 

before implementing CGA [228]. This requires good communication 

with other disciplines as part of the multidisciplinary pathway, which 
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has historically been quite poor, with both professions traditionally 

working in a separate capacity, with little collaboration [229].   

General Practitioners (GPs) are another untapped resource that 

could potentially be better utilised in geriatric oncology.  GPs often 

feel excluded during cancer treatment, despite being a main point of 

contact for the patient, and often the best gatekeeper for access to 

support services in the local community [230, 231].   

Bagayogo et al [232] outlined ways in which oncologist-geriatrician 

collaboration could be enhanced, such as institutions mandating the 

presence of the geriatrician at multidisciplinary meetings, or tumour 

boards.  Oncologists indicated that this would be useful, and also that 

physical proximity of geriatricians would be ideal.  Health technology 

was also identified as a good facilitator of communication and 

collaboration [229], and having “geriatric oncology champions” in 

academic oncology [233].  Four recent pilot studies (three RCTs and 

one cohort study) examined the role of a multidisciplinary 

collaborative approach to CGA and associated interventions in 

oncology [234-237].  These studies have demonstrated a positive 

impact from a multidisciplinary geriatric oncology team with regard to 

patient outcomes, such as QoL.   

To implement CGA into clinical practice, there are educational 

requirements in the medical, nursing and allied health curricula that 

need to be addressed.  Studies have highlighted there is an unmet 

need in this regard [41, 238]. In order to address this, efforts to devise 

a core curriculum in geriatric oncology have been undertaken by 

several societies. ASCO [192] and the European Society of Medical 

Oncology (ESMO) [239] have both developed recommendations for 

geriatric oncology as a part of their global curricula. Likewise, the 

European Oncology Nursing Society (EONS) has also published 

recommendations for a core curriculum for geriatric oncology for the 
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nursing profession [240].  Similar efforts are underway in radiation 

oncology [241].  SIOG have developed the Treviso Advanced 

Geriatric Oncology course [242] in order to enhance education and 

clinical practice for both the geriatrics and oncology disciplines . 

Initiatives such as these are vital to address the existing knowledge 

gap.  

2.6 Conclusion 

Many aspects of the care of older patients receiving cancer-directed 

treatment are under-served compared to the evidence base and 

rigour applied to other patient cohorts.  This is a result of the 

traditional exclusion of older patients from oncology clinical trials.  A 

direct consequence of this practice is that the current evidence base 

only serves to define treatment for the fittest category of older adults.  

We generally lack clear guidance on other patient groups, i.e. those 

who are vulnerable or frail.  While intuition can guide clinicians to a 

certain extent, there is an urgent need for more defined research to 

allow us to better understand the heterogeneous group of patients 

presenting to us for treatment. 

There is a growing need for increased collaboration between the 

disciplines of oncology and geriatric medicine.  CGA is a 

multidimensional assessment used to assess an older patient’s 

cognitive function, co-morbidities, physical function, psychological 

function, nutritional status and the patient’s social support system. It 

allows oncologists to have a better estimation of the patient’s overall 

health status i.e. is the patient fit, vulnerable or frail [243]? This can 

potentially inform treatment decision making and allow a more 

patient-centred process of care.  
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Commonly used ECOG based inclusion criteria have been shown to 

poorly define the extent of frailty in the older patient population[244]. 

Therefore, study findings cannot be fully extrapolated to clinical 

practice.  A CGA can also be used to allocate patients to various 

treatment arms in clinical trials. One such example is the phase III 

ELderly heAd and Neck cancer-Oncology eValuation (ELAN-

ONCOVAL) trial which used CGA to allocate patients into treatment 

arms depending on whether they were fit, vulnerable or frail [245]. 

Unfortunately, there is a lack of consensus on the ideal CGA based 

evaluation to use in oncology, which makes comparison between 

studies difficult at present [246, 247]. CGA was initially devised for a 

geriatric medicine setting in order to diagnose and intervene as 

appropriate. It was not designed for an oncology setting, where the 

intention for its use may be to guide treatment and predict survival, 

toxicity and QoL.   

Research examining the role of frailty in oncology remains 

inconclusive in many key areas, and more studies are needed to 

determine the role of frailty assessment in treatment decision making 

and impact on other outcomes, such as toxicity, quality of life and 

survival.  
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3 A Delphi Consensus Study of Geriatric Assessment in 
Oncology  

3.1 Introduction 

It is widely reported that older patients with cancer are undertreated compared to their 

younger counterparts [248-250].  Survival data from national cancer registries and 

institutions such as the European Alcohol Policy Alliance (EUROCARE) [251], have 

highlighted significantly poorer outcomes for older patients.  There is a lack of empirical 

data related to tolerability of cancer-directed treatment in older patients, due to the 

traditional exclusion of older patients from cancer clinical trials [19, 20, 24, 212, 252].  

Existing level 1 evidence and treatment guidelines tend to favour fitter older patients, and it 

remains uncertain what approach to take towards more vulnerable patients [253-255].  Also, 

ageism may exist in cancer care [256], and indeed patients themselves may choose not to 

undergo aggressive treatment, especially if treatment could affect their quality of life [181, 

257].   

The Institute of Medicine’s 2013 report on cancer care [258] highlighted an urgent need to 

gain more evidence regarding effective remedial action for the undertreatment of older 

adults with cancer.  Guidelines have advocated for a more objective pre-treatment 

assessment of older cancer patients [79].  The ability to stratify patients according to their 

physiological age to help guide cancer treatment decisions for older patients is of paramount 

importance.  It is thought that integration of geriatric medicine principles into oncology might 

better assist clinicians in making complex treatment decisions.  It may also help to overcome 

issues of inequity of access, undertreatment and indeed overtreatment. 

A comprehensive geriatric assessment (CGA) is defined as a “multidimensional 

interdisciplinary diagnostic process focussed on determining an older person’s medical, 

psychological and functional capability in order to develop a coordinated and integrated plan 

for treatment and long term follow up” [87].  This is often abbreviated to GA (geriatric 

assessment) in the geriatric oncology literature.   
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GA has been shown to improve outcomes in older adults in the geriatric medicine setting, 

with regard to reduced hospital admissions, improved functional status and better survival 

[90, 259].  The evidence for the benefits of GA in oncology include prediction of treatment 

related toxicity [189, 260, 261], treatment adherence [197, 262, 263], quality of life [204, 

264], ability to inform oncologist’s treatment decisions [186-188, 190, 265, 266] and overall 

survival [176, 267-269].  However, much of the current knowledge base for the effectiveness 

of GA in oncology is based on smaller retrospective studies of heterogeneous cancer 

patients, and better prognostic models are needed [79]. 

Despite consensus guidelines from The International Society of Geriatric Oncology (SIOG) 

[79, 80], the National Comprehensive Cancer Network (NCCN) [78] and European 

Organisation for Research and Treatment of Cancer (EORTC) [81], who have 

recommended GA be performed in all cancer patients, it has yet to be optimally integrated 

into the field of oncology in most countries. One difficulty in the published literature in 

relation to GA, lies with the lack of standardisation of assessment approaches to date [40].  

In the absence of evidence-based guidance, the Delphi method is frequently employed in 

healthcare to formulate expert consensus guidelines in a particular field [270-272]. There is 

also a knowledge gap amongst many oncologists in relation to the objectives and methods 

of GA [41, 273]. 

3.1.1 The Current Study 

No research to date has been carried out to examine the optimal method of frailty 

assessment in oncology and how best to implement GA into radiation oncology clinical 

practice, in particular.  The current study sought to address this gap in the literature by 

examining how best to implement GA for older cancer patients.  In addition, the study sought 

to address the lack of research about assessment methods and care pathways. 

The overall aim of this study was to obtain consensus on aspects of GA in oncology to 

inform the implementation of an Irish geriatric oncology programme, which would be 

transferable to other countries and healthcare systems. 
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The specific objectives of Study 1 were: 

1. To determine current practice in relation to GA in oncology. 

2. To establish consensus among a group of Irish Oncologists, with guidance from 

international experts, in relation to the optimal GA methodology for oncology clinical 

practice. 

3.2 Methodology 

This study used the Delphi method in order to achieve its primary aim of gaining consensus 

among a group of participants. The Delphi method attempts to reach a convergence of 

opinion among experts on a specific topic, over a series of rounds or iterations, using a 

facilitated group approach.  It was developed in the 1950s by the Research and 

Development (RAND) Corporation, for a US military project [274].  The basic process has 

evolved over the years, but still comprises a number of key steps i.e. convening an expert 

group, discussion and iteration with regard to a particular topic, and condensing data from 

this expert body in order to achieve consensus, using various statistical methods [275-277].    

All of these steps are important in maintaining the methodological rigour of the approach 

[278].  While survey methodology defines the current status of events, the Delphi technique 

is used to define “what should be” [279].  It has been used extensively in healthcare, in 

order to set goals, policies or predict future events, and is especially useful where the 

relevant evidence base is lacking, as in the current study [280, 281].   

There are a number of benefits to using the Delphi method [282, 283]. Usually participants 

can remain anonymous (though this isn’t feasible in face-to-face rounds), and thus may 

change their opinions without peer pressure [275] .  Interpersonal difficulties, often inherent 

in committee based decisions, are eliminated, and dominant members of a group are less 

intrusive [284].  Subject bias is thus potentially reduced, as participants are anonymous, 

and greater transparency is achieved through more open communication.  Using the Delphi 

method overcomes geographical boundaries to participation, as in the current study, where 

it would not otherwise be feasible to convene such a range of stakeholder groups.  
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3.2.1 Different Types of Delphi 

There are a number of ways in which the Delphi technique can be facilitated.  The Classical 

Delphi technique is delivered over a period of time (often months), in a series of structured 

“rounds”, which are used to reach consensus from a group of experts in a particular topic, 

usually through the use of questionnaires. Feedback from successive rounds is provided to 

participants in an iterative process, with the potential for altered opinions to emerge over 

time.  Feedback is incorporated into the design of subsequent rounds, e.g. by eliminating 

items that have reached consensus.  When consensus has been achieved, the process 

ends.  However, consensus may not always be possible.   

Other methods use face-to-face meetings or focus groups in the first round.  Some take the 

opportunity to capitalise on a group of experts presenting for a specific purpose e.g. a 

conference, to gather expertise in a room via a “consensus conference”.  More recent 

studies have concentrated on web-based implementation.  Online Delphi is mainly 

administered via the internet, using anonymous online surveys, which is the methodology 

chosen for the current study.  Questionnaires are circulated for each round, whereby 

participants rank their agreement, or lack thereof, with particular questions or statements.  

The next round then incorporates this feedback in its design, and participants are invited to 

reconsider their initial judgements, based on the collective feedback received.  This process 

continues until agreement is reached.  A four round Delphi was chosen for the purpose of 

this study.  

3.2.2 Alternatives to the Delphi Technique  

There are a number of other methodologies that were considered for the current study.  One 

of these, another consensus-seeking method, was the nominal group technique (NGT).   

The NGT Is a structured face-to-face group interaction comprising four key stages [285]. 

These are: 1) silent generation round, 2) round robin, 3) clarification and 4) voting (ranking 

or rating). Using this method, a maximum of seven participants is recommended for the 

entire process, and it usually involves one or two questions, which are circulated to 

participants in advance of the meeting.  For the silent generation round, participants are 
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given approximately 20 minutes at the beginning of the group meeting to answer the specific 

questions asked. The facilitator then invites each participant to say a single idea to the entire 

group in a “round robin” fashion.  Study participants might think of new ideas during this 

process, but must wait their turn before sharing with the entire group. This round proceeds 

until no new ideas are formed i.e. saturation is reached, and no discussion is allowed at this 

stage, ideas are merely recorded on either a flip chart, or a board.  During the clarification 

stage, similar ideas are grouped together and discussed. Participants may also choose to 

add or omit certain ideas and are also involved in generating overall group themes.  Finally, 

participants are asked to rate or rank the resultant ideas from the process and to select their 

top preferences. Usually this number is specified by the facilitator as a maximum number 

of ideas that may be chosen in the final selection process. One of the disadvantages of 

NGT is the lack of anonymity for participants and the possibility of influence from other 

participants.   However, individual scoring is confidential. The NGT also has the advantage 

of being time efficient in that everything is decided in one meeting, however the number of 

questions posed may dictate the time taken to complete it.   

The NGT was deemed unsuitable for the current study, as it wasn’t feasible to arrange this 

type of meeting, given the geographic spread of the participants and a desire for anonymity.   

3.2.3 Participants 

3.2.3.1 Eligibility Criteria 

In keeping with best practice in Delphi methodology, the expert panel was purposively 

sampled upon individual expertise and knowledge, as follows: 1) recognised scientific 

expertise in geriatric oncology research or clinical experience, demonstrated by publication 

or clinical activities and participation in guideline development; 2) multidisciplinarity to 

facilitate diversity of views and expertise from a geriatric medicine and oncology 

perspective; and 3) both a national and international context to facilitate a global 

representation and exchange of state-of-the-art knowledge, with the aim of implementing 

an Irish geriatric oncology programme.   
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Purposive sampling methods are usually employed in Delphi studies [286], i.e. participants 

are selected for a specific purpose, as outlined below.  This is particularly useful in areas 

where there are a limited number of individuals with the required expertise in relation to the 

research topic, as is the case with geriatric oncology. 

3.2.3.2 Expert Panel Sampling and Recruitment 

Guidelines for composition of Delphi panels indicate that their membership should reflect 

the stakeholders involved in a particular area [276, 280, 287].  This is important to ensure 

content validity of the resultant consensus document.  Given the multidisciplinary nature of 

geriatric oncology, it was important that the panel for this study reflected both oncology and 

geriatric medicine stakeholder groups.   Heterogeneous stakeholder groups can result in 

better performance in Delphi studies [281] and may help to overcome issues related to bias. 

There is no definitive number for the optimal composition of  a Delphi panel [276, 288].  

Likewise, the literature is inconclusive in relation to the number of stakeholder participants. 

However, most Delphi panels comprise 15-20 members  [276].  

The international expert panel was identified through active International Society of Geriatric 

Oncology (SIOG) affiliation.  SIOG is considered a niche organisation, promoting the 

discipline of geriatric oncology through education, clinical practice and research.  A follow-

up search of Pubmed was used to verify clinical and research activity of the SIOG panel.  

For the current study, whose focus was the implementation of a geriatric oncology 

programme in Ireland, it was deemed important to include a national panel of stakeholders 

also.  The SIOG affiliated panel was mainly European-based.  All Irish (Consultant) 

Radiation and Medical Oncologists and Geriatricians were identified through the relevant 

professional body and invited to participate also.  Consultant level participation was deemed 

appropriate, as this indicated the highest level of expertise in each discipline.  The national 

panel also had relevant expertise in the clinical management of older patients with cancer. 

Surgeons were excluded from this study, as although it is appreciated that there are some 

commonalities, the pre-operative assessment of patients is necessarily different to the pre-
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treatment assessment of patients undergoing chemo-radiotherapy.  It would therefore 

constitute a separate panel of expertise with different aims and objectives.  

3.2.3.3 Expert Panel Composition 

One hundred and fifty eight experts, in total, were contacted via email and provided with 

information regarding the study.    Response rate varied per professional group, as follows: 

SIOG affiliated 55% (n=24/44), radiation oncology 31% (n=9/29), medical oncology 23% 

(n=6/26) and geriatric medicine 17% (n=10/59). 

3.2.4 Study Procedures 

3.2.4.1 Ethical Considerations 

Ethical approval was granted by the Research Ethics Committee of the Faculty of Health 

Sciences in Trinity College Dublin and Saint Luke’s Radiation Oncology Network, Research 

Management Committee (Appendix 1).  All participants provided informed consent to 

participate in the study (Appendix 2).  All data collection and storage were compliant with 

data protection regulations. No identifiable patient data were collected as part of the study. 

3.2.4.2 Survey Design 

Initial survey items were based on a review of the literature. As is often the case in Delphi 

studies, the first round (R1) also consisted of unstructured open questions whereby 

participants were invited to put forward their opinions on various aspects of GA.  This data 

was then collated and summarised in the round two (R2) survey, and so on for each 

successive round.   

R1 comprised 49 members, encompassing four disciplines:  radiation oncology (n=9), 

medical oncology (n=6), geriatric medicine (n=10) and SIOG-affiliated (n=24).   
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3.2.4.3 Number of Delphi Rounds 

There is no clear guidance on the optimum number of Delphi rounds that should be used.  

The original Delphi traditionally used four rounds [289].  However, a 2011 systemic review 

[290] found that most Delphi studies used two rounds and that three rounds should allow 

consensus to be achieved in most studies [276, 281, 291].  Extending past three rounds 

carries the risk of attrition, and often there is little to be achieved after this point, apart from 

an assessment of stability.  Stopping rules for Delphi studies vary between those who stress 

that consensus should be achieved on the matter under discussion [281], versus those who 

recognise the importance of stability of responses [292], indicating that opinion is at 

saturation point, and that further rounds will do little to change that.  It should also be 

recognised that consensus is not always possible. 

In the present study, four Delphi rounds were undertaken, as it was envisaged that 

consensus would be difficult to achieve, due to the multidisciplinary nature of the group, and 

the novel nature of GA in oncology for some participants (i.e. the Irish panel).  It was also 

hoped that this would allow stability to be assessed. 

3.2.4.4 First Delphi Round 

All four rounds of the study were facilitated online using "Survey Monkey" (Survey Monkey 

Inc., Palo Alto, CA, U.S.A), and consisted of open-ended questions related to GA.   Open-

ended statements, designed to capture the breadth of opinion within the multidisciplinary 

group, were combined with 10 point Likert scales.  The generation of statements was 

carefully considered to limit bias.  Questionnaires were accessed via a secure URL link, 

generated by Survey Monkey, and sent via email.  

A quasi-anonymous approach was used, whereby each participant used a unique study ID 

when completing each round, whose identity was known only to a designated gatekeeper 

who secured the study code.  This allowed participant’s anonymity to be protected, and 

compliance/attrition to be monitored between rounds.  Other studies have used self-
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generated codes, whereby participants combine the letters and numbers of key 

demographic personal data to form a unique number or code [293-296].   

The R1 survey consisted of information on the demographic profile of the expert panel (see 

Appendix 3) and qualitative development of guidelines (see Appendix 4a to 4d) relating to 

use of GA, organisation of geriatric oncology activity, use of GA tools and interventions, 

stratification of patients for full GA and perceived importance of GA in the decision-making 

process.  The demographic survey was common to all disciplines.   In the first round, 

individual R1 surveys were designed for each discipline, with identical statements included, 

but tailored to that particular discipline.  This allowed for the language to be different, 

reflecting differing levels of familiarity between the disciplines, as advocated in similar 

Delphi studies [297].  Sample questions used included: “What staff members participate in 

the interpretation of GA?”, “who is offered GA (i.e. characteristics of patients)?” and “please 

list any GA tool(s) that you currently use in your clinical practice”.  As per the classical Delphi 

approach, the rationale for the use of open-ended questions in R1 is to reduce bias, allowing 

participants relative freedom in their responses [282].  Surveys were piloted in advance to 

ensure comprehension and promote clarity, in keeping with best practice in Delphi studies 

[274].  

3.2.4.5 Iteration 

An important feature of Delphi studies is iteration or feedback between rounds.  For this 

purpose, summary statements were amalgamated after each round, grouping related 

content together and then distributed to participants in an anonymised report before each 

successive round.  Participants were requested to review the report of reach round, before 

proceeding to the next round of the study.   

It is recommended that this feedback include descriptive statistics of the combined results 

and a summary of qualitative data received from participants [281].  Simple descriptive 

statistics were included in the feedback summary of each round in the current study, and 

open responses from additional comment text boxes were included in appendices (ensuring 

anonymity), with broad summaries and synopses in the main text.  Experts were asked to 
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consider their responses in the context of the group response, along with the summarised 

report and then re-rate the statements. Where items reached consensus they were re-

introduced once more to ensure stability, as per the pre-defined methodological approach.  

Box and whisker plots were also displayed in the feedback report for certain aspects, to 

display the distribution of responses and to highlight outliers, who were identified by study 

ID.  It was anticipated that this would aid convergence towards group consensus.  

Delphi studies are time consuming processes, both for the participants and the researcher, 

who has to collate and analyse the data from each round in an efficient manner in order to 

ensure timely feedback of information [276].  Reminder emails were sent before the pre-

defined deadline for completion in all cases, in order to enhance participation.   

The first round report is provided in Appendix 5. The second, third and fourth round surveys 

are included in Appendix 6, 8 and 10, respectively.  The second, third and fourth round 

feedback reports are included in Appendix 7, 9 and 11, respectively.   

3.2.4.6 Second Delphi Round 

In R2, the goal was to design a questionnaire, with quantifiable ranking/rating scales, using 

information put forward by participants in the first round.   This formed the basis for 

subsequent rounds, whereby items were eliminated only through consensus and stability.  

Participants were asked to rate or rank certain aspects of the geriatric oncology process, 

under the aforementioned broad headings i.e. selection of patients for GA, appropriate 

assessments and interventions for older oncology patients, implementation strategies as 

well as education and training requirements. Participants “voted” to indicate the level of 

importance attributed to a particular statement, or to rank order items presented to them, or 

by simply answering yes or no to a given question.   The method of voting chosen depended 

on the type of information sought.  Some statements required a simple yes or no answer, 

while others were ranked in order of preference, from a selection of choices e.g. assessment 

tools/interventions.  A 10 point Likert scale was used to measure level of agreement with a 

statement, or the level of importance attributable to it.  
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3.2.4.7 Third Delphi Round 

For R3, survey items remained unchanged.  The expert panel was invited to consider their 

opinions on each topic, in light of the second round summary report.  In order to assess 

stability, it was necessary to produce a duplicate round of all items used in R2.  Each 

member of the panel was provided with an anonymous summary of the experts’ opinion 

from the previous round in order to aid decision making.  

3.2.4.8 Final Delphi Round 

Items that had not achieved consensus and stability in the previous rounds were presented 

in R4. Only the top three options (identified by mean rank/rating) were presented in the final 

round where consensus had yet to be achieved, in a final effort to “force” consensus.   

Open comments were encouraged throughout in a combined qualitative and quantitative 

approach.  The Delphi process is summarised in Fig. 3.1. The number of participants 

completing each round is summarised in Table 3.1. 
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Figure 3.1 Participant flow through the Delphi process 



 

Chapter 3 

 

 

89 

 

 

 

Table 3.1 Summary of attrition and participant numbers for each Delphi round 
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3.2.4.9 Attrition 

Poor response rates and attrition are often a feature of Delphi studies 

[298].  Attrition between rounds in the current study was minimal, with 

five panel members choosing not to participate further after R1 (one 

from radiation oncology, four from the SIOG affiliated group). There 

was no further attrition between rounds two (R2) and three (R3), while 

four participants did not proceed to the final round (R4), one member 

from each of the respective professional subgroups. A 

nonrespondent bias check was conducted after the first Delphi round, 

which verified that nonresponders did not differ demographically from 

responders. 

3.2.5 Data Analysis 

Both qualitative and quantitative data analysis were undertaken of 

the results of each round of the Delphi process. 

Data were analysed anonymously by encoding panel members with 

their survey ID numbers, provided by a gatekeeper.  Data were 

exported from Survey Monkey and analysed using Statistical 

Package for the Social Sciences (SPSS) v20.0. Demographic 

characteristics were analysed using descriptive statistics. The 

stratification of patients for GA, ranking of GA domains and 

assessments/interventions was reported as ordinal data. The median 

was used to measure the group aggregate rating. The median rating 

was interpreted along with the interquartile range (IQR) to determine 

consensus of the statements, as outlined previously. The median and 

IQR were calculated based on all participating respondents.  Missing 

answers were regarded as nonparticipation, and the panel was 

directed not to provide guidance on items it was unsure about.   This 
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was considered important due to the heterogeneous nature of the 

expert panel. 

Non-parametric tests were used to test consensus, differences 

between stakeholder groups and stability of responses.   

Data produced from the open ended questions were entered 

verbatim onto an excel spreadsheet where it was arranged into 

common themes for the purpose of the feedback report. As the 

volume of data produced from these questions was extremely small, 

it was not subject to further qualitative analysis. 

3.2.5.1 Defining Consensus  

There is large variation in the measurement of consensus in Delphi 

studies.  A predetermined threshold for consensus was chosen in the 

current study, before initiation, as per best practice in Delphi studies 

[299].  This serves to eliminate researcher bias.  For nominal data, 

consensus was defined as 67% i.e. two-thirds majority.  Some 

studies have used a threshold of 70% [297, 300], 75% [287, 288, 301] 

and 80% [276], with a systematic review of Delphi studies 

demonstrating a median level of consensus defined at 75%  [302].   

Consensus for Likert data is often calculated by using the IQR [276, 

292, 303], which measures the variability of responses. It is widely 

accepted as an objective and rigorous method of defining consensus 

in Delphi studies [292, 304].  An IQR ≤1 can be considered as good 

consensus on a five-point Likert scale, signifying that at least half of 

participants agreed to within one point on the scale.  An IQR ≤2 is 

recommended for a ten-point scale, indicating that at least half of 

responses are within two points on the scale [274].  The latter was 

employed for the majority of the current study, whereby 10 point 
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scales were used.  However, for the final round, many items were 

reduced to <5, therefore an IQR of 1 was used in this instance.   

Kendall’s coefficient of concordance W was performed to measure 

the degree of consensus among experts [305].  Kendall's W ranges 

from 0 (no agreement) to 1 (complete agreement).  A high and 

significant W means that participants are applying the "same 

standard in judging the importance of the issues" [306].  The 

Kendall's coefficient of concordance was reported for the final round 

ratings. 

3.2.5.2 Defining Stability 

For Likert scales, items reaching consensus, based on a priori IQR 

definitions, were re-presented in the following round to ensure 

stability of responses in two successive rounds.   Stability reflects the 

permanence of participants’ vote distribution over successive rounds 

[307], an important indicator that is often not reported in the literature 

[308].  Changes of less than 15% offer a working definition of stability 

in the literature, when the responses obtained in two successive 

rounds are shown to be not significantly different from each other 

[307].  Group stability, rather than individual stability was assessed in 

this study. 

In this study, group stability (as opposed to individual stability) was 

tested between the final two rounds in which consensus was 

achieved for ordinal responses, using a Wilcoxon matched-pairs 

signed rank test on all items that reached a pre-determined 

consensus level.  In each of these rounds, the same question was 

posed, using an identical Likert scale.  This facilitated analysis of the 

response data between the two rounds.  For some items the resultant 

analysis was of rounds 2 and 3, whereas for others it was rounds 3 
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and 4.  A statistically significant Z score indicates that the median 

score for the two rounds is different, and therefore lacking in stability. 

Strictly speaking, from a statistical perspective, the mean is not 

considered an appropriate central tendency measure for ordinal data 

[292], such as the Likert scales used in Delphi studies.  However, the 

mean was used in the present study, for prioritisation and ranking 

purposes, as is common in other Delphi studies [292].  

3.2.5.3 Comparison of Ratings by Different Disciplines in 
the Expert Panel 

The Kruskal Wallis H test was used to analyse differences in 

independent variables among the different subgroups of experts. 

The significance level for determining statistical difference on all tests 

was defined at p ≤ 0.05. 
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3.3 Results 

Four Delphi rounds were used in total.  The first round presented 

relevant areas from the literature and invited participants to contribute 

others.  Various items were rated in the rounds that followed, with a 

final consensus achieved for most items by the final round. The data 

collection involved quantitative data from a series of Likert scales in 

each Delphi round (and associated descriptive and inferential 

statistics) and qualitative data in the form of comments from 

participants.  A feedback report was circulated to participants after 

each round, before commencement of the next round.  All data were 

collected online.  The sections below describe the main findings of 

the process, which took place over a seven month period from 

December 2012 to June 2013. 

3.3.1 Study Participant Profile 

Demographics of study participants are presented in Table 3.2, by 

professional group i.e.(a) SIOG affiliated panel (representing 49% of 

the entire expert panel), (b) Irish radiation oncologists (18% of the 

expert panel), (c) Irish medical oncologists (12% of the expert panel) 

and (d) Irish geriatricians (18% of the expert panel).  Apart from 

medical oncology, which showed a marked male preponderance, the 

gender and age distribution of participants were approximately equal.   

Years of clinical experience varied between groups, with the SIOG 

group and radiation oncology groups having slightly more than the 

other groups. 

Participants were asked to rate the current evidence base in geriatric 

oncology, on a ten point Likert scale, as part of the initial 

demographics round.  Overall, this was rated at an overall mean 



 

Chapter 3 

 

 

95 

 

value of 4.3 (1.8).  For the SIOG affiliated panel, this increased 

marginally to 4.6 (2.1). 

3.3.2 Current Use of GA 

All of the SIOG group stated that they perform GA on their patients 

(always or sometimes), validating their selection for the Delphi 

process.  The Irish Geriatrician group, as expected, also employ GA.  

For those who answered “sometimes”, specified reasons included 

clinical judgement, when radical treatment is proposed, as part of a 

research protocol, when there is evidence of comorbidities or 

cognitive impairment and when time allows.  Please see the R1 

feedback report, Appendix 5, for detailed responses. 

The majority of Irish Oncologists (Radiation and Medical) did not 

perform GA on their older patients (53%).  41% of participants stated 

that they “sometimes” perform GA, under specific conditions, such as 

“obvious frailty”, concerns about ability to give consent for treatment 

and for curative treatment. 

SIOG participants were asked to specify how GA is integrated into 

clinical practice in their institutions.  Many different approaches were 

demonstrated.  For some institutions, GA was considered routine 

practice and the standard of care was to offer all older patients GA 

on initial consultation.  Some used an initial screening tool, such as 

the G8 to identify patients who required full CGA.  Geriatrician review 

was available upon request, or by provision of dedicated oncology 

clinics at regular intervals in some centres.  Nurse-led assessments 

were also used to provide the initial screening of patients, which was 

followed up, if required.  Institutions participating in research 

performed full CGA routinely for older trial patients. 
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SIOG Group (n=24) 
Characteristics n % Entire 

Expert Panel  
Mean(SD) Median Range 

Age (y) 24 49 44.8(9.4) 43 34-73 
Female gender 11 22 

   

Male gender 13 27 
   

Years in clinical practice 24 49 12.8(11.0) 11 1-48 
Current evidence base in 
GO (scale 1-10) 

24 49 4.6(2.1) 4.5 1-9 

In receipt of funding for 
GO research 

8 16 
   

Caseload Older Patients 
with Cancer Seen/Week 

22 45 24(30.5) 18 1-150 

Additional Expertise of the SIOG group  
Yes  
n(%) 

No   
n(%) 

   

I do more clinical work 
than research 

18 (82%) 4 (18%) 
   

I mentor others in GO 18 (86%) 3 (14%)   
  

I describe myself as a 
geriatric oncologist 

10 (48%) 11 (52%) 
   

Profession:  
 
Geriatrician 
 

 
 
5 (10%) 

    

Medical Oncologist 19 (39%)     
      
*One participant declined to complete the demographic summary 
  

 

      

(a) Demographic Characteristics SIOG Panel 
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Radiation Oncology Group (n=9) 
Characteristics n % Entire 

Expert 
Panel  

Mean 
(SD) 

Median Range 

Age (y) 9 18 45.4(8.1) 43 35-62 
Female gender 4 17 

   

Male gender 5 21 
   

Years in clinical 
practice 

9 18 12(8.7) 9 3-29 

Current evidence 
base in GO (scale 1-
10) 

9 18 4.1(1.8) 4 2-7 

In receipt of funding 
for GO research 

0 0 
   

Caseload Older 
Patients with Cancer 
Seen/Week 

9 18 8.7(12.4) 4 2-40 

(b) Demographic Characteristics Radiation Oncologists 

      

Medical Oncology Group (n=6) 

Characteristics n % Entire 
Expert Panel  

Mean(SD) Median Range 

Age (y) 6 12 42(7.6) 39 36-56 

Female gender 1 4 
   

Male gender 5 21 
   

Years in clinical 
practice 

6 12 10(8.4) 8 2-12 

Current evidence base 
in GO (scale 1-10) 

6 12 4.2(1.0) 4 1-5 

In receipt of funding 
for GO research 

0 0 
   

Caseload Older 
Patients with Cancer 
Seen/Week 

6 12 16.2(6.3) 16 10-25 

(c) Demographic Characteristics Medical Oncologists 
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Geriatric Medicine Group (n=10*) 
Characteristics n % Entire 

Expert Panel  
Mean(SD) Median Range 

Age (y) 9 18 43.4(3.5) 44 39-48 
Female gender 5 10 

   

Male gender 5 10 
   

Years in clinical 
practice 

9 18 7.9(3.2) 8 2-12 

Current evidence base 
in GO (scale 1-10) 

9 18 3.8(1.4) 4 1-5 

In receipt of funding for 
GO research 

2 4 
   

Caseload Older 
Patients with Cancer 
Seen/Week 

9 18 2.4(1.4) 2 1-5 

(d) Demographic Characteristics Geriatricians 

Table 3.2 Demographic characteristics of study participants by 
professional group i.e. SIOG affiliated panel (a), radiation oncologists 
(b), medical oncologists (c) and geriatricians (d) 

 

3.3.3 Feasibility of Geriatric Oncology in Ireland 

It was found that 93% of Irish participants believed that geriatric 

oncology, as a discipline, was feasible in Ireland.  One participant 

stated: 

“But very challenging because of an already extensive commitment 

to numerous MDTs and dwindling resources. (RO)” 

Reasons given by those who did not think geriatric oncology was 

feasible were also related to time/resources: 

“The resources at Consultant level are probably insufficient in both 

geriatrics and oncology to achieve this.” 
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3.3.4 Use of Self-Report Items to Complement 
Assessments 

In R1, the majority of participants (81%) felt that GA should be 

completed by face-to-face interview.  This opinion changed slightly in 

R2. Thirty-four percent of participants felt that completion of all or part 

of GA at home by the patient/family was desirable, while the 

remaining 66% felt that it was not.  This may represent different 

attitudes towards different assessment types, some of which 

participants felt were feasible by self-report methods and others 

which were not.   

Using expert panel guidance, this was re-examined in R3 to gain 

clarity, and the question was rephrased as follows: 

 “Should part of the GA be completed at home by the patient/family 

prior to the initial oncology consultation?  Please note that this 

includes assessments that the panel feel (by consensus) are feasible 

by self-report only.” 

In R3, sixty-six percent of participants felt that this option was feasible 

(the reverse of R2).  This represented borderline consensus, even 

though this was in opposition to rounds 1 and 2, and was thus 

reintroduced in the final round.   

In R4, 83% of participants felt that completion of part of the GA at 

home by the patient/family prior to an oncology consultation was 

feasible, thereby representing clear consensus on this item. 
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3.3.5 Selection of Patients for GA 

R1 sought the opinion of the contributing professional groups 

regarding which patients should be routinely referred for GA.  This 

item represented the most dissensus in the Delphi panel, and only 

the top three ranking items were reintroduced in R4, in an effort to 

force consensus.  There was no consensus in the first three rounds 

regarding this aspect of GA.  Consensus was finally reached in R4 

that all patients aged 70 and over, and those who are younger with 

age-related issues or concerns, should be referred for GA. See Table 

3.3 for a summary of descriptive statistics per round.   

For the final round age cutoff variable, W was calculated (W = 0.452) 

and found to be statistically significant (p < 0.001).  This indicates 

moderate agreement with the final ranking.  The Kruskal Wallis test 

demonstrated that there was no significant difference in relation to 

how ranks were applied among the four subgroups. 

Wilcoxon's matched-pairs signed-rank test was used to test stability 

of responses by analysing whether there was any statistical 

difference in participants' responses from the final two rounds in 

which consensus was achieved.   

Taking all of the participants' rankings as a whole, their views on the 

optimal age stratification changed significantly between rounds, 

indicating relative instability. Details of the results of Wilcoxon's test 

are provided in Table 3.4 below. 

 

 

 



 

Chapter 3 

 

 

101 

 

 

Rank Mean 
Rank 

Median Interquartile 
Range  

Consensus  
[R4 W=0.452, 
2 df, 
p<0.001) 

1. All patients aged 70 
and over, and those who 
are younger with age-
related issues or 
concerns 

R2: 3.16 
 
R3: 2.68 
 
R4: 1.28 

R2: 3.00 
 
R3: 2.00 
 
R4: 1.00 

[1.00, 5.00] 
 
[1.00, 3.50] 
 
[1.00, 2.00] 

No  
 
No 
 
Yes  

2. All patients aged 75 
and over, and those who 
are younger with age-
related issues or 
concerns 

R2: 3.60 
 
R3: 3.51 
 
R4: 2.10 
 

R2: 3.00 
 
R3: 3.00 
 
R4: 2.00 
 

[2.00, 5.00] 
 
[2.00, 5.00] 
 
[1.00, 3.00] 

No 
 
No 
 
No 

3. All patients aged 70 
and over 
 

R2: 5.72 
 
R3: 4.63 
 
R4: 2.62 

R2: 6.00 
 
R3: 4.00 
 
R4: 3.00 

[3.00, 8.00] 
 
[2.00, 7.00] 
 
[2.00, 3.00] 

No 
  
No 
 
No 

An IQR <2 was applicable for consensus in rounds 2 and 3 (8-10 options), with 
an IQR of <1 for the final round (<5 options) 

Table 3.3 Results for patient stratification for GA (in order of mean rank 
per individual round). 
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Age Cut-off 

 
Median 

 
Z 

 
p-value 

 R3 R4   
1.All patients aged 70 
and over, and those 
who are younger with 
age-related issues or 
concerns 
 

2.00 1.00 -4.079 <0.001 

2. All patients aged 75 
and over, and those 
who are younger with 
age-related issues or 
concerns 
 

3.00 2.00 -3.608 <0.001 

3. All patients aged 70 
and over 
 

4.00 3.00 -4.094 <0.001 

Z: Wilcoxon's signed-rank test 

Table 3.4 Results of Wilcoxon signed-rank test for age cut-off 

3.3.6 Appropriate Assessment and Interventions for 
Oncology  

3.3.6.1 Screening Tools 

Consensus was not reached on the use of a shorter screening tool 

that would identify those patients who could potentially benefit from 

GA, versus those who would not.  In R2, 89% agreed that screening 

with a shorter geriatric-based measure should be instituted as 

standard practice, in order to help determine who should undergo 

full GA.  This increased to 93% in R3.  However, a number of 

stipulations were given (see Appendix 11). 

In R2, 53% of participants felt that no specific screening measure 

should be recommended, and that any measure could potentially be 

used.  The remaining 37% of the panel recommended a specific 

screening tool to identify patients who could potentially benefit from 

full GA.  Of these, four participants recommend the use of the G8 
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tool, while others recommend the use of the VES13 or G8 (n=1), ADL 

or IADL (n=1), the aCGA (n=1), SAOP (n=1) and the SHARE frailty 

instrument (n=1).   

In R3, clarity was sought on whether or not participants were satisfied 

with their recommendations of using a short screening tool, given the 

current lack of discriminative power for the commonly recommended 

tools in oncology, as articulated by many members of the expert 

panel.  Forty-nine percent of participants (a decrease of 4%) felt that 

no specific screening measure should be recommended, and that 

any measure could potentially be used.  Equally, the remaining 49% 

of the panel recommended a specific measure to identify patients 

who could potentially benefit from full GA.  Six participants chose not 

to answer this question.  

In R4, this question was further explored.  Fifty percent of participants 

(an increase of 1%) felt that no specific screening measure should be 

recommended, and that any measure could potentially be used.  

Forty percent of the panel recommended a specific measure to 

identify patients who could potentially benefit from full GA.  Of these, 

four recommended the G8, two the abbreviated CGA, and the 

remainder varied as documented below.  Four participants chose not 

to answer this question. 

Only the top three screening options were presented in the final round 

in an effort to force consensus.  The abbreviated CGA (aCGA) was 

ranked highest overall, however it did not achieve consensus.  As the 

degree of familiarity with the screening tools under consideration was 

specific to the field of geriatric oncology, and many of the tools were 

relatively new by comparison to other GA domains, subgroup 

analysis of the SIOG affiliated group was also carried out.  This 

analysis of the SIOG affiliated group indicated an overall preference 
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for the G8 screening tool, but this did not reach consensus. However, 

there was consensus among the SIOG group in R3 and R4 regarding 

the lower ranked (3rd place) VES-13, with a mean rank of 2.13 and 

IQR of 1.  See Table 3.5 for further details. 

 

Screening  
Tool 

Round (Group) Mean  Median Interquartile 
Range 

Consensus 
(R4 
All:W=0.002, 
2df, p=0.957;  
R4 
SIOG:W=0.016, 
2df, p=0.779) 

1. aCGA R2 (All):      
R2 (SIOG):  
R3 (All):      
R3 (SIOG):  
R4 (All):      
R4 (SIOG):  

4.14 
3.44 
3.69 
4.06 
1.96 
2.00 

3.00 
2.50 
3.00 
3.00 
2.00 
2.00 

[1.00, 7.00] 
[1.00, 4.50] 
[1.00, 4.50] 
[1.50, 6.00] 
[1.00, 3.00] 
[1.00, 3.00] 

No 
No 
No 
No 
No  
No  

2. G8 R2 (All):      
R2 (SIOG):  
R3 (All):      
R3 (SIOG):  
R4 (All):      
R4 (SIOG):  

3.62 
2.50 
2.92 
2.47 
2.00 
1.88 

3.00 
2.00 
2.00 
2.00 
2.00 
1.50 

[1.00, 5.00] 
[1.00, 3.00] 
[1.00, 4.00] 
[1.00, 3.00] 
[1.00, 3.00] 
[1.00, 3.00] 

No 
Yes 
No 
Yes 
No 
No 

3. VES-
13 

R2 (All):      
R2 (SIOG):  
R3 (All):      
R3 (SIOG):  
R4 (All):      
R4 (SIOG):  

3.62 
3.17 
2.73 
2.53 
2.04 
2.13 

3.00 
2.50 
2.00 
2.00 
2.00 
2.00 

[2.00, 4.00] 
[2.00, 4.00] 
[1.75, 3.25] 
[2.00, 3.00] 
[1.00, 3.00] 
[2.00, 3.00] 

No 
No 
No 
Yes 
No 
Yes 

Others under 
consideration 

Groningen Frailty Indicator (GFI), functional status, objective 
physical performance (OPP), self-rated health, ECOG performance 
status, Karnofsky performance status, Cancer and Aging Research 
Group (CARG), Chemotherapy Risk Assessment Scale for High-Age 
Patients (CRASH), self-rated health 

Please note that consensus was defined as an IQR of 2 for rounds 2 and 3, and 
1 for Round 4 (as only 3 items presented to participants in final round) 
Subgroup analysis of the SIOG affiliated group is also presented  

Table 3.5 Best choice of screening tool in oncology (in order of 
preference: 1=1st place etc) 
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Wilcoxon's signed-rank test was used to test stability of responses 

by analysing whether there was any statistical difference in 

participants' responses from R3 to R4.  Taking all of the 

participants' rankings as a whole, their views on the relative ranking 

of screening tools did not change significantly between rounds, 

indicating good stability for the G8 and VES-13. However, the 

relative ranking of the aCGA did change significantly, as indicated 

by a z score of -2.818 (p=0.005).  This did not achieve consensus.  

Details of the results of Wilcoxon's test are provided in Table 3.6 

below. 

Screening 
Tool 

Median Z p-
value 

 R 3 R 4   

 
aCGA 
 

 
3.00 

 
2.00 

 
-2.818 

 
0.005 

 
G8 
 

 
2.00 

 
2.00 

 
-1.706 

 
0.088 

 
VES-13 
 

 
2.00 

 
2.00 

 
-1.628 

 
0.103 

Z: Wilcoxon's signed-rank test 

Table 3.6 Results of Wilcoxon signed-rank test for screening tools 

Statistical tests for concordance and intergroup variability proved 

insignificant for the selection of screening tools. 

3.3.6.2 Geriatric Assessment and Interventions 

A recent systematic review [40] was used as the basis for selection 

of relevant GA domains in oncology, which were used for this Delphi 

study.  Panellists were also invited to contribute other domains and 

assessments.  The importance of each domain was ranked in each 
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round, as can be seen in Table 3.7.  For the final round, W was 

calculated (W = 0.427) and found to be statistically significant 

(p < 0.001), indicating moderate agreement among the expert panel 

in relation to the importance of each domain. 

Kruskal Wallis tests found a statistically significant difference 

between the four subgroups, only in relation to social support status 

(H=11.35, 3 df, p=0.01).   Significant difference in mean rank was 

found between the SIOG group and radiation oncology (H=9.053, 1 

df, p=0.003).  Radiation oncology ranked this aspect of GA much 

lower (mean=5.08) than their SIOG colleagues (mean=14.97). 

Overall, panellists rated functional status (subjective and objective 

measures) as the most important domain in influencing oncology 

decisions, followed by comorbidities and cognition.  Other domains 

did not reach consensus in relation to overall importance. Wilcoxon's 

signed-rank test (Table 3.8) was used to test stability of responses 

by analysing whether there was any statistical difference in 

participants' responses from R3 to R4.  Taking all of the participants' 

rankings as a whole, their views on the relative ranking of each 

domain did not change significantly between rounds, indicating good 

stability for the items reaching consensus.  It was relatively unstable 

for other items, not reaching consensus. 
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Domain and Rank Round Mean 
Rank 

Median Interquartile 
Range  

Consensus 
[R4:W=0.427, 
8df, p<0.001] 

1. Functional status R2: 
 
R3: 
 
R4: 
 

8.91 
 
9.23 
 
9.31 

10.00 
 
10.00 
 
10.00 

[8.00, 10.00] 
 
[8.25, 10.00] 
 
[9.00, 10.00] 

Yes 
 
Yes 
 
Yes 
 

2. Objective 
physical 
performance status 

R2: 
 
R3: 
 
R4: 
 

8.52 
 
8.70 
 
8.82 

9.00 
 
9.00 
 
9.00 

[7.25, 10.00] 
 
[8.00, 10.00] 
 
[8.00, 10.00] 

No 
 
Yes 
 
Yes 

3.Comorbidities R2: 
 
R3: 
 
R4:  

8.07 
 
8.60 
 
8.74 

9.00 
 
9.00 
 
9.00 

[6.25, 10.00] 
 
[7.25, 10.00] 
 
[8.00, 10.00] 

No 
 
No 
 
Yes 

4. Cognitive status R2: 
 
R3: 
 
R4:  

8.79 
 
8.98 
 
8.54 

9.00 
 
9.50 
 
9.00 

[8.00, 10.00] 
 
[8.00, 10.00] 
 
[8.00, 10.00] 

Yes 
 
Yes 
 
Yes 

5.Nutritional status R2: 
 
R3: 
 
R4:  

7.66 
 
7.75 
 
7.59 

8.00 
 
8.00 
 
8.00 

[7.00, 9.00] 
 
[6.00, 9.00] 
 
[6.00, 9.00] 

Yes 
 
No 
 
No 

6.Social support 
status 

R2: 
 
R3: 
 
R4:  

6.93 
 
7.03 
 
7.38 

7.00 
 
8.00 
 
8.00 

[6.00, 9.00] 
 
[6.00, 9.00] 
 
[6.00, 9.00] 

No 
 
No 
 
No 

7.Polypharmacy R2: 
 
R3: 
 
R4: 

6.82 
 
6.88 
 
6.77 

7.00 
 
7.50 
 
7.00 

[5.00, 9.00] 
 
[5.00, 9.00] 
 
[5.00, 9.00] 

No 
 
No 
 
No 

8.Psychological 
status - depression 

R2: 
 
R3: 
 
R4: 

6.48 
 
6.30 
 
6.54 

6.00 
 
7.00 
 
7.00 

[5.00, 8.00] 
 
[5.00, 8.00] 
 
[5.00, 9.00] 

No 
 
No 
 
No 

9.Psychological 
status - anxiety 

R2: 
 
R3: 
 
R4: 

6.02 
 
6.13 
 
6.03 

6.00 
 
7.00 
 
6.00 

[4.25, 8.00] 
 
[4.00, 8.00] 
 
[5.00, 8.00] 

No 
 
No 
 
No 

Table 3.7 Importance of each domain in rank order (1=1st place etc.)  
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Domain 

 
Median 

 
Z 

 
p-value 

 R3 R4   
1. Functional status 10.0 10.0 -0.486 0.627 
2. Objective physical 
performance status 

9.00 9.00 -0.528 0.598 

3.Comorbidities 9.00 9.00 -1.101 0.271 
4. Cognitive status 9.50 9.00 -0.956 0.339 
5.Nutritional status 8.00 8.00 -2.610 0.009 
6.Social support status 8.00 8.00 -3.135 0.002 
7.Polypharmacy 7.50 7.00 -3.993 <0.001 
8.Psychological status - 
depression 

7.00 7.00 -1.018 0.309 

9.Psychological status - 
anxiety 

7.00 6.00 -4.030 <0.001 

Z=Wilcoxon's signed-rank test 

Table 3.8 Results of Wilcoxon signed-rank test for the relative 
importance of each domain 

Consensus was reached on the optimal assessment method and 

interventions required for the commonly employed domains of GA, 

apart from polypharmacy assessment.   

Table 3.9 outlines the consensus achieved for selected domains of 

GA in oncology, including the round(s) in which consensus was 

reached.  There was significant agreement among the expert panel 

with respect as to how they ranked the relative importance of each 

assessment and intervention.  There was no consensus regarding 

polypharmacy assessment, but the expert panel agreed that 

geriatricians should be consulted regarding management of 

medications.   The strength of agreement varied from weak 

agreement (functional status, nutritional status and depression 
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assessments), to moderate (interventions for comorbidities, social 

support and anxiety/depression) to strong (cognition, comorbidities 

and nutritional status assessments).  See Table 3.9 for further details.  

There were no significant differences in the Kruskal-Wallis H-test 

results for items reaching consensus, thereby indicating expert 

agreement in variable ranking among the four professional 

subgroups. 
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Functional Status Assessment [R3 W=0.266, 8df, p<0.001] 
Item Mean    

Rank 
Median Mode Interquartile 

Range  
Consensus 

1. ADL/IADL in 
combination 

R3: 
1.86 

1.00 1.00 [1.00, 2.00] Yes  

Functional Status Interventions [R4 W=0.189, 2df, p=0.001] 
1. Physiotherapy 
referral 

R4: 
1.59 

1.00 1.00 [1.00, 2.00] Yes 

Physical Performance Impairment:  Assessment (R4 W=0.267, 2df, p<0.001) 
1. Timed Up and Go 
(TUG) 

R4: 
1.67 

1.00 1.00 [1.00, 2.00] Yes 

Physical Performance Impairment:  Interventions (R3 W=0.266, 8df, p<0.001) 
1. Physiotherapy 
Referral 

R3: 
1.24 

1.00 1.00 [1.00, 1.00] Yes  

Cognitive Status:  Assessment (R3 W=0.667, 14df, p<0.001) 
1. Mini Mental 
State. Examination 
(MMSE) 

R3: 
1.55 

1.00 1.00 [1.00, 2.00] Yes  

Cognitive Status:  Interventions (R4 W=0.222, 2df, p=0.001) 
1. Geriatrician 
referral 

R4: 
1.46 

1.00 1.00 [1.00, 2.00] Yes 

Co-morbidities:  Assessment (R3 W=0.662, 4df, p<0.001) 
1. Charlson 
Comorbidity Index 

R3: 
1.53 

1.00 1.00 [1.00, 2.00] Yes  

Co-morbidities:  Interventions (R3 W=0.356, 2df, p<0.001) 
1. Geriatrician 
Referral  

R3: 
1.43 

1.00 1.00 [1.00, 2.00] Yes 

Polypharmacy:  Assessment (R4 W=0.003, 2df, p=0.90) 
1. List of 
Medications 
 

R4: 
1.95 

2.00 1.00 [1.00, 3.00] No 

Polypharmacy:  Interventions ( R4 W=0.186, 2df, p=0.001) 
1. Geriatrician 
Referral 

R3: 
1.54 

1.00 1.00 
 

[1.00, 2.00] Yes 

Nutritional Status:  Assessment (R4 W=0.203, 2df, p=0.002) 
1. Mini Nutritional 
Assessment (MNA) 
Short form 

R4: 
1.50 

1.00 1.00 [1.00, 2.00] Yes 

Nutritional Status:  Interventions ( R3 W=0.605, 1df, p<0.001) 
1. Dietician Referral R3: 

1.11 
1.00 1.00 [1.00,1.00] Yes  
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Social Support Status:  Assessment (R3 W=0.732, 3df, p<0.001) 
Item Mean    

Rank 
Median Mode Interquartile 

Range  
Consensus 

1. Patient 
History/caregiver 
interview 

R3: 
1.27 

1.00 1.00 [1.00, 1.00] Yes  

Social Support:  Interventions (R3 W=0.309, 4df, p<0.001) 
1. Social work 
referral 

R3: 
1.57 

1.00 1.00 [1.00, 2.00] Yes 
 

Anxiety:  Assessment (R3 W=0.345, 2df, p<0.001) 
1. Patient history/ 
Interview 

R3: 
1.62 

2.00 1.00 [1.00, 2.00] Yes 
 

Anxiety:  Interventions (R3 W=0.492, 5df, p<0.001) 
1. Referral to a 
Psychiatrist/ 
Psychologist 
/Cognitive 
Behavioural 
Therapy 

R3: 
1.63 

1.00 1.00 [1.00, 2.00] Yes 

Depression:  Assessment (R3 W=0.117, 3df, p=0.006) 
1. Geriatric 
Depression Scale 
(GDS) Short form 

R3: 
1.86 

2.00 1.00 [1.00, 2.00] Yes 

Depression:  Interventions (R3 W=0.451, 5df, p<0.001) 
1. Referral to a 
Psychiatrist 
/Psychologist 
/Cognitive 
Behavioural 
Therapy 

R3: 
1.50 

1.00 1.00 [1.00, 2.00] Yes 

Kendall’s W is also indicated for each domain 

Table 3.9 Top 3 assessments and interventions for older patients with 
cancer (in order of preference) 

 

 



 

Chapter 3 

 

 

112 

 

Wilcoxon's signed-rank test was used to test stability of responses by 

analysing whether there was any statistical difference in participants' 

responses from the final two rounds where consensus was achieved.  

Taking all of the participants' rankings as a whole, their views on the 

relative ranking of assessments did not change significantly between 

rounds, indicating good stability for the assessments that were 

agreed upon as the basis for GA in oncology. However, the relative 

ranking of nutritional status assessment did change significantly, as 

indicated by a z score of -2.389 (p=0.017).   

Finalising interventions for each domain showed greater instability, 

as indicated by significant z scores for most of the interventions 

agreed upon in the final round.   

Details of the results of Wilcoxon's test for assessments and 

interventions are provided in Tables 3.10 and 3.11, respectively. 
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Assessment Rounds in 
which 

consensus 
was reached 

Rx Ry 

   

 Mdn 
Rx  

Mdn 
Ry 

Z p-
value 

Functional 
Status: 
ADL/IADL in 
combination 

R2 R3 1.00 1.00 -0.894 0.372 

Physical 
Performance: 
TUG 

R3 R4 2.00 1.00 -0.827 0.408 

Cognition: 
MMSE 

R2 R3 1.00 1.00 -1.469 0.142 

Comorbidity: 
Charlson 
Comorbidity 
Index 

R2 R3 1.00 1.00 -1.667 0.096 

Polypharmacy: 
List of 
medications 

R3 R4 2.00 2.00 -0.775 0.439 

Nutritional 
Status: MNA 
Short Form 

R3 R4 2.00 1.00 -2.389 0.017 

Social Support: 
Patient/ 
caregiver 
interview  

R2 R3 1.00 1.00 -1.604 0.109 

Anxiety: Patient 
history/ 
interview 
(anxiety) 

R2 R3 2.00 2.00 0.000 1.000 

Depression: 
GDS Short 
Form 

R2 R3 1.00 2.00 0.000 1.000 

Table 3.10 Results of Wilcoxon signed-rank test for assessments 
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Intervention Rounds in 
which 

consensus 
was 

reached 
Rx Ry 

   

 Mdn 
Rx 

Mdn 
Ry 

Z p-
value 

Functional Status: 
Physiotherapy 
referral 

R3 R4 2.00 1.00 -2.074 0.038 

Physical 
Performance: 
Physiotherapy 
referral 

R2 R3 1.00 1.00 -2.691 0.007 

Cognitive 
Impairment: 
Geriatrician Referral 

R3 R4 1.50 1.00 -2.003 0.045 

Comorbidity:  
Geriatrician Referral 

R2 R3 1.00 1.00 -0.711 0.477 

Polypharmacy:  
Geriatrician Referral 

R2 R3 1.00 1.00 -0.876 0.381 

Nutritional status: 
Dietician Referral 

R2 R3 1.00 1.00 -0.577 0.564 

Social support: 
Social Work Referral 

R2 R3 1.00 1.00 -1.628 0.103 

Anxiety: Referral to 
a Psychiatrist/ 
Psychologist 
/Cognitive 
Behavioural Therapy 

R2 R3 1.00 1.00 -2.232 0.026 

Depression: 
Referral to a 
Psychiatrist/ 
Psychologist 
/Cognitive 
Behavioural Therapy 

R2 R3 1.00 1.00 -0.254 0.799 

Table 3.11 Results of Wilcoxon signed-rank test for interventions 
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3.3.6.3 Who Should Carry Out GA? 

In R2, clear consensus existed for most items with regard to who 

could carry out the assessment, apart from polypharmacy and 

psychological status.  In R3, stability was maintained for all items, but 

nutritional status did not meet consensus at 65%, compared to 68% 

in R2.  Only these domains were represented in R4.  Finally in R4, it 

was agreed that any healthcare professional with sufficient training 

could undertake nutritional assessment, but not assessment of 

polypharmacy or psychological status (see Table 3.12 below). 

Domain R2 R3 R4 
 

Functional Status Yes 
(98%)* 

Yes 
(93%)* 

- 

Objective Physical 
Performance 

Yes 
(98%)* 

Yes 
(88%)* 

- 

Cognitive Status Yes 
(80%)* 

Yes 
(73%)* 

- 

Comorbidity Yes 
(73%)* 

Yes 
(68%)* 

- 

Polypharmacy No (57%) No (53%) Yes (43%) 
Nutritional Status Yes 

(68%)* 
Yes (65%) Yes 

(82%)* 
Social Support Status Yes 

(82%)* 
Yes 
(85%)* 

- 

Psychological Status No (52%) Yes (53%) Yes (56%) 

[Consensus items *] 

Table 3.12 Can any healthcare professional perform this assessment? 
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3.4 Discussion 

Currently, formal GA tools are rarely employed by oncologists, not 

only in Ireland, but internationally.  Underutilisation of GA may be due 

to the lack of consensus in relation to the application of geriatric 

assessments and interventions in oncology, as well as the lack of 

level 1 evidence for the efficacy of this approach.  The current Delphi 

study aimed to gain consensus from an expert panel of national and 

international stakeholders regarding the optimal assessment 

methods in oncology.   

Strengths of the Delphi technique include a contribution to 

participant’s knowledge base through the use of multiple rounds, 

promotion of decision-making, and achieving consensus on topics 

where little empirical evidence exists [298, 309]. It is an inexpensive 

way to share knowledge from various experts and stakeholders, from 

various countries, for whom face-to-face meetings would not be 

possible [298] It is for these reasons that the Delphi technique was 

used in this study. 

The expert panel employed, included a diversity of participants, 

which can assist in the reduction of bias [310] and the development 

of a geriatric oncology programme that was inclusive of all relevant 

stakeholders.  The range of Irish stakeholders included reflected 

those who would potentially be implementing a geriatric oncology 

service, which brought a level of "authenticity" to the process, which 

would not have been achievable through the use of the SIOG panel 

alone [311].  

The panellists in this study clearly identified the criteria that should 

be included in a clinical geriatric oncology programme.  Patient 

stratification and essential assessments and interventions to be 
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included were identified through expert consensus. As the panellists 

in this study vocalised, the current evidence base in geriatric 

oncology (rated 4/10) is insufficient to advise on the optimal 

assessment of older oncology patients, and guidance of an expert 

panel with related expertise is an appropriate alternative.   

Content validity is ensured in Delphi studies when the expert panel 

has appropriate expertise and clinical experience [312].  As geriatric 

oncology is considered to be a specialised area, selection of this 

expert panel was well considered, and included contributions from a 

wide range of experts.  Overall, during the consultation process, 

attrition rates were low, ensuring the validity of the final results [282, 

313].   

Poor response rates and attrition pose a substantial risk to the 

success of Delphi studies [283, 298], owing to the need for repeated 

rounds.  This may lead to concerns about the validity of the results of 

the consensus process [308].  Some attrition is to be expected as the 

study progresses, especially with a four round process [311].  

However, for the current study, response rates were consistent 

across rounds (R1 n=49, R2 n=44, R3 n=44 and R4 n=40).  The 

response rate was highest in R1, which was the most time-

consuming for participants to complete, with the associated 

demographics survey included in this round.  There was a slight drop-

off in responses to the final round, which was the critical decision 

stage for many items.  A response rate of 70% is recommended 

throughout the Delphi process, in order to maintain validity [282, 314, 

315]. The response rates in the current study were 100%, 90%, 90% 

and 82% for rounds 1, 2, 3 and 4, respectively, thus maintaining the 

rigour of the Delphi technique. 
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There is large variation in defining consensus in Delphi studies [316].  

Consensus for Likert data is often calculated by using the 

interquartile range (IQR) [276, 292, 303], which measures the 

variability of responses.  A lower IQR signifies less dispersion in 

participant ratings.  It is widely accepted as an objective and rigorous 

method of defining consensus in Delphi studies [292, 304].  The 

repetition in subsequent rounds, of items that had reached 

consensus in previous rounds, was an important aspect of the Delphi 

process.  This allowed participants to reconsider their answers in light 

of guidance from other members of the expert panel [317].  

Examining the IQR for most items under consideration demonstrated 

that the IQR decreased from R2 to R4, indicating that convergence 

of opinion was very strong.  However, it must be borne in mind that 

for many items consensus was “forced” in the final round by only 

presenting the top three items.  It is very obvious when looking at the 

IQR ratings for screening tools from round to round that there was 

dissensus.  This did not improve in the final round.  This can be as 

revelatory in Delphi studies, as a high level of consensus is [292] and 

certainly reflects the lack of acceptability with relation to a screening 

tool for geriatric oncology [61], as discussed below.   

Kendall’s coefficient of concordance (W) is commonly used in Delphi 

studies, in order to measure the degree of consensus among experts 

[305].  Kendall's W ranges from 0 (no agreement) to 1 (complete 

agreement).  A high and significant W means that participants are 

applying the "same standard in judging the importance of the issues" 

[305, 306].  The Kendall's coefficient of concordance was carried out 

on the final round in which consensus and stability had been 

established.  Application of this test to the final round data found that 

there was mostly moderate agreement on the finalised list of items 

for implementation of geriatric oncology.  Again, the rating of 

screening tools showed relative disagreement (W=0.002, p=0.779).  
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Strong agreement can be difficult to achieve in heterogeneous Delphi 

panels, with different disciplines thinking about the feasibility of 

implementation in their own clinical setting [271, 287].   

Group stability in this study was measured using the Wilcoxon 

matched-pairs signed rank test, which indicates the internal reliability 

of results [291].  Measuring stability shows whether there was a 

change in responses from one round to the next [291].  Taking all of 

the participants' rankings as a whole, their views on the relative 

ranking of assessments did not change significantly between rounds, 

indicating good stability for the assessments that were agreed upon 

as the basis for GA in oncology.   Finalising interventions for each 

domain showed greater instability, however, as indicated by 

significant z scores for most of the interventions agreed upon in the 

final round.   Likewise, the selection of an age cut-off for GA and 

screening tools also showed relative instability. This highlights the 

importance of examining consensus and stability separately, as they 

assess two different concepts [316].  For example, while consensus 

was reached on a suitable age cut-off for GA, participants’ ratings on 

this item were inconsistent and unstable.   

The term GA, is a derivative of CGA, which has been defined as “a 

multi-dimensional, interdisciplinary, diagnostic process to identify 

care needs, plan care, and improve outcomes of frail older people” 

[89].  The core components of CGA include an assessment of 

physical health (comorbidities and associated medications), 

functional status (ADLs, IADLs and mobility), psychological health 

(including cognition and mood), as well as socioenvironmental 

factors (social supports, home safety etc.).   Fundamental to CGA is 

the development of a treatment plan and associated implementation 

of interventions for remedial care of identified deficits, and it is this 

aspect that is often not reported in the geriatric oncology literature 
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[318].  This may offer an explanation for the instability found in the 

definition of interventions for each domain in the current study.  The 

term GA is widely used in the geriatric oncology literature, and indeed 

is advocated by SIOG [79].  It usually reflects a shorter assessment 

in oncology ranging from 10 to 45 min, compared to geriatric 

medicine where it would typically take 1-2 hours.  Some academics 

would argue that the term GA is inaccurate and that selected domains 

of assessment, or screening be used instead [318]. 

The first task of the expert panel was definition of an age cutoff for 

routine referral for GA.  An age cutoff for older adults with cancer is 

difficult to define due to the considerable heterogeneity in the ageing 

process.  Some organisations, such as SIOG [79] and the EORTC 

[81] use an age cut-off of 70, others use 65 [319].  The European 

Medicines Agency [320] considers 65 years of age as a cut-off for the 

definition of “old”, from a regulatory perspective.  In the current study, 

consensus was finally reached in R4 that all patients over the age of 

70, and those who are younger with age related issues or concerns, 

should be referred for GA.  In the final round the overall level of 

agreement was good (W=0.452, p<0.001). The expert panel may 

have been reluctant to provide an age cut-off in previous rounds, as 

it contradicts the basic principle on which geriatric medicine is 

founded i.e. definition of physiological age, rather than chronological 

age.  In the words of one participant, “it is pragmatic to choose an 

age above which the incidence of issues is high enough for a routine 

policy, but this should not preclude the younger patients being 

assessed. To some degree the choice of age should reflect local 

patterns of age related problems.” This comment is in line with SIOG 

recommendations at the time of the study [79] which may have 

biased the results, given the relatively large proportion of SIOG 

affiliated members.  Another factor to consider when defining an age 

threshold, and something to investigate in future larger studies, is the 



 

Chapter 3 

 

 

121 

 

need to acquire objective data on the proportion of prefrail and frail 

patients per age category to inform decision making in oncology.  

This could highlight important site-specific differences, and also 

depend on the aggressiveness of selected treatment.   Population 

based data are important in definitively selecting an age threshold for 

GA.  

Consensus was not reached on the use of a shorter screening tool 

that would identify those patients from an oncology clinical practice 

who could potentially benefit from GA, versus those who would not.  

However, there was consensus among the SIOG panel in relation to 

the VES-13, although this was ranked the lowest of the three options 

presented in the final round.  It may suggest suitability in the absence 

of alternatives, and reflects the literature in this area which has yet to 

reveal a tool sufficiently sensitive and specific enough for use in 

oncology [61].  A GA is time-consuming and resource intensive, 

which is one of the recognised barriers to the more widespread 

implementation of geriatric oncology.  To mitigate this, a number of 

studies have been conducted, focussing on screening tools that may 

be used to distinguish fit older patients who are able to tolerate 

standard treatment versus those who may be considered more 

vulnerable or frail [35, 321, 322] The majority of the expert panel felt 

that screening should be implemented, but were divided 

approximately 50:50 between those who would recommend a 

particular screening tool, versus those who could not identify an 

appropriate choice.  In a 2012 systematic review [61], Hamaker and 

colleagues concluded that none of the currently available frailty 

screening methods have sufficient sensitivity or specificity for 

predicting outcome on GA.  Many of the screening tools included in 

the Hamaker review were rated by the expert panel, who failed to 

reach consensus.  While the pursuit of a shorter screening tool is 

worthwhile, especially for centres lacking dedicated geriatric 
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oncology services, its investigation may be premature in some 

respects.  Many of the current screening tools are broadly based on 

one or more domains of GA e.g. the G8 is mainly based on nutritional 

status, while the VES-13 is based on functional status.  Greater 

knowledge of the impact of these individual domains on patient 

outcomes in oncology is needed for various patient groups and 

endpoints of interest. 

The lack of consensus regarding which domains to be included in a 

GA, and what assessments and interventions should be used, was 

identified as one of the main barriers to advancing the field of geriatric 

oncology at the current time [40].  This Delphi study aimed to address 

that with the rating of all domains identified by the expert panel as 

relevant, and selection of appropriate assessment tools.   Consensus 

was reached on all GA assessments and interventions considered to 

be important, apart from polypharmacy assessment, with significant 

agreement achieved, and no individual differences between the 

professional subgroups.  It could be argued that continuation of the 

study to a fifth round may have secured consensus for items such as 

polypharmacy, or use of a screening tool.  There are no guidelines in 

relation to the optimal number of Delphi rounds that should be 

employed in a study of this kind, but generally four is a maximum 

[281].  It is advised to exercise caution with excessive rounds, at the 

expense of expert panel attrition [274, 282].  Due to the repetitive 

nature of this study, and the substantial time demands required, it 

was deemed appropriate to only use four rounds, in order to minimise 

respondent fatigue.  Other studies have used a modified Delphi 

approach, with the integration of a face-to-face meeting, with 

subsequent ranked rounds.  As a multinational expert panel was 

employed in the current study, this was not feasible.  However, there 

are also recognisable limitations to face-to-face meetings, due to the 

dominance of certain individuals [323], different personalities [324], 
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as well as time limitations.  The Delphi method affords other 

advantages such as anonymity [284], democracy [325] and 

structured conformity [312].  A comparison of both the Delphi method 

and the nominal group technique highlighted greater consensus and 

depth of understanding for the latter, but much higher reliability for 

the Delphi method [326].  This reliability can be further enhanced by 

the use of appropriate, standard feedback [327] as well as multiple 

professional groups, both illustrated in this study, where subset 

analysis was used as appropriate. 

A number of “voting” methods were used in the current study, 

depending on the type of information sought e.g. yes/no responses, 

versus ordinal scales, with different definitions of consensus applied.  

This may also have affected the inability to reach agreement on some 

items, however it must be acknowledged that dissensus is equally 

meaningful [292].  Defining consensus is one of the most contentious 

aspects of the Delphi method, and its measurement varies greatly in 

the literature [316, 328]. The more stringent the criteria, the more 

difficult it is to achieve consensus among the expert panel, while less 

stringent criteria can also limit the meaningfulness of the consultation 

process. In addition to measuring consensus, it is also important to 

measure the relative strength and stability of that agreement, for 

which Kendall’s W and Wilcoxon’s signed rank test [305] may be 

used, as calculated in this study.  

The final assessment and intervention algorithm may be considered 

a minimum dataset, but importantly, it is not all-inclusive.  There are 

additional domains that would greatly benefit patients from a holistic 

care perspective, if time and resources permitted e.g. spiritual care, 

sexuality issues, quality of life, amongst others. The EORTC Elderly 

Task Force (ETF) has previously established an Elderly Minimal 

Dataset (MinDS) with the proposed aim of harmonisation of data 



 

Chapter 3 

 

 

124 

 

collection with regard to geriatric oncology studies.  This included four 

elements, the Instrumental Activities of Daily Living (IADL), Charlson 

Comorbidity Index (CCI), G8 (Geriatric-8) Screening Tool (which 

includes a set of questions from the Mini Nutritional Assessment 

(MNA)) and social status.  Apart from the G8, all of these have been 

selected by the expert panel, in addition to the following:  Activities of 

Daily Living (ADLs), Mini Mental State Examination (MMSE), Timed 

Up and Go test (TUG), MNA and psychological assessment using 

patient interview and the Geriatric Depression Scale (GDS).  The 

scope of a GA will therefore be broader than the EORTC’s MinDs.   

In relation to the relative importance of each domain, functional status 

was rated as the most important, followed by comorbidities and 

cognition.  This is reflected by the literature to date [176, 264, 329, 

330].  However, lower ranked domains, such as psychological status 

are also important.   Studies suggest that older age may not 

predispose to increased anxiety levels in patients with cancer, but 

may be associated with higher rates of depression [331].  Depressive 

symptoms have been associated with poorer outcomes [332, 333], 

and even a higher suicide risk [334]. The evidence is growing that 

resilience [335], defined as the ability to maintain or restore stable 

psychological and physical functioning, is more important than 

depression or psychological deficits, per se.  Some studies suggest, 

especially in older adults, that a large proportion of those who 

experience serious illnesses, such as cancer, report high levels of 

QoL, following their diagnosis and treatment [336].  This 

phenomenon has been variously described as personal or 

posttraumatic growth [337, 338], adaptation [339], positive illusions 

[340], thriving [341], or benefit finding [342].  Perhaps clinicians rated 

psychological outcomes lower for this reason. 
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A measure of resilience was not discussed in the current study, but it 

has been linked to QoL and survival in patients with cancer.  Further 

studies are needed to examine the impact of psychological distress 

and outcomes of older patients with cancer, as well as the relative 

importance of GA domains in decision making in oncology.  

Polypharmacy was also rated lower than other domains, even though 

it has been identified as a significant cause of adverse drug events, 

greater hospital admission rates, reduced quality of life and increased 

falls risk in older patients in the acute care setting [343-345].  

However, there are little data to date regarding polypharmacy and its 

potential effects in cancer patients.  Shedding light on this little known 

area, Maggiore et al [140], in a recent study of 500 patients, found 

that polypharmacy and potentially inappropriate medication use were 

common in older adults with cancer, but not associated with 

additional morbidity or hospitalisation. 

Many assessment methods for comorbid illnesses are available, and 

no gold standard exists [127, 129].  The Charlson Comorbidity Index 

(CCI) [130], was recommended in the consensus outcomes of the 

current study, and is the most frequently cited index in the published 

literature.  However, other approaches also have merit.  The 

Cumulative Illness Rating Scale (CIRS) classifies comorbidities by 

organ system and rates them according to their severity (0-4) [132].  

The original version was subsequently modified to better reflect the 

older patient, in the form of the Cumulative Illness Rating Scale for 

Geriatrics (CIRS-G) [133]. Compared to the CCI, the CIRS-G is 

considered more sensitive, as all coexisting comorbid conditions are 

recorded, and it appears to provide more prognostic information [134, 

135].  It is, however, more time-consuming than the CCI and 

assessment by specifically trained personnel is recommended.  A 

further option, discussed during the Delphi process, was the the Adult 

Comorbidity Evaluation-27 (ACE-27) index [138].  The ACE-27 is a 
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validated instrument that captures comorbidities for cancer patients 

and grades severity at the time of diagnosis [139].   In total, twenty-

seven conditions were identified, based on previous research, as well 

as clinical judgement, building on the original Kaplan–Feinstein Index 

(KFI) which grouped conditions into 12 categories, with a severity 

rating applied for each one [137].  The original KFI was modified, by 

adding several health conditions (diabetes, HIV/AIDS, dementia), 

creating a comorbidity index for newly diagnosed patients with 

cancer, to become the Adult Comorbidity Evaluation-27 (ACE-27) 

index. 

Interventions that were identified for deficits in each domain underline 

the importance of multidisciplinary team collaboration, particularly 

close collaborative links with the geriatric medicine team.  U.S. based 

geriatric oncologists similarly reached consensus on multidisciplinary 

input to design interventions for older adults [346].  While 

employment of a geriatrician dedicated to oncology patients is highly 

desirable, this is not always feasible.  However, the results of this 

Delphi study highlight the importance of having a geriatrician 

participate in the care of older patients with cancer and thus 

incorporating geriatricians into multidisciplinary oncology care should 

be the ultimate aim of every organisation.   

Finally, in order to implement geriatric oncology services in Ireland, a 

number of educational needs were frequently cited in the qualitative 

responses of the current study. Oncologists and healthcare 

professionals must have the underlying knowledge to assess and 

intervene in order to optimise the usage of GA in clinical practice. 

There are identified deficits in knowledge in the undergraduate 

curricula for Oncologists and allied health professionals in relation to 

GA implementation. A recent study [41] investigated the knowledge, 
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attitudes and clinical practice of Radiation Oncologist trainees in 

geriatric oncology.  This study highlighted that trainees were poorly 

informed regarding key aspects of GA tools and implementation.  

Other studies have demonstrated similar inadequacies in geriatric 

oncology competencies and medical curricula [347-350]. 

As Irish oncology services to transition to an increasingly aging 

population in the coming years, it is imperative that greater focus is 

placed on age appropriate care and preparing for these changing 

demographics.  This consultation process shed valuable light on the 

current shortcomings in services and education. 

3.5 Strengths and Limitations 

3.5.1 Advantages and Disadvantages of the Delphi 
Technique 

This first study of the doctoral thesis provided much needed insight 

into the application of commonly used GA methods to oncology 

practice.  It sought consensus where none existed, on the best 

method of GA in oncology, using an international expert panel, in 

collaboration with a national multidisciplinary panel. 

There are a number of limitations to this study. Given the 

aforementioned absence of high quality studies to date [40], the use 

of a Delphi panel is justified.  However, bias is an inherent risk in such 

an approach [282].  This may be overcome to a certain extent by the 

adoption of a heterogeneous panel [323, 351], such as the four 

groups consulted here.  In relation to the Delphi method itself, there 

are a lack of methodological guidelines and differences in the 

approaches taken, however a number of evidence-based 

approaches were taken in the current study to try to overcome this.  
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Each group added a valuable perspective for clinical practice, while 

simultaneously benefitting from the opinions of others.  However, the 

SIOG group had the greatest expertise in geriatric oncology, and the 

other groups may have been disadvantaged by a relative lack of 

experience in GA, especially the Irish oncology group. In additionr, 

the SIOG group was the larger one, in the hope that their expertise 

would prove influential in the provided feedback.  Another important 

limitation of this process is that new relevant data may have been 

published subsequent to the Delphi study, and a substantial time 

commitment from participants is required. Also, the response rate 

was low, which may also influence the results. 

The panel was mainly European-based, as a similar study was 

devised, in collaboration with the researcher, to run concurrently in 

the United States [346].  The results may therefore represent a bias 

towards European practice.   However, the fact that both studies 

yielded broadly similar results is a testimony to the reliability of the 

approach taken. 

This study did not include a face-to-face meeting, as per the modified 

Delphi approach often employed in guideline development, which 

would have facilitated greater discussion and elaboration of views.  

However, the approach used avoids the disadvantages inherent in 

group processes, where one panellist might dominate discussions 

and may unduly influence consensus [281], as previously discussed.  

While panelists agreed on the assessments and interventions that 

are important in oncology, the subsequent usefulness of the 

information provided depends on the individual organisation.  

Resources are a key concern, hence the desire to find a shorter 

screening tool to avoid lengthy consultations.  Collaboration with 

geriatric medicine colleagues is essential, and employment of at least 

one dedicated geriatrician for oncology should be a primary aim for 
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every oncology department.  However, several members of the 

expert panel have alluded to the shortage of geriatricians for this 

purpose, and there is a known shortage of geriatricians worldwide 

[352].  It must also be acknowledged that decision making in 

oncology is inherently complex, and that complexity could not be 

captured in a study of this kind.  A more detailed analysis of decision 

making in older adults warrants further investigation under more 

controlled, site-specific conditions. 

It is advisable that patients should be included as much as possible, 

as partners in the process of designing, delivering, assessing and 

improving their own care [353, 354].  However, involvement of patient 

advocates was not considered feasible in the current study. 

3.6 Conclusion 

The study provides a framework for the consensus-based 

development of geriatric assessments and interventions for oncology 

which may be extrapolated to other areas, similarly lacking in 

evidence.   

In the absence of evidence-based guidelines, this Delphi expert 

consensus on geriatric oncology design and implementation provides 

a useful template for clinicians regarding multidimensional 

assessment of older patients with cancer, although more data are 

needed to clarify the clinical efficacy of this approach.  GA as a model 

of care for patients with cancer is currently under investigation, and 

will contribute to the development of existing guidelines and 

practices.  In addition, as highlighted previously [40], the instruments 

that have been selected as part of this Delphi process were validated 

in the geriatric medicine setting, although their psychometric 

properties have yet to be established in oncology 



 

Chapter 3 

 

 

130 

 

Without level 1 evidence for the benefits of GA in oncology, one 

should still endeavour to incorporate its principal components into 

clinical practice.  There is a wealth of evidence for its benefits in the 

non-oncologic setting.  These outcomes and the provision of a more 

holistic approach to the care of older patients should be a key pursuit 

in cancer care.  

This Delphi study will help to inform the future development and 

implementation of a pilot geriatric oncology programme in Ireland, in 

Part 2 of this thesis.    
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4 Managing the Elderly in Radiotherapy 
using Geriatric AssEssment (MERGE): A 
Pilot Geriatric Oncology Clinic at Saint 
Luke’s Radiation Oncology Network 
(SLRON) 

4.1 Introduction 

The findings of the previously described Delphi study (Chapter 3) 

informed the rationale for this pilot study of the implementation of 

geriatric assessment (GA) in radiation oncology. 

In Ireland, there will be a 50% increase in the number of cancer cases 

by 2025, with 60% of these in patients aged 65 and older [355].  

Approximately 50% of these patients will require radiotherapy as part 

of their disease management [356].  This presents the radiation 

oncology community with unique challenges, especially in the face of 

unclear guidelines and limited research on the optimal approach in 

terms of caring for older patients.  

The daily nature of external beam radiotherapy over the course of a 

few weeks, depending on treatment site, is a significant undertaking 

for older patients in particular.  However, as radiotherapy is a 

localised treatment, its toxic effects are unique to the treatment site 

and modality employed, and are usually more tolerable than systemic 

treatment [357].  Depending on the area being treated, site-specific 

toxicity may be more evident in the older adult, which can impact 

quality of life, the need for treatment interruptions, and the need for 

additional supportive care or hospitalisations. For example, there 

have been concerns for the older patient when employing whole brain 
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irradiation due to the risk of neurologic sequelae, including dementia 

[358, 359].  Also, there is an increased risk of mucositis in older 

patients, especially evident when treating cancers of the head and 

neck region [143].  This can lead to symptoms such as pain and local 

discomfort, with feeding difficulties and nausea, with the 

consequential risk of nutritional impairment.  Older adults can also 

experience significant fatigue  over the course of radiotherapy 

treatment [360] . Overall, radiotherapy appears to be well tolerated in 

older adults, however [112]. 

GA has the potential to influence treatment decisions in older patients 

with cancer [186-188, 190, 361-363] with varying degrees of 

influence reported in the published literature to date, ranging from 

21% to 49% of treatment approaches, either by decreasing or 

increasing treatment intensity.  However, while a GA could greatly 

enhance the preliminary assessment of older patients and distinguish 

for whom curative-intent treatment is appropriate or not, it is widely 

recognised as resource-intensive and is not integrated into the model 

of care in Irish oncology institutions at the current time.   

The current literature on the role of GA in radiation oncology 

treatment is particularly limited. A total of twelve non-randomised 

studies were included in a systematic review by Szumacher et al  

[183]. Four studies used a screening tool only, while the remaining 

studies used a combined approach of initial screening, followed by 

GA. Two studies demonstrated a significant association between 

abnormal screening and mortality, while only one study showed that 

GA influenced treatment decision making.  Half of the studies 

included did not find an association between screening or GA, and 

treatment tolerance.  It was highlighted that the majority of these 

studies included small sample sizes. 
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Also, by comparison to medical oncology, the role of GA in 

influencing treatment decisions, and in driving interventions for older 

adults with cancer, is unclear [183].  The number of studies (RCTs) 

investigating GA-driven interventions in oncology generally, is small 

(n=9) [193], with only one study of radiation oncology by Lapid et al 

[194] from 2007.  The latter small study (n=33) of newly diagnosed 

patients with advanced cancer, planned to undergo radiation therapy, 

investigated a QoL intervention with patients randomised to either the 

intervention group or standard care.  The intervention consisted of 

eight sessions, devised to address five QoL/CGA domains, i.e. 

cognitive, physical, emotional, spiritual, and social functioning, and 

found a significant improvement in QoL scores. 

Identification of previously unknown deficits is one of the major 

advantages of frailty screening and accompanying GA, allowing 

some intervention in order to optimise patient care and potentially to 

reverse frailty.  A limited number of other, non-randomised, studies, 

exist in radiation oncology.  Goineau et al [196], in a study of 100 

localised prostate cancer patients, aged 75 and older, undergoing 

radiotherapy treatment, found no association between CGA and 

quality of life.  However, they found Instrumental Activities of Daily 

Living (IADL) impairments at baseline in approximately half of all 

patients enrolled in the study, as well as ADL impairments in 16% of 

patients.  One fifth of patients presented with cognitive decline 

(defined as MMSE<27), 31% with depressive symptoms and more 

than two-thirds with significant co-morbidities, especially 

cardiovascular comorbidities, which may affect ADT tolerance.  

Malnutrition was virtually absent, suggesting that nutrition-based 

screening tools, such as the G8 [82], would be of little relevance in 

this particular patient cohort.  Spyropoulou et al [197], in a 

radiotherapy patient population (n=230) found that patients >75 years 

with higher Vulnerable Elders Survey-13 (VES-13) [198] scores were 
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less likely to complete radiotherapy, independent of other factors that 

might affect radiotherapy completion.  VES-13 is largely based on 

functional status, an integral part of CGA.  Keenan et al [199] did not 

find any correlation between the Edmonton frailty score and 

radiotherapy toxicity.   Neve et al [200], in a small study of older head 

and neck cancer patients, also undergoing radiotherapy, found that 

patients identified as vulnerable at baseline, were less likely to 

complete radiotherapy.   

A further study [201] investigated whether an objective measure of 

physical function, the Timed Up and Go (TUG) test, as well as the 

G8, had an association with acute toxicity and ability to comply with 

treatment. This showed no relationship between the two tests and 

treatment tolerance. The other was a prospective cohort study 

focusing on patients with head and neck cancer [31], in which those 

who reported pre-radiotherapy functional limitations were more likely 

to show both reduced health-related QoL during treatment, as well 

as a longer recovery afterwards. 

These studies signal some of the potentially useful interventions for 

patients receiving radiation therapy, albeit not directly investigated or 

mentioned in most of the aforementioned studies which have 

focussed exclusively on assessment, often without mention of follow-

up care.  This area has been one of the gaps in the current literature 

in oncology generally, but more so in radiation oncology. 

Some of the ways in which GA might alter treatment decisions in 

radiation oncology include omission of concomitant chemotherapy for 

example, which contributes considerable toxicity for the patient.  

Another adaptation is altering the type and modality of radiation 

treatment offered to patients.  Although radiation therapy is usually 

well tolerated in older patients [112], hypofractionated radiotherapy 
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could be considered in older patients with poor supports, lack of 

mobility, lack of transportation, in active caregiver roles or with social 

frailty, for example.   This would limit the burden of travel for such 

patients, especially those not living adjacent to regional cancer 

centres.  This is one area where the radiotherapy service can 

facilitate the patient and afford greater convenience.  One example 

of this is in the treatment of Glioblastoma Multiforme (GBM).  For 

patients identified as elderly/frail, 25Gy in 5 fractions has been shown 

to be non-inferior to 40Gy in 15 [364], the previous standard of care 

for such patients [365].  Alternatively, the CGA may help to identify 

frail patients who are not candidates for conventional, daily 

radiotherapy but may benefit from other (curative) modalities, such 

as stereotactic body radiotherapy, with fewer hospital visits and 

potentially less toxicity [202].  Accelerated Partial Breast Irradiation 

(APBI) is another option to simultaneously limit toxicity and afford 

greater convenience for the patient [203]. APBI uses larger radiation 

doses to the localised tumour bed (as opposed to the entire breast) 

over a shorter period of time. 

Pottel et al [204] have highlighted the need for regular re-evaluation 

of CGA domains during radiotherapy as the toxicity of 

chemoradiation results in multidimensional decline, necessitating 

supportive care and intervention. Again, this highlights the need for 

ongoing assessment and appropriate interventions.    

Guidelines on best practice from the International Society of Geriatric 

Oncology (SIOG) [79], the National Comprehensive Cancer Network 

(NCCN) [78] and European Organisation for Research and 

Treatment of Cancer (EORTC) [81] have recommended GA be 

integrated into the care of older adults with cancer, for optimal patient 

management.  However, there remain many unanswered questions 

as to its efficacy and predictive power, sufficient to translate to 
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incorporation of geriatric medicine principles in many centres [366, 

367]. The current lack of high level evidence may be due to the 

complexities with regard to the conduct and interpretation of trials in 

older patients, where there may be multiple underlying factors to 

consider that may affect response to treatment [368, 369], as well as 

biological factors that change with age [370].  Many authors have 

advocated for more focussed research efforts and older-specific trial 

endpoints in order to “geriatricise” trial design [31, 371]. 

Medical Research Council (MRC) guidelines on complex intervention 

evaluation, advise a phased approach to the implementation of 

complex interventions in medicine [372]. This includes feasibility 

studies (whether the study can be carried out effectively) and pilot 

trials (a scaled down version of the trial), with the aim of optimising 

aspects of study design for consideration during a larger scale 

implementation of in the future. This ensures both internal validity in 

one’s own institution and aids external validityalso as some of the 

issues are common to both.   

Due to the complex nature of GA, and its implications for older 

patients, which involves multiple patient/healthcare contacts and 

clinical judgement as to its relevance, it was considered appropriate 

to pilot the current proposed geriatric oncology programme, before 

progression to a larger trial.  

Another difficulty in the published literature in relation to GA, lies with 

the lack of standardisation of assessment approaches to date [40].  

In order to address the current lack of consensus as to the optimal 

method of GA to be undertaken, a national consultation process and 

Delphi study were carried out seeking consensus from Irish radiation 

and medical oncologists and geriatricians, as well as a team of 

international experts in the field of geriatric oncology (Chapter 3).   
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This provides the basis and rationale for the current chapter, which 

aims to establish its clinical feasibility and significance. 

Studies to date have largely focussed on treatment decisions in 

surgical/medical oncology, with fewer studies attempting to relate GA 

assessment and outcomes to radiotherapy related endpoints, 

although some smaller studies have been carried out [200, 373]. 

In relation to the study itself, it was hypothesized that implementation 

of GA has the potential to affect patient outcomes and radiotherapy 

treatment decisions for older patients.  The results section of this 

chapter are presented in two sections.  Part 1 will focus on feasibility, 

while Part 2 will focus on patient outcomes.   

4.1.1 Study aims 

Part 1 

The primary aim of this feasibility study and two-arm, randomised 

pilot trial was to assess the feasibility of conducting an RCT on the 

effectiveness of conducting GA in older patients undergoing 

radiotherapy. 

The specific objectives were:  

1) To examine feasibility outcomes, such as recruitment, time 

and resources, as well as patient completion of study 

obligations. 

2) To describe a process designed to assist researchers in 

making the best use of the findings from this feasibility study 

to inform subsequent decisions regarding a follow-on trial. 
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3) To make recommendations on the resources required in 

order to implement these management recommendations. 

Part 2 

The secondary aim was to obtain preliminary data on the prevalence 

of geriatric impairments in an older patient population undergoing 

radiotherapy treatment and the efficacy of GA-driven interventions on 

patient outcomes (acute radiation-induced toxicity and treatment 

compliance). 

The specific objectives were: 

1) To examine the clinical characteristics of older patients with   

cancer, as part of an initial GA in the radiotherapy department 

at Saint Luke’s Radiation Oncology Network, at St. James’s 

Hospital. 

2) To evaluate the results of patient GA and identify deficits in 

various assessment domains, such as physical function, 

comorbidity, polypharmacy, nutrition, cognition and 

psychological status. 

3) To examine interventions and patterns of referral and 

subsequent management recommendations for this patient 

population during this time-frame. 
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4.2 Methodology 

4.2.1 Pilot Study Design 

A two-arm, randomised, controlled trial was chosen.   

The two treatment arms were as follows: 

• Arm 1 =Usual care.  Primary Oncologist was only 

notified with abnormal cognitive or depression 

screening results that ethically could not be withheld.  

The ability to provide informed consent for the study 

would be reassessed at this stage, if appropriate.  

Usual care does not typically include GA domains.  

• Arm 2 = Usual care plus GA results and 

recommendations.  These were conveyed to the 

primary oncologist in written form within 2 days of 

assessment completion.   

4.2.2 Participant Selection and Recruitment 

Potential participants were recruited from a single institution oncology 

outpatient clinic of participating radiation oncologists (ROs) before a 

radiotherapy treatment decision had been finalised.  This study took 

place at a Dublin radiotherapy centre (St. James’s Hospital), which 

forms part of a wider network of radiotherapy departments as part of 

Saint Luke’s Radiation Oncology Network.  The centre currently 

treats approximately 1,400 patients each year, of which 32% are 

aged 70 and older.  The majority of cases are outpatients, however 

there are some inpatient facilities also.  There is no dedicated 
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geriatrician provided for oncology, however referral pathways exist if 

required, and were defined as part of the preparatory work for this 

study.   

Study participants were screened via new patient clinic lists, and the 

study outline was provided initially by the treating RO, who referred 

interested parties to the study co-ordinator for further information and 

consent procedures.   

4.2.3 Selection Criteria 

4.2.3.1 Inclusion Criteria 

Participants were deemed eligible for the study if they met the 

following criteria at pre-screening: age >70 years old, diagnosis of 

solid tumour malignancy or lymphoma, initially planned to undergo 

radiotherapy treatment of at least 3 weeks duration (with or without 

chemotherapy), life expectancy with treatment of 6 months or greater 

(as judged by their RO), receiving follow-up care in St. James’s 

Hospital and able to provide written informed consent for the study.   

4.2.3.2 Exclusion Criteria 

Exclusion criteria were patients who were currently under the 

continuous care of a geriatrician or who had moderate/severe 

dementia, symptomatic brain metastases, or pre-existing major 

neurological or psychiatric disorders (impacting ability to consent). 

4.2.4 Pilot study procedures 

Recruitment occurred, on a part-time basis, between August 2014 

and September 2015.  
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All participants underwent GA at baseline, before randomisation to 

the intervention/control arm and before commencement of 

radiotherapy treatment planning procedures.  Randomisation 

procedures are an important aspect of any pilot study, to determine 

any issues going forward to full trial.  This is in keeping with the 

published literature [374, 375].  All face-to-face assessments were 

completed by the same individual, who was a radiation therapist with 

specific training in the methods of GA used.  The results of GA were 

relayed to the Radiation Oncologist (RO) for the intervention arm 

only, unless significant psychiatric/cognitive/other issues were 

identified.  The results of this assessment and impact on 

radiotherapeutic decision making were then noted for the intervention 

arm, including any unknown issues identified and additional referrals 

for followup/remedial care.  

4.2.5 Intervention Delivery  

Once the participants agreed to take part in the study and informed 

consent was received, all assessments were completed in a quiet 

room in the radiotherapy department of Saint Luke’s Radiation 

Oncology Network at St. James’s Hospital.  The room contained a 

desk, chairs and the appropriate space for the completion of the 

assessments, especially a 3 metre space for the performance of the 

timed up and go test (TUG).   All participants underwent GA at 

baseline during one of their planned radiation oncology appointments 

(usually the pre-treatment planning appointment), to avoid extra 

travel on days that they had no hospital appointment.  The study 

investigator conducted all assessments.  Where possible, some 

patients were able to complete self-completion questionnaires ahead 

of the schedule GA, and were asked to bring it with them on the day 

of the assessment.  GA details are listed below (Section 4.2.8). 
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A summary of GA findings was sent within two working days both in 

writing and verbally to the patient’s RO (please see Appendix 13 for 

a copy of the summary assessment template). The findings on the 

individual domains were summarised, and recommendations made 

regarding further referrals and supportive care.  Based on the GA, 

predefined evidence-based interventions deemed necessary were 

recommended and discussed with the clinician at the time of 

presentation of the findings.  These were based on the previous 

Delphi study and a corresponding US version [247].  The patient’s 

consultant reviewed the summary of the findings and the 

interventions that were recommended and agreements were made 

on the necessary referrals. Permission had been secured to contact 

the patient’s GP, and the patient was consulted if any GP referrals 

were deemed necessary.  In addition, a clinical care pathway had 

been defined for referrals to the medical gerontology department, 

based on patient need and GA outcomes. 

GA was repeated for each participant, by the study investigator, 

approximately three months after the completion of radiotherapy.  

Again, every effort was made to coincide with other scheduled 

appointments, in order to reduce the burden of travel for patients. 

4.2.6 Sample Size 

In keeping with pilot and feasibility study methodology [375, 376], no 

formal sample size calculation was performed, as the objectives 

related to recruitment, retention, feasibility and acceptability of the 

trial.   Also, there were no previous completed trials of this 

intervention in this population and investigations of changes in key 

trial parameters relating to patient outcomes and impact on decision 

making were exploratory only. The total number of participants 

recruited was small (n = 30), but consistent with recommendations 
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for feasibility studies in the published literature [376], with 

recommendations of at least 12 participants per arm [377].   

4.2.7 Blinding 

In order to reduce the risk of bias in randomised controlled trials, a 

double blind design is recommended, whereby neither the participant 

nor the researcher are aware of the allocation arm [378].  This may 

eliminate both performance and detection bias when analysing the 

outcomes measured.  However, blinding isn’t always feasible, as was 

the case in the current study, which involved interaction between the 

researcher and the patient, as well as interventions for the non-

control arm. 

4.2.8 GA Details 

As described previously, the methodological basis for the current pilot 

study was based on the results of a prior consensus process 

(Chapter 3), please see Table 4.1 for a brief summary.  The following 

sections discuss the various outcome measures used in this pilot 

study.  Please see Appendix 12 for a full version of the assessments 

used. 

Eight domains were selected as part of the GA, including functional 

status and mobility, nutrition, mood, comorbidity, cognition, number 

of medications, and social support status.
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Table 4.1 Summary of GA 

 

 

 

4.2.8.1 Functional Status 

The need for functional assistance (measured by ability to complete 

activities of daily living) is predictive of treatment toxicity and survival 

[177, 379, 380], and there are a number of ways to assess function.

DOMAIN ASSESSMENT 
TOOL  

DOMAIN ASSESSMENT TOOL 

Functional 
status  

ECOG 
ADL*  
IADL* 
Falls history* 

Social support Patient history/caregiver 
interview* 

Objective 
physical      
performance  

TUG Polypharmacy Number of total 
medications* 

Comorbidity Charlson 
Comorbidity Index 
(age-adjusted) 

Psychological 
status 

GDS* 
Patient history/interview 

Nutrition MNA-SF Cognition MMSE 

Screening tool G8 Additional  Frailty 
Measures 

Balducci criteria 
Clinical Frailty Scale 

 
ECOG PS indicates European Cooperative Oncology Group Performance Status; ADL, 
Activities of daily living; IADL, Instrumental Activities of Daily Living; .TUG, Timed Up and 
Go test; MMSE, Mini Mental State Examination; MNA SF, Mini Nutritional Assessment 
Short Form; GDS, Geriatric Depression Scale; G8, Geriatric 8. 
*Indicates eligible for self-completion 
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4.2.8.1.1 Activities of daily living (ADL)  

ADLs are measures of basic self-care. ADL independence was 

assessed using the Katz Index of Independence in Activities of Daily 

Living [381], commonly referred to as the Katz ADL, which is the most 

commonly used instrument to assess functional status as a 

measurement of the person’s ability to perform activities of daily living 

independently. Clinicians typically use the tool to detect problems in 

performing activities of daily living and to plan care accordingly. The 

index ranks adequacy of performance in the six basic functions of 

bathing, dressing, toileting, transferring, continence, and feeding. 

Patients are scored yes/no for independence in each of the six 

functions. Continence is usually considered an impairment, rather 

than a disability, and it is not taken into account to measure ADL 

limitations [382].This is especially important for patients on active 

treatment, who may be experiencing transient/permanent side-

effects related to their cancer and its management.  ADL limitation 

was therefore measured based on the remaining five items. 

For the purpose of the current study, patients were categorised as 

dependent if they could not perform at least one activity of the scale 

without assistance, as defined by the authors of the original scale 

[381]. 

4.2.8.1.2 Instrumental Activities of Daily Living (IADL) 

Self-reported functional status or level of independence in the 

community was assessed using the IADL scale [110].  This scale 

consists of eight questions rated on a three-point Likert scale.  It 

measures the degree to which an activity can be performed 

independently.  The eight items on the IADL scale include using a 

telephone, shopping, preparing meals, cleaning the house, doing 

laundry, using transport, managing one’s medications, and handling 

finances.  Traditionally, some of these were thought to only apply to 
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women e.g. preparing meals, cleaning the house and doing the 

laundry.  The option of “not applicable” is thus very important here as 

some categories may not be relevant for some patients, and they 

were only rated out of those that were considered relevant for their 

unique circumstances. 

For the purpose of the current study, patients were categorised as 

dependent if they could not perform at least one relevant activity of 

the IADL scale without assistance, as defined by the authors of the 

original scale [110].   

4.2.8.1.3 Falls History 

A self-reported history of falls in the past six months was also 

recorded for information on geriatric syndromes, considered 

important for Balducci classification of frailty [243] (see Appendix 12).  

A history of a recent fall has been demonstrated to be independently 

predictive of increased risk of treatment toxicity in older cancer 

patients [175]. 

4.2.8.2 Objective Physical Performance 

The Timed Up and Go (TUG) test is a reliable and valid test for 

quantifying an older person’s mobility [383].  The original purpose of 

the Timed Up and Go (TUG) test was to assess basic mobility skills 

of frail older persons.  It is a very simple test that times the ability to 

stand from a seated position and walk a set distance (3 metres), and 

back to the original starting point to resume a sitting position [383].  It 

has been found to be predictive of further functional decline in 

community-dwelling individuals and cancer patients alike [176, 384].  

It has also been associated with mortality in older patients with cancer 
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[385], with a score of  ≥20 seconds indicating higher risk (hazard ratio 

1.90, P=0.001) .   

4.2.8.3 Comorbidity 

Among patients with cancer, comorbidity is associated with poorer 

overall survival, due to competing causes of mortality [134, 135, 139, 

386, 387].  Comorbidity may also impact cancer treatment tolerance 

[388-390].  Furthermore, these comorbid conditions may predispose 

patients to the risk of polypharmacy and potentially adverse drug 

interactions [391].   

The Charlson Comorbidity Index (CCI) was used to quantify patients’ 

number of comorbid conditions [130].  The CCI encompasses 19 

medical conditions weighted 1–6 with total scores ranging from 0–37.  

It takes into account both the number and severity of co-morbidities.  

The CCI is known for its ease of use, short rating time and 

widespread use in oncology. 

4.2.8.4 Cognition  

A cognitive assessment is needed to determine if the patient has the 

decisional capacity to consent and adhere to treatment and 

understand the indications to seek attention. In the presence of 

cognitive impairment, the involvement of the patient’s family or 

caregiver is required to maintain safety [392-395].  Cognitive 

impairment is common in the older population, with the most common 

underlying cause being Alzheimer's Disease [396]. 

The MMSE [397] is often used to assess global cognition, and is one 

of the most commonly employed tools to measure cognitive 

impairment [397].  The MMSE is a 20 item tool, scored out of 30, 

used to screen orientation to time and place, registration, recall, 
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attention and calculation. The MMSE has demonstrated validity and 

reliability in many different populations [398]. 

Scores of less than 24 are indicative of mild (18-23) or severe (0 to 

17) cognitive impairment. In terms of the psychometric properties of 

the MMSE, the sensitivity increases with increasing levels of 

impairment, while specificity was found to be between 80-100% 

[399]. Disadvantages of the MMSE include difficulty to identify mild 

cognitive impairment, for which the Montreal Cognitive Assessment 

or MoCA [400] is deemed more appropriate and difficulty in recording 

changes in cases of severe dementia [401].  The MMSE is sensitive 

to demographic variables, such as age, highest educational 

attainment, race and sex [402-404].  However, normative data from 

The Irish Longitudinal stuDy of Aging (TILDA) did not find a sex 

difference in the Irish population [401]. 

In preparation, MMSE training was undertaken by the lead 

investigator in Saint James’s Hospital, in order to ensure correct 

administration and interpretation of the MMSE assessment tool. The 

MMSE was conducted so as to minimise distress for the patient. 

Errors were not indicated and, in general, mistakes were not 

corrected.  

4.2.8.5 Nutritional Status 

Both aging and cancer increase the risk of malnourishment, and 

approximately a third of older European adults, admitted to hospital, 

are considered to be undernourished [405-407].  The latter is 

associated with greater morbidity and mortality, as well as adverse 

outcomes from oncologic therapy [408-412].  
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Screening for nutritional deficits is therefore of the utmost importance 

and was performed with the Mini-Nutritional Assessment Short Form 

(MNA-SF) in the current study [413].  The MNA SF is a well-validated 

nutrition screening and assessment tool that can identify older 

patients who are malnourished or at risk of malnutrition.  It is 

recognised by the European Society of Parenteral and Enteral 

Nutrition as the nutritional screening of choice in older adults [405]. 

In the current study, a score of 8-11 points indicated a risk of 

malnutrition, while a score of 7 or less indicated that the individual 

was malnourished. 

4.2.8.6 Psychological Status 

In a study of older adults with cancer, significant distress was 

identified in 41% of older adults, and poorer physical function 

correlated with higher distress [395].  Depressive symptomatology 

was assessed using the Geriatric Depression Screen Short Form 

(GDS SF) [414].  This is a 15-item questionnaire, shortened from the 

original 30 item version [415], which has been shown to have 

adequate sensitivity and specificity in screening for depression in 

older adults with cancer [416].  Anxiety was assessed via patient 

interview. 

On the GDS SF scale, a score of: 

➢ 0 to 4 is considered a normal score. 

➢ 5 to 8 suggests mild depression. 

➢ 9 to 11 suggests moderate depression. 

➢ 12 to 15 suggests severe depression. 
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4.2.8.7 Social Support status 

In both the geriatric and oncology literature, social isolation has been 

linked to an increased risk of mortality [417, 418].   Patient’s social 

support status was assessed by patient interview. 

4.2.9 Screening tool 

Given the high prevalence of cancer in the geriatric population, it is 

not feasible for all geriatric patients with cancer to be evaluated by a 

geriatric oncologist.  Ideally, a method of screening could be 

employed to identify the patients who would benefit most from a 

geriatric evaluation.   

The subject of screening gave rise to the most dissensus in the 

Delphi study, completed as preliminary work for this project by the 

study co-ordinator (Chapter 3 of this thesis).  This is an evolving area 

of research, which requires further investigation.  The current lack of 

discriminative power for the commonly recommended tools in 

oncology, has been articulated by many members of the expert panel 

and summarised in a systematic review [61]. However, the Geriatric 

8 (G8) has since emerged as a potentially useful predictive tool for 

those who require full CGA versus those who do not.   

The G8 questionnaire consists of 8 questions and its development 

was based on items from the Mini Nutritional Assessment [82]. A 

score of ≤ 14 (score range: 0–17) corresponds to an abnormal 

screening test. Completing the 8 questions of the G8 takes about 

5 minutes. The sensitivity of the G8 to predict abnormal scores on the 

CGA in cancer patients has been reported as 76.5%, and the 

specificity as 64.4% [83]. Patients with a score of  less than or equal 
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to 14 points are considered to be frail [82] and associated with poorer 

one year survival [83].  

4.2.10 Additional Measures of Interest 

4.2.10.1 Additional Frailty Measures 

Frailty was further categorised according to cumulative deficits as 

summarised by Balducci frailty criteria [243] and the Clinical Frailty 

Scale (CFS) [64].  The latter was added to the list of assessments 

due to participating geriatrician referral guidelines and institutional 

protocol.   

The CFS (Figure 4.1) is a brief (7 item) measure of frailty based on 

clinical judgement, and ranges from 1 (in robust health) to 7 

(complete functional dependence on others).  It is a well established, 

quick and easy, scale to define frailty, and the most popular tool used 

in geriatric medicine in Canad and the UK, as well as in published 

research [419].  Its evaluation, thus far, in a cancer patient population, 

is limited to one small surgical series of patients with 

pancreaticobiliary and melanoma cancers .  In this study, the CFS 

was deemed to have greater discriminatory power than the more 

commonly used ECOG performance status [420]. 

A validation study in community-dwelling older people demonstrated 

that it was a better predictor of mortality than simple measures of 

cognition, function or comorbidity [64].  Its obvious advantage in a 

clinical setting is its relative ease of use, compared to other longer 

assessments of cumulative deficits, such as the 70 item Frailty Index 

[421], to which it has correlated well, in terms of validity and reliability. 
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Figure 4.1 Clinical frailty scale (CFS) [64] 

The following information was also collected: 

Sociodemographic information, including patient age, race and 

ethnicity, highest level of education achieved and marital status were 

abstracted from the medical record. 

The tumour stage, previous surgery, radiation therapy dose and 

schedule (intended and received), chemotherapy type, dose and 

schedule (intended and received) were also collected. 

Please see Table 4.2 below for a full list of assessments used, 

including threshold values signifying impairment.   

The associated assessment forms are included in Appendix 12. 
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Table 4.2 Assessments used in the pilot study and scores signifying 
impairment  

  

DOMAIN TOOL  SCORE SIGNIFYING IMPAIRMENT  

Physical function  ➢ ADL 
➢ IADL 
➢ Falls history 

➢ Any ADL or IADL impairment 
➢ Any history of falls 

Objective 
physical      
performance  

➢ TUG  ➢ <10s Freely mobile  
➢ <20s Mostly independent  
➢ 20-29s Variable mobility  
➢ >20s Impaired mobility 
➢ 13.5s threshold for increased 

falls risk  
Comorbidity ➢ Charlson 

Comorbidity Index 
➢ Evaluated on a case-by-case basis 

Nutrition ➢ MNA-SF ➢ Normal nutritional status 12-14 
➢ At risk of malnutrition (8-11 

points) 
➢ Malnourished (0-7 points) 

Social support ➢ Patient 
history/caregiver 
interview 

➢ Any deficit noted 

Polypharmacy ➢ Number of total 
medications 

➢ ≥5 medications 

Psychological 
Status 

➢ GDS 
➢ Patient 

history/interview 

➢ 10-19 mildly depressed 
➢ 20-30 severely depressed 

Cognition ➢ MMSE ➢ 24-30=normal 

Screening ➢ G8 ➢ ≤ 14 
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4.2.11 Outcome Measures 

4.2.11.1 Feasibility 

For self-administered items, feasibility was assessed via the 

percentage of patients able to complete certain aspects of the 

assessment on their own, or with the assistance of a carer before 

appointments, was recorded.  Consultation times and referrals were 

also documented. 

4.2.11.1 Moving from Feasibility to Full Trial   

Feasibility  was assessed via the methodological issues identified by 

Shanyinde et al [375]  as an analytic framework.  Subsequently the 

ADePT (A process for Decision-making after Pilot and feasibility 

Trials) framework  [422] was employed to support recommendations 

for clinical practice in moving from feasibility study to full trial. This 

framework entails (1) categorising feasibility outcomes of the study 

according to whether they affect real world implementation only, the 

trial itself only, or both; (2) coming up with potential solutions 

according to changes in the intervention, trial design, or the study 

context (3) assessing these potential solutions in terms of 

effectiveness and ability to implement; and (4) selecting the best 

solutions based on effectiveness, feasibility, cost implications and 

how these solutions could be applied and improved upon in a future 

definitive trial.  

4.2.11.2 Treatment Tolerance and Compliance 

Treatment tolerance and compliance were defined as follows: 
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• Rate of (one or more fractions) unplanned radiotherapy 

interruptions or radiotherapy incompletion (one or more 

fraction less than the prescribed radiation dose)  

• Radiotherapy/chemotherapy dose reduction during a 

course of treatment 

• Chemotherapy withdrawal  

• Hospital admission (not elective) rate  

4.2.11.3 Assessment of Factors Determining the 
Treatment Plan   

A summary of GA findings was sent within two working days both in 

writing and verbally to the patient’s RO (please see Appendix 13 for 

a copy of the summary assessment template). Recommendations 

were made based on previous research [246, 247], which represents 

consensus on best supportive care for each GA deficit, as well as the 

patient’s own unique circumstances.   

Any changes to the treatment plan were noted, as well as any 

unidentified issues that the RO had previously been unaware of, and 

additional referrals made.    ROs were asked if GA results influenced 

their decision-making in order to identify factors that influenced the 

patient’s subsequent treatment (i.e. age, stage of disease, 

performance status, GA measures used).  Clinicians ranked each 

factor, on a ten point Likert scale (see Appendix 14), to determine 

which were the most influential in their decision making process.  

ROs also noted any additional interventions/referrals made as a 

result of GA recommendations.  This was completed for each 

individual patient in the treatment arm (n=15).  In total, four ROs 

participated in this study. 
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4.2.11.4 Quality of Life 

Health-Related Quality of Life (HRQoL) is a major concern for cancer 

patients, and it can be affected by symptoms caused by cancer, as 

well as by treatment-induced toxicity [423]. Older patients are less 

willing to compromise their HRQoL for the potential for increased 

survival [257].  HRQoL was assessed using the European 

Organisation for Research and Treatment of Cancer Quality of Life 

Questionnaire C30 (QLQ-C30) [424]. 

4.2.11.5 Toxicity 

Toxicity was assessed using the Common Terminology Criteria for 

Adverse Events (CTCAE) version 4.03 [425], as this was the toxicity 

grading system employed in the participating radiotherapy 

department. 

4.2.12 Statistical analysis 

In this pilot study, patient outcomes were analysed on the entire 

cohort of enrolled patients rather than according to the two treatment 

groups. This was deemed appropriate due to the negligible influence 

on treatment decisions (reported below) and minimal intervention 

beyond routine care in the control arm.  Also, as it was a pilot study, 

it was not sufficiently powered to determine the relative benefit of GA 

between arms. 

Descriptive statistics for patient characteristics, health and functional 

status measurements, and outcome characteristics were calculated. 

Normally distributed data were summarised using means and SD; 

non-normally distributed data were summarised using medians and 

ranges.   
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Normality tests were conducted using the Shapiro-Wilk test, 

recommended for small sample sizes [426].  The student's t test 

(metric data) was used to analyse differences between baseline and 

followup assessments, or Wilcoxon signed rank test (non-parametric 

data). 

Data were analysed using IBM Statistical Package for Social 

Sciences Version 22 (SPSS Inc., Chicago, IL, USA).  All p values 

presented are two-sided using an alpha of 0.05. 

4.2.13 Data Protection 

All hardcopy research records were stored onsite in the Discipline of 

Radiation Therapy, in locked research files.  Offices were secured by 

key and data kept in locked file cabinets.  Electronic research records 

were stored on the Discipline of Radiation Therapy’s password 

secured and firewall protected networks.  These were the same 

methods of security used for patient medical records.   

The study coordinator assigned a numerical Study ID to each 

participant once they signed the consent form.  All study forms and 

questionnaires used this number to ensure data integrity.  Other 

identifying information was eliminated from these forms.  A complete 

list of study participants with study ID, name, and contact information 

was maintained separately. This linkage information was only 

accessible to the study coordinator, study investigators, and the 

individual responsible for maintaining the database.   

4.2.14 Ethical Considerations  

This study was conducted in accordance with the ethical principles 

derived from the Declaration of Helsinki [427]. Written informed 
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consent was obtained from all participants (please see Appendix 15 

for a copy of the participant information leaflet, and Appendix 16 for 

the consent form).  

The study was approved by the Saint Luke’s Radiation Oncology 

Network (SLRON) and Faculty of Health Sciences, Trinity College 

Dublin (TCD), Faculty of Health Sciences Research Ethics 

Committees. Written and verbal informed consent were obtained 

from all patients before inclusion. 

Please see Appendices 17 and 18 for a copy of ethics approval from 

TCD and SLRON, respectively. 
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4.3 Part 1 Results: Feasibility 

4.3.1 Patient Participation and Characteristics 

Among 58 eligible inpatients, 30 (52%) agreed to participate and 

were randomised, 15 to the intervention group and 15 to usual care 

(control) group. Baseline characteristics are presented in Table 4.3. 

The median age (range) was 73 (70-89) and the majority (77%) were 

male, and had a diagnosis of prostate cancer (63%).  

Characteristics Control 
arm  

Interventio
n arm  

Total 
(n=30) 
n(%) 

Age: median(range) 72(70-79) 75(71-89) 73(70-89) 

Gender: Male 
               Female 

14(46.67) 
1(3.33) 

9(30) 
6(20) 

23(76.67) 
7(23.33) 

Marital Status: Married 
                          Single 
                          Widowed 

12(40) 
0(0) 
3(10) 

9(30) 
1(3.33) 
5(16.67) 

21(70) 
1(3.33) 
8(26.67) 

Highest Educational Attainment: 
Primary 
Secondary 
Third Level 

 
8(26.67) 
5(16.67) 
2(6.67) 

 
11(36.67) 
4(13.33) 
0(0) 

 
19(63.33) 
9(30) 
2(6.67) 

Type of Cancer (Primary Site): 
Prostate 
Rectum 
Endometrium 
Cervix 
NHL 
Vulva 
Bladder 

 
13(43.33) 
1(3.33) 
0(0) 
0(0) 
1(3.33) 
0(0) 
0(0) 

 
6 (20) 
2(6.67) 
1(3.33) 
2(6.67) 
2(6.67) 
1(3.33) 
1(3.33) 

 
19 (63.33) 
3(10) 
1(3.33) 
2(6.67) 
3(10) 
1(3.33) 
1(3.33) 

Type of Treatment:  
Radiotherapy alone 
Concurrent chemo-radiation (CRT) 
Neo-adjuvant CRT 
Radiotherapy and Androgen 
Deprivation Therapy (ADT) 

 
2(6.67) 
0(0) 
1(3.33) 
12(40) 

 
4(13.33) 
4(13.33) 
1(3.33) 
6(20) 

 
6(20) 
4(13.33) 
2(6.67) 
18(60) 

Note: Listed as proportions n(%), apart from age 

Table 4.3 Patient characteristics 

The majority of participants were educated to primary level (63%) 

only and in receipt of radiotherapy alone, or in combination with 

Androgen Deprivation Therapy (80% in total).  Six patients were 
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commenced on chemoradiation, two of these in the neo-adjuvant 

setting. 

4.3.2 Feasibility 

Self-completion was possible (for items identified with an asterix on 

Table 4.1) for the majority (n=26/30, 87%) of participants. 

The average length of time taken for the study co-ordinator to 

complete (face-to-face) assessments was 31.2 minutes. 

When calculating the cost of this per department, overheads and 

level of expertise of the person conducting the assessment need to 

be taken into account, as well as the cost of referral to geriatric 

medicine and supportive care services (as judged on an individual 

patient basis).  These cost calculations are therefore complex, and 

dependent on the level of frailty identified, considered beyond the 

scope of the study. 

Recruitment rates were lower than anticipated.  The mean rate of 

recruitment per month at the study site was 2.5. This may have 

resulted from an underestimate of the number of eligible patients at 

the start of the study.   

Of the 58 patients approached to take part, 28 were unwilling at the 

outset to be contacted by the study team.  Of those whose eligibility 

was confirmed, reasons provided for non-participation were mainly 

related to the timing of recruitment at the initial appointment with the 

RO, with many patients reporting feeling overwhelmed and anxious.  

There were also some competing larger studies that were prioritised 

within the centre.  Better representation of clinical trial staff at the 
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study centre may have avoided some of the issues encountered with 

recruitment, as this study was undertaken on a part-time basis.  

As patients were recruited at a point when they may have been very 

anxious about their upcoming treatment, this might have affected 

their motivation to agree to being recruited to a clinical trial.  This was 

less of an issue for patients with prostate cancer, who generally had 

a number of pre-treatment visits to their RO, especially if undergoing 

ADT. 

There was an indication that participants who entered the study were 

relatively young in terms of the target patient group that was initially 

aimed for (median age 73) i.e. the majority of patients were in the 

“young old” category.  

Once participants were randomised, follow-up was generally good, in 

terms of completion of questionnaires, suggesting that this part of the 

methodology would be transferrable to a larger trial.  Attendance at 

follow-up appointments was poorer however, with 4/30 patients 

unable to attend due to distance to the oncology centre and 

inconvenience. 

Acceptability was not assessed directly but adherence to study 

procedures gives an indication, as does the initial rate of willingness 

to participate.   One participant refused cognitive assessment, due to 

a previous negative experience.  However, all other patients reported 

no issues with the assessment itself.  

The results of applying the methodological issues identified by 

Shanyinde et al. [375], as an analytic framework to the current study 

findings, are presented under each of the 14 items summarized 

below in Table 4.4. 
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Methodological 
issues 

Findings Evidence 

1. Did the 
feasibility study 
allow a sample 
size calculation 
for the main 
trial? 

Not 
achieved/recommended 
from pilot work [428, 
429] 

As this was a pilot study no 
formal sample size 
calculations have been 
conducted 

2. What factors 
influenced 
eligibility and 
what 
proportion of 
those 
approached 
were eligible? 

Ineligibility for 
randomisation was 
mainly due to age (<70) 

30 out of 58 (52%) patients 
approached were recruited  

3 Was 
recruitment 
successful? 

Recruitment was slower 
than anticipated.  Issues 
due to timing, centre 
and participant were 
identified 

The mean rate of recruitment 
per month at study site was 
2.5 
Possibly due to an 
underestimation of the 
number of eligible patients at 
the start of the study.   
The timing of recruitment 
was not ideal in terms of 
patients’ anxiety due to 
diagnosis/treatment 
The median age of patients 
recruited was relatively 
young (73; range 70-89) 

4. Did eligible 
participants 
consent? 

Suboptimal conversion 
to consent 

30 (52%) randomized out of 
58 eligible participants 

5. Were 
participants 
successfully 
randomised 
and did 
randomisation 
yield equality in 
groups? 

Randomisation 
procedures worked well 

Baseline comparability of the 
two groups was adequate 
(Table 1).   Minimisation 
based on age may be 
appropriate in a larger trial 
however due to age 
imbalance per arm 

6. Were 
blinding 
procedures 
adequate? 

Blinding was possible 
only at baseline 
assessment, as 
randomisation to the 
study arm was 
conducted after this 

Blinding of the research team 
was possible only at baseline 
assessment 
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Methodological 
issues 

Findings Evidence 

7. Did 
participants 
adhere to the 
intervention? 

Adherence to baseline 
assessment was high.  
However, there was 
poor adherence to 
followup appointments 
that did not coincide 
with medical 
appointments 

Data for all 30 patients were 
available for the intention-to-
treat analysis re: impact on 
decision making. Four 
patients were considered 
protocol violators, and 
consequently a per-protocol 
analysis of 26 patients was 
completed for pre-/post- GA 
measures.  One patient was 
withdrawn from the study 
during radiotherapy 
treatment, but was eligible 
for inclusion in baseline data 
analysis 

8. Was the 
intervention 
acceptable to 
the 
participants? 

Overall, there was good 
acceptability with study 
procedures  

One participant refused 
cognitive assessment, due to 
a previous negative 
experience.  However, the 
majority of patients reported 
no issues with the 
assessment itself, which was 
non-invasive 
The inconvenience of 
attending follow-up 
appointments was an issue 

9. Was it 
possible to 
calculate 
intervention 
costs and 
duration? 

Aspects of feasibility 
e.g. self-completion and 
time to complete 
assessments were 
calculated and judged 
to be reasonable 

The mean duration of 
assessments was 31.2 
minutes. 
87% of patients could 
complete questionnaires 
before clinic appointments. 
When calculating the cost of 
this per department, 
overheads and level of 
expertise of the person 
conducting the assessment 
need to be taken into 
account, as well as the cost of 
referrals (as judged on an 
individual patient basis) 
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Methodological 
issues 

Findings Evidence 

10. Were 
outcome 
assessments 
completed? 

The most appropriate 
outcomes to use were 
decided beforehand 
based on previous work.  
Rate of completion was 
lower at followup  

Both trial arms were 
comparable at baseline with 
regard to demographic 
variables.  Overall, there may 
have been a slight selection 
bias towards younger 
patients however  

11. Were 
outcomes 
measured 
those that were 
the most 
appropriate 
outcomes?  

Outcome measures 
used did assess main 
areas of interest  

Some outcome measures 
could be altered/further 
explored in future research 
e.g. impact on treatment 
decisions (negligible) and 
aspects of the EORTC QLQ-
C30 which were more fully 
addressed through GA (see 
Part 2) 

12. Was 
retention to the 
study good? 

Once recruited, 
retention was generally 
good 

Follow-up was generally 
good, in terms of completion 
of questionnaires. 
Attendance at follow-up 
appointments in order to 
complete objective 
assessments was poorer 
however, with 4/30 patients 
unable to attend due to 
various reasons 

13. Were the 
logistics of 
running a 
multicentre 
trial assessed? 

This was not assessed 
for logistical reasons 

Many issues raised were 
department specific, 
therefore a pilot study is 
recommended for all 
additional sites 

14. Did all 
components of 
the protocol 
work together? 

Overall, components 
had strong synergy 

No significant differences 
identified with trial processes 
or the researcher’s abilities to 
implement them 

Table 4.4 Summary of feasibility findings mapped to Shanyinde et al 
[375], analytic framework 
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4.3.3 Recommendations for a Definitive Trial:  Application 
of ADePT (A process for Decision-making after Pilot 
and feasibility Trials) 

In terms of the ADePT approach [422], the problems identified related 

to aspects of trial process, most of which were classified as “Type B”, 

i.e. with application for both the trial/institution and the real world 

[422].  These are summarised in Figure 4.2 below. 
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Figure 4.2 A process for Decision-making after Pilot and feasibility 
Trials (ADePT)
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4.4 Part 2 Results: Patient Outcomes and 
Treatment Decision Making 

All randomised patients completed the baseline GA assessment.   

The impact of decision making was recorded for the intervention arm 

only, after presentation and discussion of GA results with the 

referring consultant.  See Figure 4.3 below for study schema. 

 

 

Figure 4.3 Study schema 
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4.4.1 GA: Patient Outcomes 

4.4.1.1 Baseline GA 

Most patients (n=29; 97%) had an ECOG status of 0–1. One patient 

had an ECOG status of 2 and none had a score of 3.  GA outcomes 

are presented in Table 4.5 (a) below. All patients were independent 

for ADLs at baseline and 83% for IADLs. The mean TUG score was 

10.64 (SD=2.3) and 7% (n=2) of patients had experienced two falls 

in the previous six months.  The median MMSE score was 27 (range 

20-30; normal range >24).  One patient reported symptoms 

suggestive of mild depression (Geriatric Depression Scale >4/15), 

with the majority of patients reporting no significant signs. The mean 

number of medications taken per patient was 3.76 (2.63), with 37% 

(n=11) taking >5 medications i.e. polypharmacy. 

The majority of patients had good nutritional status at baseline (83%, 

n=25), four patients were identified as being at risk of malnutrition, 

and one malnourished.  The majority of patients had an age-adjusted 

Charlson score of 4-7 (n=29, 97%). 
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Domain Baseline (n=30) 3m Followup 
(n=29 SCQ, 25 
All) 

Difference 
Between 
Baseline and 
3mFollowup 
(p values) 

n %  n % 

Functional Status      

Independent in both 
ADLs/IADLs 

25 83 21 72 
 

Dependent in >1 ADL  0 0 1 3 0.32 

Dependent in >1 IADL  5 17 8 28 0.08 

Objective Physical Performance 
     

Timed Up and Go (TUG) 
    

0.871 

Mean TUG score in seconds 
(SD) 

10.64 2.3 11.2
4 

3.76 
 

>13.5s High falls risk 3 10 4 16 
 

Number of falls in the 
previous 6 months 

     

0 24 80 27 93 
 

1 4 13 2 7 
 

> 2 2 7 0 0 
 

Co-morbidities 
    

0.317 

Charlson score 0-3 0 0 0 0 
 

Charlson score 4-7 29 97 27 93 
 

Charlson score 8-11 1 3 2 7 
 

Cognitive Status 
     

Median MMSE score (out of 
30: >24=normal 
cognition)(range) 

27 (20-30) 27 (20-
30) 

0.432 

Psychological Status 
    

0.075 

GDS 0-4 (normal) 29 97 24 83 
 

GDS 5-8 (mild depression) 1 3 4 14 
 

GDS 9-11 (moderate 
depression) 

0 0 1 3 
 

GDS 12-15 (severe depression) 0 0 0 0 
 

Number of Medications 
     

Mean number per patient (SD) 3.76 2.63 3.48 2.5 0.073 

Polypharmacy (>5 medications) 11 37 10 34 
 

Nutritional Status (MNA) 
    

0.98 

12-14 points: Normal 
nutritional status  

25 83 21 84 
 

8-11 points: At risk of 
malnutrition  

4 13 3 12 
 

0-7 points: Malnourished 1 3 1 4 
 

(a) 
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Domain Baseline (n=30) 3m Followup 
(n=29 SCQ, 
25 All) 

Difference 
Between 
Baseline 
and 3m 
Followup (p 
values) 

n %  n % 

Screening (G8 Score) 
    

0.434 
Score indicating 
impairment G8 ≤ 14 

7 23 6 24 
 

Score not indicating 
impairment G8 > 14 

23 77 19 76 
 

Mean (SD) 14.83 2.26 15.0
6 

1.95 
 

Balducci Frailty       
Fit 21 70 19 73  
Vulnerable  7 23 4 15  
Frail 2 7 3 12  
Clinical Frailty Scale      
1. very fit 4 13 2 8  
2. well 12 40 11 42  
3. managing well 6 20 6 24  
4. vulnerable 2 7 1 4  
5. mildly frail 5 17 5 20  
6. moderately frail 0 0 1 4  
7. severely frail 0 0 0 0  
8. very severely frail 0 0 0 0  
9.terminally ill 0 0 0 0  

(b) 

Table 4.5 GA outcomes at baseline and followup (a) GA domains (b) 
screening tools and frailty criteria 

Patients were classified by their G8 scores (Table 4.5 (b)) as fit (G8 

> 14, n = 23, 77%) or vulnerable (G8 ≤ 14, n = 7, 23%).  The majority 

of patients (n=21, 70%) were considered fit by Balducci criteria [243], 

and only 24% (n=7) as vulnerable or frail on the CFS.
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4.4.1.2 Three Month Followup GA 

GA outcomes at three month followup were not significantly different 

from baseline, as seen in Table 4.5. There was some evidence of 

increasing dependence in ADLs and IADLS, slower walking speed 

(TUG score), higher GDS scores and increased vulnerability.  

However, these were not statistically significant. 

4.4.1.3 Treatment Compliance 

Of those enrolled, 100% completed baseline measures and 83% 

completed the full post-intervention assessment. 

One patient with prostate cancer only completed 6 out of 37 planned 

radiotherapy treatments due to concerns regarding loops of small 

bowel in the treatment area observed on daily imaging, and was 

therefore withdrawn from the study at this stage as it was considered 

more appropriate to continue the patient on ADT alone.  Another 

patient had their chemoradiation treatment terminated after 25 (out 

of 28) treatments due to development of a subdural haematoma 

necessitating surgery.  A female patient undergoing chemo-

radiotherapy for endometrial cancer had a dose reduction of taxol 

based chemotherapy due to the development of peripheral 

neuropathy. 

One patient missed one day of treatment due to illness (non-

treatment related). A patient with prostate cancer experienced a 

delay commencing radiotherapy due to his wife’s bereavement.  A 

further patient with prostate cancer who had been on ADT had their 

Casodex terminated due to concerns re: Liver Function Test (LFT) 

results.  One female patient experienced a significant fall (tibia 
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fracture) between CT planning and the start of radiotherapy, however 

this did not incur any delay in starting RT. 

4.4.1.4 Acute Toxicity 

Acute toxicity was evaluated weekly in all patients.  Maximum toxicity 

recorded was grade 2 (8/30 patients, 27%).  The majority of patients 

experience mild (grade 1) toxicity. 

4.4.2 RO Outcomes 

4.4.2.1 Modifications to Radiotherapy Treatment Plan 

All patients underwent their predefined radiotherapy treatment plan, 

without modification.  Any changes with respect to chemotherapy 

were unrelated to GA results, as these were only communicated to 

participating ROs. 

4.4.2.2 Factors Influencing Treatment Decision 

For the treatment arm, ROs were asked if GA results influenced their 

decision-making in order to identify factors that impacted the patient’s 

subsequent treatment (i.e. age, stage of disease, performance 

status, GA measures used).  Clinicians ranked each factor, on a ten 

point Likert scale (see Appendix 14), to determine which were the 

most influential in the decision making process.  Overall, ROs ranked 

stage of disease, PS and chronological age as the most influential 

factors in determining patient’s treatment (see Table 4.6). 
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Factors Affecting Decision Making 
 (in order of influence) 

Mean Rank 
(SD) 

1. Disease stage 8.8 (2.33) 
2. ECOG PS 8.33 (2.16) 
3. Chronological Age 6.33 (2.82) 
4. Functional Status (ADL/IADL) 5.33 (3.33) 
5. Comorbidities 5.07 (2.99) 
6. Cognition  4.8 (2.88) 
7. Psychological Status 4.73 (3.06) 
8. Objective physical performance 4.27 (2.4) 
9. Social support status 4.13 (2.83) 
10. Nutritional status  3.93 (2.81) 
11. Polypharmacy  3.53 (2.61) 

Table 4.6 Factors affecting treatment decisions 

 

4.4.2.1 Additional Information Revealed by GA 

A summary of the GA findings was sent within two working days both 

in writing and verbally to the patient’s RO.   Results of GA revealed 

new information, previously not known to the referring RO, in 7/15 

(47%) patients (intervention arm) assessed at baseline.  This 

included multiple GA deficits (functional status, history of falls, 

cognition and nutritional status), a history of falls for two patients, 

poor cognition for two patients (one of whom had been lost to 

followup with the dementia services), mild depression and falls risk 

for a patient with poor mobility related to the onset of peripheral 

neuropathy while on chemotherapy. 
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4.4.2.2 Patient Referrals and Interventions 

As a result of GA outcomes, one patient underwent extensive 

rehabilitation in the geriatric medicine department, including detailed 

assessment in the Falls and Blackout unit.  A diagnosis of dementia 

was also made for the latter patient.  Another patient, who had been 

lost to follow-up with the dementia services, was reinstated under 

their care.  One patient who had a history of falls was referred to her 

GP for vision correction.  Psycho-oncology services were consulted 

for the patient with queried depression.  For the patient identified as 

being at risk of falling, the local General Practitioner and community 

nurse were contacted in order to provide support and assistance in 

the home. 
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4.5 Discussion  

To our knowledge, this is the first study to attempt to systematically 

investigate the feasibility and acceptability of a randomised controlled 

trial regarding the implementation of GA in radiation oncology.  RCTs 

are considered the gold standard in clinical trial design, yet there has 

been a relative lack of such trials in geriatric oncology until recent 

times.   This may reflect methodological issues, such as those 

highlighted in this feasibility study. 

The aim of this pilot study was to obtain preliminary data on the 

efficacy of a novel GA intervention on patient outcomes and 

treatment decisions in radiation oncology.   Studies to date have 

focussed predominantly on medical and surgical oncology [186, 187, 

190], and little is known about the impact of GA on the radiotherapy 

decision making process and patient outcomes [183].  

It is a significant problem for evidence-based oncology care, that 

older adults are under-represented in oncology clinical trials [19, 20, 

22], despite the incidence of cancer in this age group, estimated to 

be 60% of all cancer cases [23].  A greater focus on phased 

introduction of trials, in keeping with MRC guidelines [430] and 

appreciation of institutional issues may help to increase the success 

of future trials.  Selection of more appropriate endpoints is also 

important in “geriatricising” trial design[31-33].  This has recently 

been highlighted by Nipp et al [34], who described the need for 

“pragmatic” clinical trials for older adults with cancer.  There is a large 

unmet need to investigate older patient outcomes under more 

realistic conditions i.e. varying degrees of fitness and frailty.  

Inclusion criteria need to be broader to facilitate this, and have been 

used in other studies [431].    
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This trial provided important data to inform a definitive trial. The 

sample size was purposely small owing to the focus of the trial 

objectives.  Despite some aspects of the study proving quite effective 

(for example, randomisation, intervention costs and adherence to 

baseline study requirements), data revealed the existence of a 

number of feasibility issues to consider going forward to a full trial.  

Using the framework proposed by Shanyinde et al et al [375] and the 

ADePT process  [422] provided greater transparency in deciding 

what to change in the light of the pilot study findings (see Fig 2).  The 

suggested modifications, include refinement of trial design features 

and adaptations to older patients, such as facilitating convenience, 

giving greater consideration to the timing of recruitment and offering 

incentives to clinicians to recruit a larger percentage of older patients. 

With regard to patient related factors in trial recruitment, Hempenius 

et al [432], in a randomised controlled trial of a geriatric liaison 

intervention also found under-recruitment of frail older adults to be 

related to the burden of additional hospital visits for patients, as well 

as insufficient awareness of the study by medical personnel.  While 

the majority of patients in our pilot study were fit, rather than frail, the 

same issues were found.  Hempenius et al adapted their design to 

facilitate home visits in order to overcome this.   To enhance 

awareness, promotional material with the study logo was used and 

the study protocol was continuously presented to new staff. While 

these measures were effective, they incurred additional resource 

investment in terms of time, budget and staffing, which may not be 

feasible in every centre. 

It must be acknowledged there was suboptimal conversion to 

consent amongst eligible patients in the current study.  Reasons 

offered for non-participation were generally related to the timing of 
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information provision, which is an important consideration.  Another 

possibility is that the study information was provided by the clinician, 

rather than the study investigator, as the first point of contact.  Also, 

other studies were ongoing in the department at the time, which may 

have taken priority.  At the time, there were also some issues with 

inpatient bed capacity, which impacted the number of vulnerable or 

frail patients undergoing treatment in the St. James’s centre.  

Acceptability of trial procedures did not seem to be a factor for 

patients.  In a similar (Irish) patient population, little difference 

between younger and older patients was found with regard to 

willingness to participate in clinical trials [433].  Furthermore, a 

similarly designed Phase II study, by Puts et al [235], has 

demonstrated the ability to recruit 60 patients over a one-year period, 

for a similar trial protocol.  However, the infrastructure and 

experience with recruitment in geriatric oncology are much greater in 

that particular centre.  There is also some evidence to suggest that 

older patients are less likely to be offered a clinical trial by their 

clinician [434, 435]. 

Traditionally, trials in geriatric oncology tend to include mixed patient 

populations.  Given the difficulties in data interpretation and the 

multiple confounding factors that may present themselves, there is a 

great need to develop site specific guidelines for patient care and a 

greater body of research on how age-related differences manifest 

and interact with (radiotherapy) treatment.  In our study, there was a 

preponderance of patients with prostate cancer, which highlights the 

suitability of focussing on this patient group in our institution for the 

more definitive trial.  Minimisation [436] by age is an additional 

measure that aids equal distribution of patients between the control 

and intervention arms of randomised controlled trials (31).   
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In this study, GA had no effect on radiotherapy decision making in 

this small sample of radiotherapy patients from a mixed patient 

population, the majority of whom were prostate cancer patients.  The 

study sample included predominantly fit and relatively young 

patients, which undoubtedly impacted these results.  There were no 

significant differences between the study groups in terms of baseline 

and followup GA results, however there was a trend towards greater 

dependence and increased vulnerability.  The inability to impact 

treatment decisions may be attributed in part to a lack of experience 

with GA, as well as a known lack of education on geriatrics in medical 

curricula.  Many oncology professionals therefore feel ill-equipped to 

interpret the findings of a GA.  Despite the fact that the majority of 

patients with cancer are older, most oncologists receive little training 

in the specialised care of older patients [41].  When an older patient 

presents to oncology, they are often segregated from their co-existing 

geriatric care, as the oncology and geriatric medicine disciplines 

often work in isolation, with little collaboration about patients.  There 

were no issues identified in the current study with regard to 

radiotherapy treatment compliance or toxicity.   A similar study (n=30) 

of radiotherapy patients [373], concluded that vitamin D deficiency 

and decreased gait speed correlated to radiotherapy toxicity  in older 

patients with cancer, however given the study sample, these results 

require further investigation in specific populations.   

GA has been shown to impact treatment decisions in cancer care, 

with variations in the literature extending from 20% to 49% impact 

[437]. Commonly, less aggressive treatments are offered, especially 

with regard to systemic treatments, and this is independent of who 

conducts the GA.  In larger trials by Kenis et al [186] and Decoster et 

al [187] modifications were mainly chemotherapy related and where 

no GA was carried out, radiotherapy decisions were only altered in 

0.4% of cases.  Caillet at al [188] also reported similar results, with 
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the most common change in treatment decision being a switch from 

chemotherapy to supportive care. Studies similarly suggest that the 

impact of GA may be limited to patients undergoing more toxic 

treatments, such as chemotherapy and targeted therapy [187, 189].  

Neve et al [200], in a small study of head and neck cancer patients 

undergoing radiotherapy, found that patients identified as vulnerable 

by G8, were less likely to complete radiotherapy.  On a larger scale, 

Pignon et al [438] reported that there should be “no age limit for 

radical radiotherapy in head and neck tumours” in a pivotal meta-

analysis, in 1996, collating data from 1,589 patients (26% of whom 

were over the age of 65 years) enrolled in five EORTC trials. No 

differences were observed in overall survival, locoregional control, 

acute objective mucosal reactions, weight loss, and late effects. 

However, mucositis was much more pronounced in older adults, as 

well as other acute toxicities requiring timely and efficacious 

supportive care, including GA.  It could be argued that this meta-

analysis is now somewhat outdated, but subsequent studies have 

testified to the significance of toxicity in older head and neck cancer 

patients [439].  We did not ascertain the predictive power of the G8 

screening tool in the current study, however as stated previously, our 

patient population was predominantly fit to begin with and did not 

include head and neck cancer patients, who could potentially benefit 

more from GA, as demonstrated in other studies [204, 440]. 

Spyropoulou et al [197], in a general radiotherapy patient population 

(n=230) found that patients >75 years with higher VES-13 scores 

were less likely to complete radiotherapy, independent of other 

factors that might affect radiotherapy completion.  VES-13 is largely 

based on functional status, which correlates somewhat with the 

results of the current study, that demonstrated greater functional 

dependence over time. 
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Context is also important in terms of integrating GA into oncology.  It 

would be ideal if every department had regular access to a 

geriatrician.  This may afford greater credibility and influence in the 

treatment decision making process.  Unfortunately, the current 

worldwide shortage of geriatricians [441] means that most centres 

must attempt to integrate GA, using existing resources and expertise.  

Timing is also important. Horgan et al [190] found that when the 

treatment plan was decided before GA, it altered the decision in only 

one patient, whereas when the treatment plan was undecided at the 

time of referral, the GA impacted the final treatment decision in 83% 

of cases.  The ideal time for intervention is before discussion of the 

patient case at the multidisciplinary meeting, before the patient is 

referred for radiotherapy/chemotherapy or other modality. 

The most significant finding in the current study, was the number of 

previously unknown issues that were identified by GA that clinicians 

may not have detected by routine assessment.  These were identified 

and relayed to the medical team in 7 out of 15 patients in the 

intervention arm.   Previous studies looking at the impact of GA on 

treatment decisions, reported intervention rates in the region of 

approximately 70% [437].  Social support and management of 

polypharmacy were the most commonly reported concerns, followed 

by nutritional deficits and finally psychological/ cognitive/mobility/falls 

risk/comorbidities in the remaining 20% of cases. 

Adequate social support is important for a range of physical and 

mental health outcomes [442, 443], including cancer survival [444-

446] and is closely related to quality of life.  Social support is also 

important for those who are required to attend oncology treatments 

e.g. attending daily radiotherapy treatments.  Many may already be 

in a caregiving role, or may require caregivers themselves at some 

point in the future, as a result of cancer, or its treatment.   
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Polypharmacy is most likely linked to the treatment of both cancer 

and other comorbidities and should be assessed to ensure the 

appropriateness of all medications [140]. It is widely recognised that 

polypharmacy is common in patients with cancer [447, 448], and 

more attention should be paid to assessing and 

optimising polypharmacy which could potentially lead to 

improvements in adverse drug reactions, medical costs, and quality 

of life [449].   Polypharmacy is also linked to increased risk of falls, 

which is another outcome that has significant implications for older 

patients [450]. 

Most oncology departments do not employ routine screening for falls 

risk.  Screening for falls is recommended for all older adults with 

cancer [451], as research suggests that falls have a negative impact 

on quality of life, due to traumatic injury, subsequent fear of falling, 

and increased dependence.  Screening for and correcting reversible 

risk factors, in combination with falls prevention education, are 

considered essential in reducing falls. 

One of the most important findings in the current pilot study was in 

relation to cognitive status.  One patient with an MMSE score of 20 

had been lost to followup with the dementia services.  Another patient 

(aged 89) who was referred to geriatric medicine for numerous 

deficits, was diagnosed with dementia.  While these findings did not 

impact on the radiotherapeutic approach, they are important.  A basic 

assumption of informed consent for treatment is that patients have 

capacity.  Undiagnosed dementia is very prevalent in the published 

literature in the acute hospital setting, ranging from 20% to 50% [103, 

452], and is expected to increase in the coming decades [101].  Early 

diagnosis of cognitive impairment is important in order to implement 

earlier treatment and effective management [453].  However, 

oncologists often feel unable to manage or diagnose cognitive 
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impairment. Therefore, baseline measurement of cognition should be 

included for all older patients at a minimum.   

4.5.1 Recommendations for a Full Trial 

Traditionally, trials in geriatric oncology tend to include mixed patient 

populations.  Given the difficulties in data interpretation and the 

multiple confounding factors that may present themselves, there is a 

great need to develop site specific guidelines for patient care and a 

greater body of research on how age-related differences manifest 

and interact with (radiotherapy) treatment.  In our study, there was a 

preponderance of prostate cancer patients, which highlights the 

feasibility of focussing on this patient group in our institution for a 

more definitive trial.  It also highlights the need to expand inclusion 

criteria and recruitment to other sites, typically in greater need of GA 

and supportive care, e.g. head and neck cancer patients.  

Minimisation [436] by age is an additional measure that aids equal 

distribution of patients between the control and intervention arms of 

randomised controlled trials in order to overcome unequal allocation, 

as observed in the current study.   

This study included mostly fit patients, future research efforts should 

broaden inclusion criteria in order to represent the wider spectrum of 

patients encountered in a clinical setting, and have been used in 

other studies[431].    

Using the framework proposed by the ADePT process [422] provided 

greater transparency in  deciding what to change in the light of the 

pilot study findings (see Fig 4.2).  The suggested modifications, which 

can be considered to have internal validity only, as this was a single 

institution study, include refinement of trial design features and 

adaptations to older patients, such as facilitating convenience, giving 
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greater consideration to the timing of recruitment and offering 

incentives to clinicians to recruit a larger percentage of older patients. 

Other institutional factors influenced the recruitment rate e.g. the 

introduction of the study by the clinician rather than the researcher, 

as well as competing studies in the same centre.  At the time, there 

were also some issues with bed capacity, which have since been 

resolved, which almost definitely impacted the number of vulnerable 

or frail patients undergoing treatment in the St. James’s centre.  All 

of these factors should be investigated in future studies in order to 

ensure inclusion of a broader range of frailty.   

4.5.2 Strengths and Limitations 

This first pilot geriatric oncology programme highlighted a number of 

unknown limitations in relation to GA for patients undergoing 

radiotherapy treatment.  It also highlighted the feasibility of 

implementing GA in radiation oncology. 

The results of this small heterogeneous sample of radiotherapy 

patients need to be interpreted with caution, however.  The impact on 

decision making may reflect a lack of experience and familiarity with 

GA and how to interpret it, as well as an obvious gap in the literature 

as to how it affects radiotherapy patient outcomes. 

Due to the nature of the pilot study, full blinding was not possible. In 

addition, as this study included a variety of cancer sites, it is possible 

that numerous confounding factors existed, limiting interpretation of 

results.   

A further limitation of this study is the small sample size and low 

recruitment rate. 
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Primary tumour type and radiotherapy doses employed were not 

directly comparable by virtue of the heterogeneous nature of our 

sample. The general performance status of all patients was good and 

the majority would be considered fit by CGA. 

There was an indication that participants who entered the study were 

relatively young in terms of the target patient group that was initially 

aimed for (median age 73) i.e. the majority of patients were in the 

“young old” category.  

4.6 Conclusion 

GA had no effect on radiotherapy decision making in this small 

sample of radiotherapy patients from a mixed patient population, the 

majority of whom were prostate cancer patients.  The study sample 

included predominantly fit and relatively young patients, which 

undoubtedly impacted these results.  There were no significant 

differences between the study groups in terms of baseline and 

followup GA results, however there was a trend towards greater 

dependence and increased vulnerability. There were no issues 

identified with regard to radiotherapy treatment compliance or 

toxicity.   The most significant finding in the current study, was the 

number of previously unknown issues that were identified by GA, that 

clinicians may not have detected by routine assessment.  

Based on these preliminary results, recommendations for future 

research include investigation of:  1] longitudinal changes in GA 

domains and whether there is evidence of decline after radiotherapy 

completion and 2] identification of the prognostic factors indicative of 

poor outcome for selected and more defined patient groups 

undergoing radiotherapy, incorporating previous recommendations 

on consideration of optimal trial design in an older patient population. 
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5 TILDA Study 1 

5.1  Introduction 

This chapter presents the methodology, results and discussion of the 

third study undertaken as part of this thesis.  The findings of the 

previously described Delphi study (see Chapter 3) and pilot geriatric 

oncology study (see Chapter 4) informed this followup study 

investigating the impact of a cancer diagnosis on key domains of 

geriatric assessment (GA), using longitudinal data from The Irish 

LongituDinal Study on Ageing (TILDA).  The initial studies 

undertaken for this thesis set out to identify the important factors to 

assess in older adults with cancer from a theoretical and clinical 

context.  As part of the Delphi study, panellists rated functional status 

(subjective and objective measures) as the most important domain in 

influencing oncology decisions, followed by comorbidities and 

cognition.  Other domains i.e. nutritional status, social support, 

polypharmacy and psychological status, did not reach consensus in 

relation to overall importance.   Therefore the aim of this chapter is to 

ascertain the prevalence of impairments in these domains in cancer 

survivors, versus non-cancer controls, and investigate the overall 

impact of a cancer diagnosis on QoL.  QoL may be broadly defined 

as “an individual’s or group’s perceived physical and mental health 

over time” [454].  All GA domains will be investigated for the purpose 

of this study, in order to ascertain the importance of those reaching 

consensus, as well as those that did not.  This is justified as it seeks 

to verify previous studies undertaken as part of this PhD. 

Cancer is increasingly recognised as a chronic disease, with 

appropriate survivorship care needed in order to enhance the quality 

of life of patients with cancer.  Improvements in treatment and 

enhanced access to oncologic treatment has improved survival in 

Ireland [455].  Ireland’s five year survival rate increased by 33% 
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between 1994 and 2012.  In the UK, half of people diagnosed with 

cancer are now reaching 10 year survival [456]. In 2016, 

approximately 60% of the 16 million cancer survivors in the USA were 

aged 65 and over [457]. By 2040, it is expected that this will increase 

to about two‐thirds of all cancer survivors [458]. 

Enhanced survivorship care will become more of an issue in the 

future, with recent predictions from the National Cancer Registry of 

Ireland estimating an approximate doubling in the number of cancer 

cases by 2045 [9].  Cancer is predominantly a disease of older people 

[459], therefore considerations of more age appropriate care in the 

survivorship phase are greatly needed. 

The term “cancer survivor” is ill-defined at present.  The US National 

Coalition for Cancer Survivorship (NCCS) states that an individual is 

a cancer survivor from the time of diagnosis, through to the remainder 

of his or her life [460].  The European Organisation for Research and 

Treatment of Cancer (EORTC) provides an alternate definition of 

someone who has received a cancer diagnosis, has completed their 

primary treatment (not including any ongoing maintenance therapy), 

and has no evidence of active disease [461].  For the purpose of this 

study, the former definition is preferred, in the absence of confirming 

clinical evidence of disease status. 

Cancer survivors bear a greater burden of illness compared to their 

age-matched equivalents [462, 463]. In addition to the physical health 

burden, there is an increase in mental health issues and decreased 

QoL. There is some evidence to suggest that cancer and its 

management may accelerate the aging process [464], but the patient 

characteristics of those at greatest risk are currently unknown [465].   

Comprehensive Geriatric Assessment (CGA) is defined as a 

“multidimensional interdisciplinary diagnostic process focussed on 

determining an older person’s medical, psychological and functional 
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capability in order to develop a coordinated and integrated plan for 

treatment and long term follow up” [87].   It is based on the 

assessment of accumulation of deficits, on CGA domains.  This 

assessment can provide a broader overall understanding of 

individual characteristics that affect life expectancy, functional 

decline, cognition and patient’s own wishes, as well as how oncologic 

treatment might affect them [88].   

It is often abbreviated to GA in oncology, and has utility in the 

survivorship phase, as well as during treatment.  Although there is an 

increased focus on the need for survivorship data, research to date 

has been scant, compared to that of the active treatment phase [466, 

467].   Recently, patient-reported outcomes (PROs), as an adjunct to 

clinical data, are used in follow-up. These help us to understand the 

patient’s trajectory through survivorship care. PROs are defined as 

“any report of a patient’s health status, provided directly by the patient 

without amendment or interpretation from a clinician or others”[468] .   

From a research perspective, there is little follow-up information with 

respect to GA measures and how the level of function impacts the 

everyday lives of patients after a diagnosis of cancer.  The emphasis 

in current studies is often on CGA deficits during the treatment period, 

without regard for patient function at follow-up.  There is an 

associated health policy implication for long-term CGA deficits, with 

a known association with healthcare utilisation in the general 

population [469], which is as yet, largely unknown or unexplored in 

the published literature for those affected by cancer. 

The Institute of Medicine (USA), the American Society of Clinical 

Oncology (ASCO) and other institutions have specifically identified 

survivorship issues for older adults with cancer as a key research 

priority [258, 465].To inform policy, additional evidence is required 

about the relationship between more age appropriate research 

endpoints, as defined by CGA, e.g. physical function and cognitive 
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performance, and their impact on daily life for cancer survivors.   

Longitudinal studies are the perfect resource to investigate 

survivorship care. 

TILDA, in particular, is an invaluable resource from an Irish 

perspective.  A major advantage of TILDA is the objective information 

provided e.g. Mini Mental State Examination (MMSE), Timed Up and 

Go (TUG), grip strength, as well as self-reported symptoms, physical 

function, self-rated health, mental health status and QoL.  This 

chapter focuses on the outcomes of interest, as identified in Chapter 

3 (consensus and non-consensus items), and the prevalence of 

impairments in (older) cancer survivors, using objective and 

subjective measures from TILDA. 

5.1.1 Study Aims 

The aim of this study was to investigate to what extent community-

dwelling older adults with cancer different from their non-cancer 

community dwelling counterparts. This thesis chapter used data from 

Waves 1 to 4 of TILDA, which were collected between 2009 and 

2016, at approximately two-yearly intervals.  

The study objectives were: 

1.  To compare cancer survivors to their non-cancer controls, in 

relation to physical, cognitive, psychological and social health and 

wellbeing, using data from Wave 1 of TILDA. 

2. To investigate the acute and longitudinal impact of a cancer 

diagnosis and treatment on the overall health and wellbeing of older 

adults with cancer living in the community during the 

diagnostic/treatment phase, and the follow-up period, using the pre-

diagnostic phase as a baseline measure of function. 
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5.2 Methodology 

5.2.1 The Irish Longitudinal Study on Ageing (TILDA) 
Design 

TILDA is a population based study of adults aged 50 and over, with 

the aims of (1) providing comprehensive baseline data on older 

people living in Ireland, (2) investigating factors influencing age-

related health, (3) empowering older people to have a voice in Irish 

society and (4) providing the infrastructure for gerontological 

research.  The overarching aim is to provide an evidence base which 

can be used to influence policy and practice, to examine biomarkers 

of ageing and to investigate how economic and social factors affect 

health and wellbeing.  The three main domains of TILDA are health, 

economics and social function. 

5.2.2  TILDA Data Collection 

In order to ensure a nationally representative sample was achieved,  

the ‘RANSAM’ sampling procedure, initially developed by the 

Economic and Social Research Institute (ESRI) based on the Irish 

GeoDirectory, was used [470].  A comprehensive mapping of all 

residential addresses in Ireland was compiled by Ordnance Survey 

Ireland. Clusters were formed based on district Electoral Divisions 

(EDs), with 500-1180 addresses in each cluster. Of the total 3,155 

clusters, 640 were stratified according to socioeconomic status, age 

and geographical location. Forty addresses in each of the 640 

clusters were then chosen as the initial sample in Wave 1. 

Invitation letters were issued to all addresses selected.  Each of the 

selected addresses was then visited by a trained social interviewer, 

who ascertained eligibility of all persons aged 50 or over to participate 

in the survey.  The response rate was 62% and 8,504 people agreed 

to participate in Wave 1.   The major inclusion criterion for the study 
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was being aged 50 years or older (although spouses/partners of any 

age were also included), community-dwelling and cognitively capable 

of providing informed consent to participate.  Therefore, the study 

excludes those resident in nursing homes and other institutions in 

Wave 1.  These individuals were included in subsequent waves as 

part of follow-up.  Further detail of the study design are described 

elsewhere [471].  

5.2.3 TILDA Study Procedures 

TILDA data collection consists of three main components:  

(1) A structured Computer Aided Personal Interview (CAPI) with a 

trained professional social interviewer in the participant’s home. 

 (2) A ‘self-completion questionnaire’ (SCQ) to be completed and 

returned to TILDA by mail.  A summary of data collected via CAPI 

and SCQ is provided in Figure 5.1.  

(3) At Waves 1 and 3, each participant was invited to undergo a 

health assessment, either a full health assessment at a specialised 

TILDA health centre, or a modified partial assessment in their own 

home where travel to a designated centre was not feasible, or 

desired.  

The health assessment was carried out in either Dublin or Cork in 

Wave 1, and Dublin only in Wave 3, and took approximately three 

hours in total to complete.  Participants were reimbursed for the cost 

of attending TILDA health centres, and the time period between 

waves was approximately two years for CAPI and SCQ.  

From Wave 2 onwards, a proxy interview was completed by a close 

family member or friend if a participant was unable to complete the 

interview themselves, due to physical or cognitive impairment.  If a 
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participant had passed away between waves, a family member or 

close friend was asked to complete an End-of-Life (EOL) interview 

on their behalf.  The latter could also be deferred to the next wave.  

Only self interviews (i.e. excluding proxy and EOL interviews) were 

deemed eligible for inclusion in the current study, due to the largely 

subjective nature of most outcomes of interest.  

 

Figure 5.1 Summary of data collected in TILDA CAPI and Self-
Completion Questionnaire (SCQ) 
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5.2.3.1.1 Wave 1 

Data collection for Wave 1 on 8,504 participants took place between 

October 2009 and February 2011, with 85% (n=7,196) and 72% 

(n=6,150) completing the SCQ and health assessment, 

respectively.  All participants completed the CAPI. 

5.2.3.1.2 Wave 2 

Data collection for Wave 2 commenced in February 2012 and was 

completed in March 2013.  7,375 (88%) participants in Wave 2 

completed the CAPI, while 6,274 (85%) completed the SCQ. Wave 2 

data collection consisted of the CAPI and SCQ items only, with no 

health assessment.  However, some aspects of the health 

assessment were included in the CAPI assessment from Wave 2 

onwards i.e. the Mini Mental State Examination (MMSE) and Timed 

Up and Go (TUG) test.  

5.2.3.1.3 Wave 3 

The third wave began in March 2014 and was completed in October 

2015.  In total, 6,566 (85%) participants completed the CAPI, while 

81% (n=5,391) completed the health assessment.  The majority of 

health assessments were completed in the Dublin centre (n=4,307) 

and 20% opted for a home assessment (n=1,057).  The 

corresponding SCQ response rate was 85% (n=5,565). 

5.2.3.1.4 Wave 4 

The fourth wave took place from January to December 2016, and 

included 5,856 home interviews (CAPI), representing an 84% 

response rate.  A total of 5,064 SCQs were returned, representing an 

86% response rate.  As for Wave 2, there was no health assessment, 
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but some measures e.g. TUG and grip strength, were taken in the 

home. 

Figure 5.2 provides a summary of the data collection and timeframes 

in TILDA.   

 

Figure 5.2 Summary of data collection and timeframes in TILDA 

 

5.2.3.2 Cross-Sectional Analysis 

The cross-sectional sample used data on health and well-being from 

participants reporting a cancer diagnosis in Wave 1, comparing them 

to control participants who were cancer-free.  A cancer diagnosis was 

defined as answering ‘yes’ to the question: “Has a doctor ever told 

you that you have any of the following conditions?”, with the option of 

“cancer or a malignant tumour”. If they said yes they were asked ‘In 

which organ or part of the body have you or have you had cancer?” 

with various options presented for the most common cancer types, 

and “other” or “don’t know”.  

Due to the limitations of self-report, and in the absence of 

pathological confirmation of cancer type, all cancer diagnoses were 

Wave 1 
2009-2011

•CAPI
•SCQ
•Health 

assessment

Wave 2
2012-2013

•CAPI
•SCQ

Wave 3
2014-2015

•CAPI
•SCQ
•Health 

assessment

Wave 4
2016

•CAPI
•SCQ
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included.  All ages were included due to the relatively small sample 

size (n=522) for those diagnosed with cancer. 

5.2.3.1 Longitudinal Analysis 

In order to ascertain the acute impact of a cancer diagnosis and 

treatment, and to control for time since diagnosis, a longitudinal 

analysis was also conducted.  The longitudinal sample used data 

from participants reporting a new cancer diagnosis in Wave 2 or 3, 

comparing them to control participants who were cancer-free.  Again, 

for this analysis, all cancer types were included.   

The first wave in which the participant reported a cancer diagnosis 

became the ‘peri-diagnosis' point (T1), the previous wave was their 

baseline point (T0), and the subsequent wave was their post-

diagnosis point (T2).  Thus Wave 1 represented the baseline for 

those with a new cancer diagnosis in Wave 2, with Wave 3 used for 

follow-up data.  Wave 2 was used as baseline measures for those 

reporting a new cancer diagnosis in Wave 3, with Wave 4 used as 

the follow-up period.  Therefore, three timepoints were required for 

data analysis.  

 

The comparison or control group was composed of participants who 

did not report a cancer diagnosis in any wave.  Data from Waves 1, 

2 and 3 were used as T0, T1 and T2, respectively, for the control 

group. These were chosen as there was more information available 

in terms of health assessment in Waves 1 and 3, compared to Waves 

2 and 4.  All four waves were not used, as this might introduce a bias 

related to a longer follow-up time period, compared to the cancer 

group.  For both samples, only individuals with data available in three 

consecutive waves for at least one variable of interest, were deemed 

eligible for inclusion.   

Participants who had reported a cancer diagnosis at Wave 1 were 

excluded, as well as those who went on to report a new cancer 

diagnosis at Wave 4, because of the absence of baseline or post-
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diagnosis data, as well as the possible influence on the control group 

analysis. 

5.2.4 Exclusion Criteria for Longitudinal Analysis 

Exclusion criteria for the longitudinal sample included individuals 

with: 

• A diagnosis of cancer in excess of two years for the cancer 

group in the longitudinal sample analysis. 

• Proxy interviews at any wave. 

• Incomplete data for the outcomes of interest at three 

successive waves. 

• Anyone with a previous cancer diagnosis was excluded from 

the control arm for Waves 1 and 4. 

5.2.5 Study Measures 

5.2.5.1 Sociodemographics 

Age, gender and education were all collected by self-report during 

the CAPI. Education was categorised as primary only, secondary 

education or third level education and above.   

 

Following on from the previous analyses (Chapters 3 and 4), the 

below domains of GA (see Table 5.1) were investigated as part of 

this TILDA study.  Where the corresponding measure was not 

available, another item was chosen that represented a reasonable 

alternative and validated measure.
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Domain Assessment tool Corresponding TILDA 
measure 

Functional status ADL  
IADL 
Falls history 

ADL (CAPI) 
IADL (CAPI) 
Falls history (CAPI) 

Objective physical      
performance  

TUG TUG (health assessment 
Waves 1 and 3, CAPI Waves 
2 and 4) 

Comorbidity Charlson Comorbidity 
Index (age-adjusted) 

Range of chronic 
conditions derived from 
TILDA data (CAPI) 

Nutrition MNA-SF No comparable indicator-
therefore excluded 

Social support Patient history/caregiver 
interview 

Social connectedness score 
(CAPI) 

Polypharmacy Number of total 
medications 

Polypharmacy (CAPI) 

Psychological status GDS 
Patient history/interview 

CES-D (CAPI) 

Global Cognition MMSE MMSE (health assessment 
Wave 1, CAPI Waves 2-4) 
 

ADL, Activities of daily living; IADL, Instrumental Activities of Daily Living; TUG, 
Timed Up and Go test; MNA SF, Mini Nutritional Assessment Short Form; GDS, 
Geriatric Depression Scale;  CES-D, Center for Epidemiologic Studies Depression 
scale; MMSE, Mini Mental State Examination;  CAPI, Computer-Assisted 
Personal Interview 

Table 5.1 List of study measures to be used in TILDA compared to 
Delphi study 

 

5.2.5.1 Physical Function Measures 

5.2.5.1.1 Activities of Daily Living (ADLs) 

Activities of daily living (ADLs) were assessed in the CAPI by asking 

participants if they had difficulty performing six everyday activities, 

including dressing, bathing, feeding, getting in and out of bed, 

toileting and walking across a room [110].  A binary (yes/no) response 

was used for each item, with scores ranging from 0 to 6 according to 
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the number of ADLs with which a participant reported difficulties. A 

dichotomous variable was created to distinguish between 

participants reporting any ADL impairment (score of 1 or more) and 

those with no ADL impairment (score of 0). 

5.2.5.1.2 Instrumental Activities of Daily Living 

Instrumental activities of daily living (IADLs) were also assessed in 

the CAPI, by asking participants whether they had difficulty preparing 

a hot meal, doing household chores, shopping for groceries, making 

telephone calls, taking medications or managing finances [110].  A 

binary (yes/no) response was used, with scores ranging from 0 to 6 

according to the number of IADLs with which a participant reported 

difficulties. A dichotomous variable was created to distinguish 

between participants reporting any IADL impairment (score of 1 or 

more) and those with no IADL impairment (score of 0). 

5.2.5.1.3 Falls History 

A history of falls was captured by asking respondents in the CAPI, 

whether they had fallen in the previous year (new participant) or since 

the last interview (subsequent waves), with a binary yes/no response 

used in all analyses.  

5.2.5.2 Objective Physical Performance 

5.2.5.2.1 Timed Up and Go (TUG) 

The Timed Up and Go (TUG) task involves rising from a chair, 

walking 3 metres at the participant’s normal pace, turning around, 

and walking back to the chair to sit down again [383].  It is a measure 

of walking speed, balance and coordination.  The time elapsed 

between hearing the “Go” command to returning and sitting with the 

participant’s back to the chair, was recorded with a stopwatch.   
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In TILDA health centres, a chair with armrests and seat height of 

46 cm was used for the TUG tests. For home-based assessments, a 

similar chair height was sought (seat height 40–50 cm), but not 

always feasible. For the purpose of this analysis, only TUG values 

with a corresponding chair height between 40-50cm, if conducted in 

the home, were included.   

TUG values were examined for the presence of extreme values, and 

possible coding error, and those that were deemed to appear 

significantly different to other physical function measures were 

excluded as possible errors. 

5.2.5.3 Comorbidity 

Comorbidity was assessed by answering ‘yes’ to the question: “Has 

a doctor ever told you that you have any of the following conditions?”  

i.e. lung disease, asthma, arthritis, osteoporosis, Parkinson’s 

disease, liver disease, stroke, heart failure, diabetes and high blood 

pressure.  For this variable, a composite measure was generated at 

each wave of these ten chronic conditions, which was then 

subcategorised as one of three categories: a) 0, b) 1, c) 2 or more.  

Four of these (lung disease, liver disease, heart failure and diabetes) 

are represented in the commonly used Charlson Comorbidity Index, 

however the latter could not be reproduced directly across four 

waves. As Charlson also includes “solid tumour, leukaemia and 

lymphoma”, which were already included in the analysis of the cancer 

group, these three categories were not deemed eligible for inclusion.  

Other items were selected for inclusion for comparison with similar, 

previously published studies. 

5.2.5.4 Social Support 

As patient interview regarding social support was not feasible, a 

corresponding measure of social support status was used from 
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TILDA dataset.  The Berkman-Syme Social Network Index [472] is a 

four item scale, which uses marital status, sociability (frequency of 

contact with children, relatives and friends), membership of church 

groups, and membership of voluntary organisations.  Aggregated 

scores from each of these four items provide an indicator of social 

connection from most isolated (0-1), moderately isolated (2), 

moderately integrated (3) to most integrated (4). 

5.2.5.5 Polypharmacy 

In TILDA, participants were asked to provide a list of medications.  

Polypharmacy was defined as the regular use of five or more 

medicines (excluding dietary supplements) [473].  This definition was 

chosen instead of the list of medications as it is commonly used to 

estimate the risk of frailty, disability, mortality, and falls. 

5.2.5.6 Psychological Status 

The Center for Epidemiologic Studies Depression Scale (CES-D) 

was used to measure depressive symptoms across all waves.  In 

Waves 1 and 2 the long form of the CES-D was used [474].  This is 

a 20 item scale, which measures various depressive symptoms, 

experienced during the previous week, and forms part of the CAPI 

assessment.  A cutoff score of ≥ 16, out of a possible 60,  is used to 

define clinically significant depressive symptoms.  For the purpose of 

this analysis, a dichotomised variable was created, using this cutoff 

score, which is associated with 100% sensitivity and 88% specificity 

for major depression in community dwelling older adults [475]. 

In Waves 3 and 4, the short form of the CES-D was used.  This is an 

8 item scale, with a score of 9/24 recommended for case level 

depression.  The corresponding sensitivity and specificity, using this 

cut-off, are 98% and 83% respectively [476].  For comparison with 
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the longer CES-D using in previous waves, the short form was also 

dichotomised. 

5.2.5.7 Global Cognition 

The MMSE was used to assess global cognition [397]. This is a 20 

item test, commonly used in clinical practice to screen for dementia, 

and includes the assessment of orientation to time and place, recall, 

attention, calculation, language abilities and visuospatial perception.  

The cut point established for the MMSE defines 'normal' cognitive 

function and is usually set at 24, however, it’s known to have floor 

and ceiling effects [399].  Therefore, MMSE errors i.e. the number of 

participant errors, subtracted from the total score of 30, were 

calculated and used in this analysis. 

5.2.5.8 Quality of Life 

QoL was measured using the CASP-19 [477] for Waves 1 and 2, and 

a shorter version for Waves 3 and 4 – the CASP-12.  The latter 

version used 12 items from the original CASP-19.  Thus it was 

possible for the purpose of this analysis to deduce a CASP-12 score 

for Waves 1 and 2, by scoring the 12 items used in CASP-12.  The 

CASP-12 consists of 12 statements such as: I can do the things that 

I want to do, I look forward to each day, and I feel that life is full of 

opportunities. These statements are part of the SCQ and participants 

are asked to indicate how often (often, sometimes, not often, or 

never) they feel each statement to be true for their current lives. Each 

item is scored from 0 to 3 and summed to give an overall score (range 

0 to 36), with higher scores indicating better QoL.  

5.2.6 Statistical Analysis 

This study comprises both cross-sectional and longitudinal 

information.   
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5.2.6.1 Cross-sectional Analysis  

Participants from Wave 1 only were analysed to ascertain the 

difference between those with a cancer diagnosis and without, with 

respect to the outcomes of interest. Descriptive statistical data were 

summarised as frequencies and percentages for categorical 

variables, and means (standard deviations, SD) for other continuous 

variables.  T-tests and chi-square tests were used to ascertain the 

difference between the cancer and control group at each timepoint, 

as mandated by variable type and associated tests of normality.  Non-

parametric equivalents were carried out for skewed data i.e. the 

Mann-Whitney U test for continuous data. 

5.2.6.2 Longitudinal Analysis 

Participants with a cancer diagnosis in Wave 2 or 3 were included in 

the longitudinal analysis, in order to ascertain the impact of a cancer 

diagnosis.  Differences in function for both groups over time 

(longitudinal data) were assessed using generalised estimating 

equations (GEEs).  

GEEs, developed by Liang and Zeger [478] for repeated measures 

research design, were used to investigate differences between the 

control and cancer group over successive waves of TILDA i.e. the 

group x time interaction.  For the purpose of this analysis, those 

reporting a cancer diagnosis for the first time in Waves 2 and 3, were 

combined. 

5.2.6.2.1 Generalised Estimating Equations (GEE) 

The GEE methodology is based on the quasi-likelihood theory and 

takes into account that there are multiple valuations reported by the 

same participants, and unlike traditional regression methods, the 

assumption of independence is not required for GEE models.  GEEs 
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were considered the most appropriate multivariate modelling 

technique, as unlike conventional repeated measures approaches, it 

is able to incorporate baseline data as well as all available data 

including those from participants with missing data over time.  It is an 

especially useful analysis for clinical and epidemiological longitudinal 

data where within subject correlated data are relatively common.  

GEE modelling allows the analysis of data without transforming it and 

therefore produces easily interpretable and communicable results. 

GEE models are partial-likelihood, rather than full-likelihood, 

methods. The main advantage of this is that a wide variety of 

outcome measures with different distributional forms may be used 

with ease in GEE analysis [479].  GEEs represent an extension of 

generalized linear models (GLMs) to allow for regression analyses of 

both normally and non-normally distributed dependent variables, and 

can be used to evaluate both categorical and continuous 

independent variables.  The focus of GEE analysis is to provide a 

population-averaged, or marginal model, rather than prediction 

based on a given individual [479].  Therefore, for every unit increase 

in a covariate across the population, GEEs estimate the effect on the 

average population response, and it is assumed that the data are of 

a clustered structure i.e. there are independent clusters of dependent 

observations. This clustering of observations is especially applicable 

to the design of TILDA.  GEE can also provide comparisons for 

unequal sample sizes [478]. 

Unlike a standard regression, a GEE model requires a number of 

specifications to be made at the analysis stage, these are detailed in 

Appendix 20.   

5.2.6.2.2 Specification of the Working Correlation Matrix 

The advantage of GEEs is that standard errors are correctly 

estimated, even if the correlation structure is misspecified. However, 
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correct specification of the correlation structure aids efficiency.  While 

GLMs are based on the maximum likelihood theory for independent 

observations [480], GEE is based on quasilikelihood theory [481] with 

no assumption about the distribution of response variables.  

Therefore, the widely used method for model selection in GLM, 

Akaike’s information criterion (AIC) [482], cannot be used in GEE.  

Model fit in the current study was therefore evaluated with the use of 

the model selection criteria originally described by Pan [483] the 

quasi-likelihood under the independence model criterion (QIC), an 

extension of the AIC method.  Selecting the correct correlation 

structure is an important step in GEE analysis, as an inappropriate 

choice may lead to inefficient parameter estimation i.e. with large 

sampling variability.  The QIC score is commonly used as a statistical 

basis for comparing model fit. In general, the smaller the value, the 

better the fit of the predictor combinations [483, 484]. Three variables 

(age, sex and education) were included, as well as the cancer group, 

because they were selected for subsequent GEE analysis.  Models 

were selected for each variable, using the method outlined by Cui 

[484].  

5.2.6.2.3 Sensitivity Analysis and Goodness of Fit 

As the responsiveness of GEE estimates to various correlation 

structures differs from one application to the next, sensitivity analyses 

are recommended [485]. One means by which this can be done is to 

estimate several GEE models, each time changing the correlation 

specification.  This was carried out for the current analysis. 

5.2.6.2.4 Robust Estimation for the Standard Error 

Robust standard errors (SEs), calculated using an empirical variance 

estimator, were also reported for the current study.  The robust option 

specifies that the Huber/White/sandwich estimator of variance be 

used in place of the traditional calculation. Robust SE calculation 
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does not affect the working correlation matrix that is selected in the 

process of fitting the model. However, it changes the standard error 

of the coefficients. This is an appropriate safeguard against choosing 

the incorrect working correlation structure, as using the 

Huber/White/sandwich estimator will remedy this to a certain extent 

[485]. 

5.2.6.3 Application of GEE to the Current Study 

To investigate the effect of a cancer diagnosis on GA domains, 

separate GEEs were used.  This allows the estimation of differences 

between the cancer and control group for the GA domain of interest, 

including any changes over time i.e. from pre-diagnosis to post-

diagnosis, and group-by-time interactions.  Each GEE model 

included the effect of group, and the effect of time (wave from which 

the data was taken i.e. T0, T1 or T2).  This group-by-time interaction 

provides an estimate of the change from baseline for the cancer 

group, versus the change from baseline for the control group. 

Unadjusted analysis estimating change from baseline to follow-up in 

the cancer group was followed by an analysis with age, sex and 

education as control variables. Age and outcomes of interest were 

categorized as time varying, while gender, educational attainment 

and cancer status, were entered as factor variables in all analyses. 

For the outcomes of interest, univariate and multivariate GEE models 

were specified with a distribution specific to the variable type, a link 

function and the relevant correlation matrix, chosen as per the 

method above (these are indicated with the relevant results below).  

Crude and adjusted Beta coefficients with 95% confidence intervals 

are presented for all variables.  All analyses were performed using 

Stata version 12.1 (Stata Corporation, College Station, TX, USA). 
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5.2.6.4 Missing Data 

There are several approaches to dealing with missing data in 

longitudinal data analysis, including complete data analysis, available 

data analysis and multiple imputation methods.  Complete data 

analysis only includes participants who have data at all timepoints.  

Available data analysis includes all participants, whether they have 

complete data or not.  The last approach is to impute missing 

responses.  Generally GEE analysis takes the approach of available 

data analysis, and the assumption is that data are missing completely 

at random (MCAR) [486].  In the current study, complete case 

analysis was chosen, and therefore no missing data were imputed.   

5.2.7 Sampling Weights 

In addition, TILDA sampling weights were applied in order to ensure 

the results were nationally representative [487].  These account for 

differences in response rates by subgroups of the population and 

have been estimated by comparing demographic characteristics of 

TILDA study cohort (CAPI Wave 1) to the national population, as 

described by the 2011 census.  Sociodemographics such as age, 

sex, educational attainment, marital status and urban/rural location 

were used in this calculation to ensure a nationally representative 

sample and reduce selection bias.  Data from the 2006 and 2011 

census, as well as the 2010  Quarterly National Household Survey 

(QNHS) were used to construct a TILDA sampling weight based on 

age, sex and education [488].  The 2011 census weight was used in 

the current analysis, as it is more recent.  Variations in response rate 

are specific to TILDA, as demonstrated earlier, therefore sampling 

weights have been devised for the CAPI, SCQ and health 

assessment (centre or home based).  Therefore, CAPI weights were 

applied for measures obtained in CAPI, health assessment weights 

for those obtained during a health assessment and SCQ weights for 

outcomes of interest from SCQ.  It isn’t feasible to apply survey 
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weights to GEE analysis in STATA, and using this approach already 

produces population averaged results, as described above.  

Likewise, it isn’t feasible to include similar sampling weights by 

cancer type, as the population with cancer was too small, and 

relatively heterogeneous. 

5.2.8 Correction for Multiple Comparisons 

In instances of multiple comparisons, which increase the risk of Type 

I error i.e. rejecting the null hypothesis when it is true, a Benjamini-

Hochberg correction [489], was applied to control the false discovery 

rate (FDR).  This provided an adjusted α =0.005 i.e. values of less 

than or equal to 0.005 were considered significant.  For further 

details, the calculation of the FDR (set at 0.25 for all calculations) is 

contained in Appendix 21.  Both unadjusted p values and indicators 

of statistical significance following Benjamini-Hochberg adjustment 

are presented in tables for ease of interpretation.  This correction was 

applied for both cross-sectional and longitudinal analyses. 

5.2.9 Ethical Approval 

Ethical approval for all waves of the study was obtained from the 

Faculty of Health Sciences Research Ethics Committee at Trinity 

College Dublin.  

TILDA is compliant with Trinity College Dublin (TCD) policy in relation 

to data protection, and all relevant data protection legislation. 



 

Chapter 5 

 

209 

 

5.3 Results 

5.3.1 Cross Sectional Analysis 

5.3.1.1 Wave 1 Study Sample 

The demographic characteristics of the cross-sectional (Wave 1) 

study sample are shown in Table 5.2.  In total, there were 522 

participants with cancer in Wave 1, and 7,982 without. The cancer 

group was marginally older (p<0.001), with a mean age of 65.77, in 

comparison to the control arm, whose mean age was 62.97.  The 

sample included mostly females; 60.34% of the cancer group was 

female, compared to 55.24% of the control arm.    

Characteristic Cancer group 
 

Control group 
 

Difference  

n (%) Mean 
(SD) 

n  
(%) 

Mean 
(SD) 

p value 

Age 522 
(6.15%) 

 7,970 
(93.85%) 

  
 
<0.001* 
 

 65.77 
(9.68) 

 62.97 
(10.22) 

Sex     0.02 
   Female 315 

(60.34) 
 4,409 

(55.24) 
  

   Male 207 
(39.66) 

 3,573 
(44.76) 

  

Education Level      0.62 
   Primary 167 

(31.99) 
 2,354 

(29.49) 
  

   Secondary 206 
(39.46) 

 3,225 
(40.40) 

  

   Third Level  149 
(28.54) 

 2,399 
(30.06) 

  

Marital Status     0.13 
   Married 351 

(67.24) 
 5,615 

(70.35) 
  

   Not married 171 
(32.76) 

 2,367 
(29.65) 

  

*indicates significance at adjusted p value following Benjamini-Hochberg 
correction 
n=12 of the control group were missing data for age variable, and 4 for education 
variable 

 

Table 5.2 Demographic characteristics of the cancer and control group 
at Wave 1 
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Marital status was similar in the cancer and control arms, with over 

two-thirds of both groups being married. 

5.3.1.2 Disease and Treatment Characteristics Wave 1 

The average time since diagnosis was 21.6 years, with a range of 0-

53 years (median 20.5).  With regard to cancer type, the majority of 

cases were breast cancer in women (n=174), followed by prostate 

cancer in men (n=93).  Other sites, in order of prevalence, included: 

colon/rectum (n=68), melanoma(skin) (n=48), Non-Hodgkin’s 

Lymphoma (n=15), bladder (n=13), lung (n=13), cervix (n=12), ovary 

(n=12), stomach (n=8), leukaemia (n=7), brain (n=7), oral cavity 

(n=7), kidney (n=6), larynx (n=5), endometrium (n=5), liver (n=5), 

oesophagus (n=4), thyroid (n=3), testicle (n=3), pancreas (n=1).  

Thirteen were classified as “other”. 

Surgery was the most commonly used treatment modality (n=324), 

followed by radiotherapy (n=225) and chemotherapy (n=173).  These 

modalities were employed on their own, or in combination.  There 

was not a specific category for hormone therapy, but 120 reported 

receiving “medication”, 7 were classified as “other” and 29 did not 

receive any cancer-directed treatment. 

Sixty-four participants received trimodality treatment of surgery, 

chemotherapy and radiotherapy, 113 chemotherapy combined with 

surgery, 115 surgery combined with radiation therapy and 116 

chemo-radiation.  In relation to monotherapy, 28 received 

chemotherapy alone for their cancer, 159 surgery alone and 77 

radiation therapy alone. 

 

5.3.1.3 GA Outcomes Wave 1 

A cross-sectional comparison of the outcomes of interest may be 

viewed in Table 5.3.  Both ADL and IADL disability were higher in the 

cancer arm, compared to the control group, however, this was not 

statistically significant.  
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Falls were also more common in those with a history of cancer 

(25.5% versus 19.4%), as well as having two or more chronic 

conditions (33.8% versus 26.5%).  A significantly greater proportion 

of participants diagnosed with cancer experienced polypharmacy 

(29.3% versus 19.8%).  Social connectedness, depression, global 

cognition (measured by MMSE errors) and QoL did not differ greatly 

between both groups. 
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 Cancer 

group 
% [CI] 

Control 
group 
% [CI] 

Difference between 
both groups  
P value 

ADL Disability   11.55 
[8.58,15.37] 

8.21 
[7.50,8.97]] 

0.03 
 

IADL Disability   9.23 
[6.57,12.81] 

6.88 
[6.20,7.62] 

0.10 

TUG (sec) 
 

9.02 
[8.67,9.37] 

9.02 
[8.91,9.13] 

0.53 

History of Falls (in 
previous year) 
 

25.49 
[21.20,30.32] 

19.38 
[18.35,20.45] 

0.005* 

Chronic conditions  
(2 or more)  

33.82 
[28.93,39.07] 

26.46 
[25.32,27.63] 

<0.001* 

Social 
connectedness 
(Berkman-Syme 
Social Network 
Index) 
Most isolated (0) 
 
Most isolated (1) 
 
Moderately isolated 
(2) 
Moderately 
integrated (3) 
 
Most integrated (4) 

 
 
 
 
 

- 
 

9.35 
[6.29,13.69] 
28.03 
[23.26,33.35] 
 
37.90 
[32.67,43.43] 
24.72 
[20.52,29.45] 

 
 
 
 
 
0.37 
[0.22,0.61] 
7.13 
[6.37,7.97] 
28.32 
[27.04,29.63] 
 
40.79 
[39.44,42.16] 
23.39 
[22.29,24.53] 

0.45 

Polypharmacy  
(>5 medications)  

29.32 
[24.75,34.35] 

19.83 
[18.80,20.90] 

<0.001* 

Depression (CES-D)  13.63 
[9.97,18.37] 

12.84 
[11.83,13.92] 

0.71 

Global cognition 
(number of MMSE 
errors)  

1.87 
[1.56,2.18] 

1.72 
[1.65,1.79] 

0.36 

Quality of Life 
(CASP-12 score) 

27.25 
[26.59,27.90]  

27.84 
[27.68,28.00] 

0.08 

*indicates significance at adjusted p value following Benjamini-Hochberg correction 
All are adjusted for age, sex and education with TILDA weights applied 

Table 5.3 Differences between the cancer and control group (Wave 1) for the 
outcomes of interest, with TILDA weights applied 
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5.3.2 Longitudinal Analysis 

5.3.2.1 Longitudinal Study Sample 

The study cohort, with sufficient follow-up time to enable analysis of 

at least one outcome of interest across all three timepoints was 

5,708.  The cancer group comprised 168 participants altogether, and 

the control group consisted of 5,540 individuals. The selection of 

study participants and attrition is shown in Figure 5.3.  Some 

participants “skipped” a wave in data collection.  Common reasons 

provided for non-participation included illness, personal 

circumstances, lack of interest or lack of time. 

Anyone with a cancer diagnosis at Wave 1 (n=522) or Wave 4 

(n=102) were excluded.  In total, 138 new cancer cases were 

recorded in Wave 2 and 191 in Wave 3.  Time since cancer diagnosis 

was calculated by subtracting a participant’s age at cancer diagnosis 

from the participant’s age at interview.  In total, 64 were excluded 

from the cancer group based on this criterion of a recent cancer 

diagnosis.  The final number of participants available for analysis, 

with data on at least one outcome of interest in three successive 

waves, was 81 for Wave 2 diagnoses and 87 for Wave 3 diagnoses. 

For the control group, there was no attrition at T0 i.e. in Wave 1.  For 

the cancer group, 24 participants were excluded at T0 due to 

exclusion criteria, proxy interview, withdrawals/refusals or joining at 

a subsequent wave. 

At T1 and T2, participants in both groups were either excluded or did 

not participate due to proxy interviews, withdrawals/refusals, deaths, 

loss to follow-up or moving to another country (see detailed 

information below).  
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Figure 5.3 Selection of study participants 

[ROI=Republic of Ireland, NI= Northern Ireland.  Note: some participants had attrition in two waves] 
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5.3.2.2 Longitudinal Demographic Characteristics 

The cancer diagnosed group was older (65.24 versus 61.75; 

p<0.001), and comprised more males than females (56% versus 

44%), compared to the control group, where females represented 

56% of the study sample. 

There were no significant differences in terms of education level, with 

the majority of both groups having received secondary level 

education and approximately one third proceeding to third level, as 

shown in Table 5.4.  Likewise for marital status, approximately 70% 

of both groups were married. 

5.3.2.1 Disease and Treatment Characteristics  

The majority of cancer cases consisted of prostate cancer in men 

(n=53), followed by breast cancer in women (n=32).  Other sites, in 

order of prevalence, included: colon/rectum (n=20), melanoma(skin) 

(n=12), lung (n=7), Non-Hodgkin’s Lymphoma (n=6), ovary (n=6),  

bladder (n=3), stomach (n=3), endometrium (n=3),  larynx (n=3), 

leukaemia (n=2), liver (n=2), kidney (n=1), oesophagus (n=1), thyroid 

(n=1), testicle (n=1), Ten were classified as “other”. Two didn’t know. 

Surgery was the most commonly used treatment modality (n=99), 

followed by radiotherapy (n=64) and chemotherapy (n=34).  These 

modalities were employed on their own, or in combination.  Six did 

not receive any of the previous modalities. 

Twelve participants received trimodality treatment of surgery, 

chemotherapy and radiotherapy, 14 chemotherapy combined with 

surgery, 21 surgery and radiation and 6 chemo-radiation.  In relation 

to monotherapy, 5 received chemotherapy alone for their cancer, 51 

surgery alone and 27 radiation therapy alone. 

There was not a specific category for hormone therapy, but 33 

reported receiving “medication”. 
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 Cancer group 
 

Control group 
 

Difference 
between 
both groups 

Characteristic n (%) Mean 
(SD) 

n  
(%) 

Mean 
(SD) 

p value 

 168 
(2.94%) 

 5,540 
(97.06%) 

  

Age  65.24 
(7.99) 

 61.75 
(9.61) 

<0.001* 

Sex     0.003* 
   Female 74 

(44.05) 
 3,092 

(55.72) 
  

   Male 94 
(55.95) 

 2,457 
(44.28) 

  

Education 
Level  

    0.27 

   Primary 50  
(29.76) 

 1,353 
(24.39) 

  

   Secondary 67 
(39.88) 

 2,337  
(42.12) 

  

   Third Level  51 
(30.36) 

 1,858  
(33.49) 

  

Marital Status     0.58 
   Married 118 

(70.24) 
 4,045 

(72.90) 
  

   Not married 50 
(29.76) 

 1,504 
(27.10) 

  

*indicates significance at adjusted p value following Benjamini-Hochberg correction 
n=9 of the control group were missing data for age variable, and 1 for education variable 

Table 5.4 Demographic characteristics of the cancer and control group 
at baseline (T0) 

5.3.2.2 Differences Between Both Groups at Each 
Timepoint 

A comparison between the cancer and control groups, at each 

timepoint, is presented in Table 5.5. 

There were no significant differences between both groups in relation 

to the proportion with one or more ADL or IADL impairments at each 

timepoint.   

Likewise, there were no significant differences between both groups 

in relation to the number of falls, or TUG time. 
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Compared with the comparison group, participants with cancer were 

more likely to report (>2 chronic conditions) comorbidity, at all time 

points.  However, these differences were not statistically significant. 

The cancer group experienced more polypharmacy than the control 

arm, and this was statistically significant at T2 (Figure 5.4), whereby 

40.39% of the cancer group experienced polypharmacy compared to 

27.02% of the control arm.  

 

Figure 5.4 Proportion with polypharmacy at each time-point (adjusted 
for age, sex and education) 

In relation to the social, psychological, cognitive and quality of life 

outcomes, there were no statistically significant differences between 

the two groups over time.
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 T0 T1 T2 

 Cancer group Control 
group  

P value Cancer group  Control 
group  

P value Cancer group  Control 
group  

P value 

ADL Disability   5.15   
[2.40,10.70]  

7.73 [6.96,857] 0.28 
 

3.59  
[1.56,8.03] 
 

5.45  
[4.77,6.22]  

0.31 
 

6.62 
[3.56,11.99] 
 

6.52 [5.77,7.35]  0.96 
 

IADL Disability   3.13 [1.24,7.67] 6.08  
[5.36,6.88] 

0.14 5.76 
[2.86,11.25] 

6.67 
 [5.91,7.51] 

0.68 4.30  
[1.98,9.09] 

7.75  
[6.92,8.66] 

0.12 

TUG  9.02 [8.67,9.37] 9.02 [8.91,9.13] 0.53 9.83 
[9.37,10.30]  

10.11 
[9.96,10.25] 
 

0.15 9.88 
[9.42,10.33] 

10.17 
[10.00,10.33] 

0.29 

History of Falls 
 

18.21 [12.83,25.20] 19.40 [18.24,20.60] 0.72 17.97 
[12.62,24.95] 
 

22.04 
[20.84,23.30] 
 

0.23 18.09 
[12.69,25.13] 

24.59 
[23.33,25.90] 

0.07 

Chronic conditions  
(2 or more)  

31.79 [24.75,39.78] 25.95 [24.68,27.26] 0.10 31.36 
[24.28,39.43] 

29.69 
[28.36,31.06] 

0.08 35.35 
[27.94,43.55] 

32.19 
[30.83,33.58] 

0.44 
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Social connectedness  
Most isolated (0) 
 
Most isolated (1) 
 
Moderately isolated (2) 
Moderately integrated (3) 
Most integrated (4) 

 
 
- 
 
2.39 
[0.76,7.25] 
31.00 
[23.14,40.14] 
36.82 
[28.82,45.62] 
29.78 
[22.77,37.90] 

 
 
0.43 
[0.24,0.76] 
7.12 
[6.28,8.06] 
27.21 
[25.81,28.65] 
41.22 
[39.72,42.74] 
24.02 
[22.80,25.29] 

0.16  
 
0.60 
[0.08,0.42 
10.93 
[6.48,17.86] 
28.88 
[21.62,37.42] 
31.78 
[24.62,39.92] 
27.81 
[21.31,35.40] 

 
 
0.25 
[0.12,0.55] 
8.36 
[7.44,9.38] 
27.07 
[25.66,28.53]) 
39.67 
[38.16,41.20] 
24.65 
[23.40,25.95] 

0.34  
 
- 
 
11.14 
[6.39,18.71] 
25.00 
[18.33,33.10] 
39.53 
[31.88,47.74] 
24.33 
[18.18,31.76] 

 
 
0.78 
[0.53,1.15] 
10.28 
[9.32,11.33] 
29.21 
[27.87,30.59] 
38.77 
[37.37,40.19] 
20.95 
[19.86,22.08] 

0.65 

Polypharmacy   22.62 
[16.60,30.04] 

19.00 
[17.87,20.19] 

0.27 31.36 
[24.30,39.40] 

26.97 
[25.67,28.31] 

0.24 40.39 
[32.60,48.70] 

27.02 
[25.71,28.36] 

<0.001* 

Depression   8.86 
[4.86,15.61] 

12.95 
[11.81,14.17] 

0.19 10.79 
[6.32,17.82] 

11.44 
[10.37,12.61] 

0.83 10.45 
[5.81,18.09] 

15.06 
[13.82,16.38] 

0.20 

Global cognition  1.50 
[1.19,1.80] 

1.62 
[1.55,1.70] 

0.42 1.35 
[1.10,1.61] 

1.55  
[1.48,1.62] 

0.14 1.43 
[1.11,1.74] 

1.71 
[1.63,1.78] 

0.09 

Quality of Life  28.82 
[27.99,29.65]  

27.87 
[27.69,28.04] 

0.03 26.77 
[25.85,27.69] 

26.96 
[26.78,27.14] 

0.69 27.05 
[26.10,28.01] 

26.67 
[26.48,26.86] 

0.44 

TUG, cognition and Quality of Life are presented as mean [CI].   All other (categorical) variables are presented as proportions [CI]. 
*indicates significance at adjusted p value following Benjamini-Hochberg correction 
All are adjusted for age, sex and education with survey weights applied 

Table 5.5 Differences between the cancer and control group (all ages) at each timepoint for the outcomes of interest 
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Across all timepoints, the level of cognitive impairment in both 

groups, was low, and did not differ greatly between groups. 

There were no significant differences between groups in relation to 

quality of life, which remained relatively high and mostly stable over 

time.  The lowest mean value (26.77) was observed in the cancer 

group at T1, however this was not statistically significant.  

5.3.2.1 Longitudinal GA Outcomes 

A GEE model was applied to accommodate the correlated data of 

repeated measurements (three successive waves, at two year 

intervals) in the same patient.  All the models computed regression 

coefficients of the various dependent variables (GA domains) on the 

main predictor variable (cancer status) followed by analysis with 

cancer status and potential confounders (age, sex and education). 

The results from the univariate and multivariate GEE analyses, 

investigating longitudinal differences between the cancer and control 

group, with details of the working correlation matrix chosen from the 

QIC analysis, are presented in Tables 5.6 and 5.7.  A binomial 

variance distribution, a common logit link function and an 

independent working correlation were specified for most variables as 

those models with this covariance structure had the lowest quasi-

likelihood under the independence model criterion [484].   For the 

TUG variable, a gaussian distribution, with an identity link function 

and independent working correlation was applied. For the analysis of 

social connectedness and number of chronic conditions, a poisson 

distribution with a log link function and independent working 

correlation were applied.  The results of the QIC analysis are 

contained in Appendix 19. 
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Domain 

Cancer Group 95% 
Confidence 
interval 

 
 
 
P 
value 

ß 
coefficient 

Robust 
Standard 
Error 
(SE) 

Lower Upper 

ADLs  -0.11 0.25 -0.61   0.38 0.66 

IADLs  -0.21 0.25 -0.71   0.28 0.40 

History of Falls  
 

-0.07 0.13    -0.33   0.19 0.61 

TUG  -0.02 
 

0.15    -0.31   0.28 0.90 

Number of 
chronic 
conditions  
 

0.13 0.05 0.02 0.24 0.02 

Social 
connectedness  
 

0.02 0.02   -0.02    0.07 0.29 
 

Polypharmacy 
 

0.43 0.14   0.16  0.71 0.002* 
 

Depression  -0.20 0.21  -0.62   0.22 0.35 
 

Cognition   -0.07  0.09    -0.24 0.10 0.43 
 

Quality of life  0.26 0.36    -0.45    0.96 0.48 
 

For the above items, a matrix with a binomial variance distribution, a 
common logit link function and an independent working correlation were 
specified for most variables. 
For the TUG variable, a gaussian distribution, with an identity link function 
and independent working correlation was applied. 
For the analysis of social connectedness and number of chronic 
conditions, a poisson distribution with a log link function and independent 
working correlation were applied. 
Interpretation: For most variables (logit link), the likelihood to report a 
positive/worse outcome increases exp(coefficient) times more from baseline to 
follow-up for the cancer group versus control group. For the TUG variable (identity 
link), the coefficient reflects the additional increase in TUG from baseline to follow-
up for the cancer group versus control group. For social connectedness and number 
of chronic conditions (log link), the number increases exp(coefficient) times more 
from baseline to follow-up for the cancer group versus control. A more technical 
description of the logit and log coefficients is provided in the Appendix 20. 
*indicates significance at adjusted p value following Benjamini-Hochberg 
correction 

Table 5.6 Results from the unadjusted GEE regression analyses 
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The likelihood to report polypharmacy at follow-up compared to 

baseline increased more for those with a cancer diagnosis compared 

to the control group in univariate analysis. Cancer patients showed a 

1.5 (95% CI 1.2-2, p=0.002) times increase in odds ratio follow-up vs 

baseline compared to the control group. However, this effect 

diminished and became non-significant in multivariate analysis. This 

means that, although in this study cancer patients as a whole show 

a difference, this is not explained by their cancer diagnosis but by an 

effect of covariates associated with cancer diagnosis. Cancer 

patients were not significantly different in their likelihood to report 

polypharmacy from control subjects with the same covariate profile. 

When adjusting for covariates, TUG changes on average 0.63 

seconds less from baseline to follow-up for cancer patients compared 

to the control group (95%CI -0.92--0.28, p<0.001).  This means that 

cancer patients have a smaller TUG change from baseline compared 

to control subjects with the same covariate profile. This effect was not 

evident in univariate analysis, meaning that the small true effect of a 

cancer diagnosis is cancelled out by an opposite effect of covariates 

associated with a cancer diagnosis on TUG change from baseline. 

For other variables of interest, the group‐by‐time interaction was not 

significant (see Tables 5.6 and 5.7). 
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Domain  95% Confidence interval  

 
P value 

ß coefficient Robust Standard 
Error (SE) 

Lower Upper 

ADLs 
Cancer diagnosis  
Age 
Sex(male reference) 
Education (primary level 
reference) 
   Secondary 
   Third level    
 

 
-0.24 
0.05 
0.02 
 
 
-0.23 
-0.51 

 
0.25  
0.004     
0.08 
 
 
0.099 
0.11 

 
-0.74 
0.04 
-0.15 
 
 
-0.42 
-0.73           

 
0.26 
0.05 
0.19 
 
 
-0.04 
-0.29 

 
0.35 
<0.001* 
0.82 
 
 
0.02 
<0.001* 

IADLs 
Cancer diagnosis  
Age 
Sex(male reference) 
Education (primary level 
reference) 
   Secondary 
   Third level    

 
-0.29 
0.06 
0.64 
 
 
-0.40 
-0.59 

 
0.26 
0.005 
0.09 
 
 
0.10 
0.11 

 
-0.79 
0.05 
0.46 
 
 
-0.60 
-0.82 

 
0.21 
0.07 
0.82 
 
 
-0.20 
-0.37 

 
0.26 
<0.001* 
<0.001* 
 
 
<0.001* 
<0.001* 

History of Falls 
Cancer diagnosis  
Age 
Sex(male reference) 
Education (primary level 
reference) 
   Secondary 
   Third level    

 
-0.12 
0.03 
0.33 
 
 
0.21 
0.11 

 
0.13 
0.002 
0.05 
 
 
0.06 
0.06 

 
-0.38 
0.02 
0.24 
 
 
-0.09 
-0.01 

 
0.14 
0.03 
0.42 
 
 
0.14 
0.23 

 
0.38 
<0.001* 
<0.001* 
 
 
0.72 
0.08 

TUG 
Cancer diagnosis  
Age 
Sex(male reference) 
Education (primary level 
reference) 
   Secondary 
   Third level    

 
-0.63 
0.15 
0.26 
 
 
-0.54 
-0.82 

 
0.14 
0.006 
0.07 
 
 
0.11 
0.11 

 
-0.92 
0.14 
0.13 
 
 
-0.74 
-1.03 

 
-0.35 
0.16 
0.39 
 
 
-0.33 
-0.61 

 
<0.001* 
<0.001* 
<0.001* 
 
 
<0.001* 
<0.001* 

Chronic conditions 
Cancer diagnosis  
Age 
Sex(male reference) 
Education (primary level 
reference) 
   Secondary 
   Third level    

 
0.08 
0.03 
0.24 
 
 
-0.11 
-0.16 

 
0.05 
0.001 
0.02 
 
 
0.02 
0.03 

 
-0.03 
0.02 
0.20 
 
 
-0.15 
-0.21 

 
0.18 
0.03 
0.28 
 
 
-0.06 
-0.11 

 
0.14 
<0.001* 
<0.001* 
 
 
<0.00 
<0.001* 

Social connectedness 
Cancer diagnosis  
Age 
Sex(male reference) 
Education (primary level 
reference) 
   Secondary 
   Third level    

 
0.02 
0.001 
-0.008 
 
 
0.08 
0.11 

 
0.22 
0.0004 
0.008 
 
 
0.01 
0.01 

 
-0.02 
-0.003 
-0.02 
 
 
0.06 
0.09 

 
0.07 
0.002 
0.007 
 
 
0.10 
0.13 

 
0.27 
0.009 
0.29 
 
 
<0.001* 
<0.001* 
 

Polypharmacy 
Cancer diagnosis  
Age 
Sex(male reference) 
Education (primary level 
reference) 
   Secondary 
   Third level    
 
 
 

 
0.25 
0.07 
0.17 
 
 
-0.33 
-0.49 

 
0.15 
0.003 
0.06 
 
 
0.07 
0.07 

 
-0.03 
0.07 
0.06 
 
 
-0.47 
-0.64 

 
0.54 
0.08 
0.28 
 
 
-0.19 
-0.34 

 
0.09 
<0.001* 
0.003* 
 
 
<0.001* 
<0.001* 
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Domain   95% Confidence interval P value 
ß coefficient Robust Standard 

Error (SE) 
Lower Upper 

Depression 
Cancer diagnosis  
Age 
Sex(male reference) 
Education (primary level 
reference) 
   Secondary 
   Third level    
 

 
-0.14 
-0.02 
0.38 
 
 
-0.41 
-0.66 

 
0.22 
0.004 
0.07 
 
 
0.09 
0.10 

 
-0.56 
-0.03 
0.23 
 
 
-0.58 
-0.85 

 
0.28 
-0.01 
0.52 
 
 
-0.25 
-0.47 

 
0.52 
<0.001* 
<0.001* 
 
 
<0.001* 
<0.001* 

Cognition  
  Cancer diagnosis  
Age 
Sex(male reference) 
Education (primary level 
reference) 
   Secondary 
   Third level    
 

 
-0.19 
0.03 
-0.10 
 
 
-0.52 
-0.99 
 

 
0.08 
0.002 
0.03 
 
 
0.03 
0.04 

 
-0.36 
0.03 
-0.15 
 
 
-0.58 
-1.06 

 
-0.03 
0.03 
0.05 
 
 
-0.45 
-0.92 

 
0.02 
<0.001* 
<0.001* 
 
 
<0.001* 
<0.001* 
 

Quality of life 
Cancer diagnosis  
Age 
Sex(male reference) 
Education (primary level 
reference) 
   Secondary 
   Third level    
 

 
0.40 
0.002 
0.19 
 
 
1.15 
1.93 

 
0.36 
0.007 
0.13 
 
 
0.18 
0.18 

 
-0.31 
-0.01 
-0.06 
 
 
0.80 
1.57 

 
1.10 
0.01 
0.45 
 
 
1.50 
2.28 

 
0.27 
0.81 
0.14 
 
 
<0.001* 
<0.001* 

For the above items, a matrix with a binomial variance distribution, a common logit link function and an 
independent working correlation were specified for most variables. 
For the TUG variable, a gaussian distribution, with an identity link function and independent working correlation 
was applied. 
For the analysis of social connectedness and number of chronic conditions, a poisson distribution with a log link 
function and independent working correlation were applied. 
Interpretation: For most variables (logit link), the likelihood to report a positive/worse outcome increases 
exp(coefficient) times more from baseline to follow-up for the listed level versus reference level (of for a one unit 
increase in age). For the TUG variable (identity link), the coefficient reflects the additional increase in TUG from 
baseline to follow-up for the listed level versus reference level (of for a one unit increase in age). For social 
connectedness and number of chronic conditions (log link), the number increases exp(coefficient) times more 
from baseline to follow-up for the listed level versus reference level (of for a one unit increase in age). A more 
technical description of the logit and log coefficients is provided in Appendix 20. 
*indicates significance at adjusted p value following Benjamini-Hochberg correction 

Table 5.7 Results from the adjusted GEE regression analyses
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5.4  Discussion 

These data elucidate the burden of a cancer diagnosis and treatment 

among Irish cancer survivors, in relation to the accumulation of 

deficits, as measured by CGA, and to our knowledge is the first 

comprehensive analysis of community dwelling adults with cancer in 

Ireland to date.  A cross-sectional analysis of Wave 1 participants 

demonstrated that falls were more common in those with a history of 

cancer, as well as multimorbidity.  In addition, a significantly greater 

proportion of participants diagnosed with cancer reported 

polypharmacy.  This TILDA analysis evaluated three distinct 

timepoints: before diagnosis (T0), during the peri-diagnostic period 

(T1) and post-diagnosis (T2), with two year intervals between each 

one.  The cancer group experienced more polypharmacy than the 

control arm at T0, T1 and T2, and this was statistically significant at 

T2. A longitudinal analysis demonstrated that those with a cancer 

diagnosis were more likely to report polypharmacy, compared to 

those with no diagnosis of cancer.  However, this effect was not 

significant when controlling for confounders (age, sex and education) 

in multivariate analysis. The longitudinal analysis only included those 

diagnosed with cancer in the previous two years, and therefore 

serves to highlight more clearly the impact of a cancer diagnosis and 

treatment in more controlled conditions, compared to the Wave 1 

cross-sectional analysis, which included various intervals since a 

diagnosis of cancer was made.   

Both the cross-sectional and longitudinal analyses highlighted an 

increased prevalence of polypharmacy.  In recent times, both the 

incidence and prevalence of polypharmacy has been increasing 

steadily in both the general population [490],  and especially in those 

diagnosed with cancer [491].  While this study looked at the number 

of medications i.e. 5 or more, in categorising polypharmacy, some 
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would argue that polypharmacy is “the administration of one 

medication or more that is not clinically indicated” [492].  

Polypharmacy is known to increase with age  [491].    It may be 

completely necessary to control comorbid conditions, however it also 

increases the risk of adverse drug reactions that are often predictable 

and preventable [493, 494].  Taking five or more medications is 

viewed as a reasonable cut-point, however, as it’s been 

demonstrated to be associated with falls, disability and frailty in both 

a geriatric medicine and geriatric oncology population [473, 495].  

Turner et al, in a study of 385 patients with cancer, found a fourfold 

increased risk of frailty (measured by Fried criteria) in older (>70 

years) adults, who reported polypharmacy, defined as five or more 

medications [491].  Therefore, polypharmacy should be assessed in 

order to ensure the appropriateness of all prescribed medications 

[140]. One of the barriers in the management of polypharmacy and 

potential deprescribing interventions, are that oncologists may feel 

they lack the expertise to evaluate polypharmacy [496], and close 

liaison with disease specialists, pharmacists and geriatricians is vital 

in order to limit the harms that polypharmacy may cause for someone 

with a diagnosis of cancer.   

A diagnosis of cancer was also associated with a faster longitudinal 

mean TUG time, equating to a marginal reduction of 0.63 seconds in 

TUG time for those diagnosed with cancer.  A recent systematic 

review has found that poorer TUG performance is associated with 

lower overall survival from cancer, as well as treatment related 

complications [497].  TUG has also been established as a good 

surrogate marker for frailty in older adults [498].   

The results from TILDA may be explained by the selection of 

participants for longitudinal analysis, whereby attrition may have 

resulted in frailer individuals being excluded from the analysis.  Or it 

could also be related to the age profile of participants, which is slightly 

younger.  However, the small difference observed in the current 
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analysis is not considered to be clinically meaningful, as the mean 

Minimum Clinically Important Difference (MCID) established in the 

published literature is 3.4 seconds [499].  The numbers completing 

this assessment were also lower, which may exclude those who were 

not fit to travel to the health centre, or who declined a home 

assessment due to an inability to complete the assessment.  

However, lack of uptake for health assessment was not only linked 

to ability.  Other studies of patients with cancer report significant 

associations between TUG and such endpoints as survival, 

treatment-related complications and functional decline [497].   

 

Polypharmacy and multimorbidity are inherently linked.  

Multimorbidity, as defined in the current study, is the co-occurrence 

of two or more chronic conditions in the same person [500].The 

prevalence of multimorbidity in the general population is estimated to 

range from 55% to 98%, according to a 2011 systematic review in 

those aged 65 years and older [501].   A lower prevalence was found 

in the current study, possibly due to a slightly younger cohort.  

However, the prevalence was increased in cancer survivors, who are 

known to bear a greater burden of illness compared to their peers 

[462, 463].  This is significant in terms of treatment decisions, as 

patients with cancer and significant comorbidity are known to have 

poorer overall survival  [26, 502].  They also have greater needs in 

relation to healthcare, and there may also be a link between 

multimorbidity and (chemotherapy) treatment toxicity [503], as well 

as treatment incompletion [504].  It is thought that over half of older 

adults with cancer have at least one comorbid condition that may 

impact their oncologic treatment [505]. The evidence base in 

oncology treatment is particularly poor for those with multimorbidity 

due to their traditional exclusion from clinical trials [212].  This has 

increasingly been recognised as a major issue in oncology, and will 
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become even more significant in the coming decades, unless clinical 

trial exclusion criteria are changed. 

Some of the potential harms of multimorbidity, and polypharmacy in 

particular, include a substantial risk of falling, functional and cognitive 

decline, increased hospitalisations, healthcare utilisation and 

mortality [496].  Results from the cross-sectional analysis have 

demonstrated a greater prevalence of falls in older adults with 

cancer.  Other adverse reactions from polypharmacy, in patients with 

cancer, include neutropenia, diarrhoea or constipation, nausea and 

vomiting, fatigue, alopecia, myelosuppression, skin irritation, 

anorexia and mucositis [506].  These avoidable consequences of 

medical management can negatively impact a patient’s QoL.  

Assessment of falls risk is important, especially in those over the age 

of 65 in particular, as one in three will experience a fall [121, 122].  A 

comprehensive assessment, such as that advocated by the National 

Institute for Health and Clinical Excellence (NICE) guidelines [123] 

and the British and American Geriatrics Societies [114], should be 

carried out in order to manage precipitating factors, such as 

polypharmacy, poor vision, inadequacy of the home environment etc.  

Certain types of concurrent chemotherapy, such as taxols, can 

exacerbate risk factors, due to the onset of peripheral neuropathy.  

Androgen deprivation therapy (ADT) can also increase falls risk, due 

to its negative impact on muscle mass in patients with prostate 

cancer [124].  Combined with the side-effects of treatment, e.g. 

fatigue, management of falls risk and assessment of polypharmacy 

are important during treatment and in follow-up care.  

 

To date, there have been few studies on the prevalence of 

polypharmacy and multimorbidity in the Irish oncology population.  

This is something that will become even more pressing in the coming 

years, due to the increasingly older population presenting for cancer 

treatment.  Lavan et al [507], in a study of 350 patients with cancer, 



 

Chapter 5 

 

 

229 

 

aged 70 years and older, in an Irish oncology centre, found that 

approximately 20% of hospital admissions in oncology were related 

to adverse drug reactions.  The majority of these were found to be 

predictable, and more than 60% were preventable.  These adverse 

outcomes were found to be related to systemic anticancer therapies 

(SACTs) in about half of cases identified, and to non‐cancer 

medications in 45% of cases.   

Previous studies have reported cross-sectional results which are 

difficult to interpret as they often include a very heterogeneous group 

in terms of the time of diagnosis and cancer type. In relation to other 

aspects of physical and mental wellbeing, there is evidence of 

resilience among Irish community dwelling cancer survivors, who 

mostly appear to be doing as well as their peers two years after 

diagnosis and treatment.  This is similar to the findings of other 

studies [508, 509].  However, it should be highlighted that this is a 

select sample, comprised of those who survive at least two years 

after their diagnosis and treatment, and who are relatively young 

compared to the typical age profile of many cancer types, with what 

could be considered as mostly favourable prognosis cancers. 

These results contrast with a similar analysis from Waves 1-6 of the 

English Longitudinal Study of Ageing (ELSA), that found poorer 

health outcomes in a cancer cohort (n=444;mean age 67) with regard 

to self-rated health, QoL and life satisfaction, as well as a higher 

incidence of depression, mobility problems and limitations with ADLs 

[510].   All of the studied outcomes became gradually worse over 

time, with the exception of depression, although the group x time 

interaction was insignificant for most, similar to our findings from the 

GEE analysis.  Comorbidity was also higher in the cancer group in 

the ELSA study (cross-sectional analysis), however the prevalence 

of polypharmacy, TUG and falls were not analysed.  In contrast, the 

ELSA cohort seemed to report a lower baseline level in many 

domains, and a recent ELSA publication has found declines in health 
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from four to six years preceding a cancer diagnosis [511].  It should 

be noted however, that the study cohort used in the latter ELSA 

analysis was older, with a mean age of 71.4, versus 65.7 in TILDA 

study. 

A recent systematic review of ADL disability estimates that 

approximately a third of adults with cancer experience difficulties with 

ADLs, which is higher than the current study, but includes (but not 

limited to) studies of older patients and increased follow-up times 

[512].   This is something that may be a more significant concern for 

older adults with cancer, but this study was unable to undertake this 

analysis. Similarly for IADL impairment, larger numbers and longer 

follow-up may be required to ascertain the long term impact of 

treatment, the prevalence of which is reported to be 50% in some 

studies [512, 513].  Disability relating to housework is the most 

prevalent IADL reported in a review of patients with cancer followed 

by disability related to shopping and transportation.  The latter is an 

important consideration for travel to care during the treatment phase 

and for follow-up appointments in oncology.   

A French study (n=486), which used cancer registry data on older 

adults with cancer from three prospective cohort studies, found a 

number of factors to be related to ADL and IADL impairments [514].  

These included the oldest old (>85 years) (OR = 18.3; 95% CI = 3.7–

90.9), those with cognitive impairment or dementia at the pre-

diagnosis visit (OR = 8.3; 95% CI = 2.6–27.0) and participants with 

advanced stage at diagnosis (OR = 4.7; 95% CI = 1.3–16.7).  In the 

current study, ADL impairments were slightly higher at baseline in 

those diagnosed with cancer, which is unusual, however the 

difference was quite small.  As most of these factors were notably 

absent in the longitudinal analysis of TILDA, it may be assumed that 

the proportion with ADL and IADL impairments may increase in future 

years as the population ages. 
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Physical function is usually assessed in oncology using either the 

Eastern Cooperative Oncology Group (ECOG) or Karnofsky 

Performance Status [106, 515] scales.  This is relatively one 

dimensional when you consider such things as gait speed, balance, 

grip strength and lower extremity strength, as these are more 

predictive of patient outcomes [107].  Grip strength, which is included 

in the next chapter as part of the phenotype of frailty analysis, is 

associated with sarcopenia [516, 517]. Sarcopenia refers to 

decreased muscle mass and quality, the latter also associated with 

poorer outcomes in patients with cancer [518-520].   

There were no significant differences between both groups in relation 

to QoL, which remained relatively high and mostly stable over time.  

This is in contrast to the ELSA study which reported significant 

declines in QoL over time, and a low QoL at baseline [510].  Some 

studies suggest, especially in older adults, that a large proportion of 

those who experience serious illnesses, such as cancer, actually 

report enhanced QoL and other positive life changes following their 

diagnosis and treatment [336].  This phenomenon has been variously 

reported as personal or posttraumatic growth [337, 338], adaptation 

[339], positive illusions [340], thriving [341], and benefit finding [342].  

As an example, Goineau et al [196], in a study of 100 patients with 

localised prostate cancer, aged 75 and older, attending for 

radiotherapy, found IADL impairments at baseline in approximately 

half of all patients enrolled in the study, as well as ADL impairments 

in 16% of patients.  One fifth of patients presented with cognitive 

decline (defined as MMSE<27), 31% with depressive symptoms and 

more than two-thirds with significant co-morbidities, especially 

cardiovascular comorbidities, which may obviously affect ADT 

tolerance.  The most important finding was that despite numerous 

impaired geriatric domains, more than 70% of older patients 

undergoing radiotherapy for prostate cancer maintained their overall 
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QoL immediately after completion of radiotherapy, consistent with the 

findings of the current study. 

Many oncology healthcare professionals feel ill-equipped to deal with 

the projected demographic changes in years to come.  Despite the 

fact that the majority of patients with cancer are older, most 

oncologists receive little training in the specialised care of older 

patients [41].  When an older patient presents to oncology, they are 

often segregated from their co-existing geriatric care, as the oncology 

and geriatric medicine disciplines often work in isolation, with little 

collaboration about patients.  This seems unusual, given the known 

importance of the multidisciplinary team in oncology, seen as the 

cornerstone of patient management.  The geriatrician is notably 

absent from such meetings in many institutions, something that 

should change in order to provide more holistic care to the older 

person.  The geriatrician’s involvement is essential in identifying and 

potentially reversing frailty, as well as providing recommendations on 

overall care.  The results of this study suggest the importance of 

multimorbidity, polypharmacy and associated falls risk as important 

considerations for patients with cancer.  These need to be assessed 

and managed effectively in order to avoid functional decline and other 

adverse outcomes, such as mortality and hospitalisation, in the 

general population.  Future studies should investigate these factors 

in specific cancer types, including older ages and those with varying 

degrees of frailty.   

5.4.1  Strengths and Limitations 

This study has several strengths. A large nationally representative 

population with objective health measures was used to compare 

community dwelling adults with cancer, to those without.  Both a 

cross-sectional and longitudinal analysis were conducted, and a 

range of GA measures compared.  This makes our findings more 
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robust, and, to our knowledge, is the first such analysis of this group 

in community dwelling adults with cancer in Ireland.   

There are some limitations to this study. TILDA excludes nursing 

home residents and those resident in other institutions in Wave 1. 

This potentially excludes some of the most vulnerable and frail 

members of the population from the cross-sectional analysis, many 

of whom may have become dependent due to a cancer diagnosis.   

In addition, those who completed the SCQ and health assessment 

were likely to be in better health than those who did not, and were 

thus excluded from the analysis.  Analysis of complete cases means 

that those with poorer outcomes were more likely to be excluded.  

This is a potential source of selection bias in the study. 

There is not a widely accepted or adopted definition of an “older” 

person.  The United Nations generally uses 60+ years to refer to the 

older population with most developed world countries accepting the 

age of 65+ years [6]. The 65 years threshold is used in many scientific 

publications, including clinical trials. Unfortunately, the numbers were 

considered too small for any meaningful analysis of an older 

population with cancer in the current TILDA analysis. 

Another limitation to using longitudinal data is attrition. Attrition may 

bias results as the oldest and most unwell participants are the least 

likely to be included in follow-up, leading to an unrepresentative 

sample.  This is especially relevant for those diagnosed with cancer, 

and was evident in the results of the current study, as longitudinal 

results demonstrated fewer health concerns, compared to the cross-

sectional data. 

 

The cancer sample consisted of heterogeneous cancer types, and it 

was not possible to assess cancer stage for these, or current disease 
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status.  The risk profile associated with some of these diagnoses is 

likely to be substantially different from that of a good prognosis 

cancer.  In addition, the majority of those diagnosed with cancer were 

female, which reflects the TILDA sample as a whole, whereby female 

participants have outnumbered males in every wave [487].   

In addition, the number of patients with some cancer subtypes was 

small, and therefore, a subgroup analysis was not feasible as it would 

be underpowered to detect statistically significant associations.  Site 

specific studies provide more insight into how the unique disease and 

treatment characteristics influence health and wellbeing. 

Also, in TILDA, skin cancer is classified as “malignant melanoma 

(skin cancer)”. This is a relatively broad classification that is usually 

separated in studies of cancer into “melanoma” and “non-melanoma 

skin cancer (NMSC)” as the latter is associated with a much more 

favourable diagnosis.  Previous studies have excluded NMSC on the 

basis that it is so treatable, however it wasn’t possible to do so in the 

current analysis. 

It was not possible to reproduce a nutritional outcome in TILDA [471], 

as the food frequency variable was only included from Wave 3.   

Disclosure of a cancer diagnosis, and of other comorbid conditions, 

was self-reported and it was not possible to verify the accuracy of 

these reports. 

 

5.5  Conclusion 

The current TILDA longitudinal analyses spanning pre- and post-

cancer diagnosis, suggest that cancer survivors bear a greater 

burden of multimorbidity, polypharmacy and falls, compared to their 

counterparts without a cancer diagnosis.  This has implications for 

oncology clinical practice, as these deficits are known to be 
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associated with greater healthcare utilisation and adverse outcomes 

for older adults.  Non-significant effects can never be interpreted as 

proof of absence of effect. It is possible that in reality there is an 

effect, but because of insufficient power (low sample size, large 

variation) it was not possible to demonstrate this in the current study.  

These findings warrant further investigation, incorporating these 

domains at a minimum, not only during the treatment phase, but in 

follow-up care in order to ascertain their true effect in a more clinically 

relevant patient population, incorporating all degrees of fitness and 

frailty.  Future studies should also include an older population (>75 

years), as the current study included a relatively young population, 

with fewer health concerns, as nursing home residents were 

excluded in Wave 1.  Longer follow-up periods are also required in 

order to clarify the survivorship concerns of older adults with cancer.  

This is something that will become even more pressing in the coming 

years as the population ages.   Future studies, with longer follow-up 

may enhance our understanding of the more long term impact on 

patient function. 
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6 TILDA Study 2 

6.1 Introduction 

The ageing demographic shift in Ireland and most countries 

internationally will result in a corresponding increase in the incidence 

of chronic conditions, such as cancer, as well as frailty [63].   In the 

medical gerontology literature, frailty is a consequence of age-related 

decline in many physiological systems, resulting in a reduced reserve 

capacity and increased vulnerability to stressors [45].  This 

vulnerability is related to an inability to maintain homeostasis in the 

face of a physiological threat e.g. cancer and its treatment [521].  

Frailty leads to an increased risk of adverse events, such as falls, 

disability and death [63, 522, 523].  Some of the clinical 

manifestations of frailty include fatigue, unexplained weight loss, 

infections, falls, delirium and fluctuating disability [45].  The 

development of frailty represents a complex interplay between 

genetic and environmental factors, leading to an accumulation of 

damage in several physiological systems, as seen in Figure 6.1.  

Faced with a stressful life event, frailty may manifest via the clinical 

manifestations mentioned before, and lead to dependency, 

hospitalisation and a requirement for long term care [63, 524, 525]. 

There are a number of frailty models in existence, but the two most 

common operationalisations are the phenotypic and cumulative 

deficit models. The first of these was established by Fried and 

colleagues, in the Cardiovascular Health Study (CHS) study, which 

studied over 5,000 community dwelling men and women over the age 

of 65.  Using this data, a phenotype of frailty was operationalized from 

five different components i.e. unintended weight loss, weak grip 

strength, exhaustion, low physical activity and slow walking speed 
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[63].  People were categorized as robust if no deficits were identified, 

prefrail if only 1-2 deficits were present, and as frail if there were 3 or 

more.  

Using this definition, approximately 7% of the CHS study population 

were considered frail, 47% pre-frail and 46% robust.  The risk of 

adverse outcomes and mortality was much greater for those 

considered frail.  The phenotypic model has been criticized for 

lacking important information, such as cognition, and as a research 

study, was not designed to validate a frailty measure.   

   

 

Figure 6.1 Schematic representation of the pathophysiology of frailty 
[45] 
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It is thought that the cumulative deficit model, such as the Frailty 

Index (FI) developed as part of the Canadian Study of Health and 

Aging (CSHA) has greater clinical utility [64].  The FI was based on 

the results of a five year prospective cohort study of over 10,000 

people over the age of 65.  In the original FI, 92 individual deficits 

from a wide range of domains, were identified to collectively define 

frailty [66] – “the more individuals have wrong with them, the more 

likely they are to be frail” [526].  With a greater number of deficits 

required to define frailty, the FI has more in-built redundancy than the 

phenotypic model i.e. no individual deficit carries a great threat of 

adverse outcomes. However, with an increasing accumulation of 

deficits, there is an enhanced risk, which allows a gradual “grading” 

of frailty, rather than just a present/absent type classification, which 

is thought to be more clinically meaningful.  A value of 0.67 has been 

identified as a FI score that indicates a high likelihood of dying [527], 

known as the “tipping point” in frailty research [528].  Subsequent 

work has reduced the number of FI items required to predict frailty 

from 92 to 30 or so, with no corresponding loss of validity [67, 68]. 

Other operational definitions of frailty lie somewhere between the 

above two approaches i.e. the phenotype and FI approaches [529].  

In addition, different scales report different estimates of frailty 

prevalence [529].   The FI approach provides a higher estimate of 

pre-frailty and frailty compared to the CHS classification. However, 

the European Male Aging Study [530] and others [531] have 

demonstrated that prefrail and frail status on the CHS, FI and Morley 

FRAIL scale are all predictive of mortality.   

An example of this is the FRAIL scale [532], which is a five item 

questionnaire, used in diverse older populations and known to be 

predictive of disability and mortality [533, 534].  It combines the 

following items: fatigue, resistance, ambulation, illness and loss of 
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weight (FRAIL).  Scores range from 0 to 5, with 0 representing 

robustness, 1-2 prefrail and 3-5 frailty, similar to the Fried 

categorisation.  The advantages of the FRAIL scale are that it only 

includes interview questions and is therefore very feasible in clinical 

practice [535]. 

There is a distinction between frailty, disability and multimorbidity, as 

shown in the CHS by Fried et al [63].  Frailty and comorbidity were 

present in approximately 46% of the population, while frailty and 

disability (restriction in at least one activity of daily living) were 

present in approximately 6% of the population.  All three were present 

in about a fifth of the population.  However, frailty alone, without 

disability or comorbidity, was identified in 27% of the study group.  

Estimates from more recent studies, suggest that the overlap may 

even greater than previously estimated [536].  

Frailty is a dynamic process, and is potentially reversible, therefore 

early identification is very important [537, 538]. The gold standard for 

the assessment of frailty and follow-up care is Comprehensive 

Geriatric Assessment (CGA).  CGA has been extensively described 

in the previous chapters.  However, CGA is noted to be time 

consuming and requires specialist training, and therefore frailty 

screening is often a more feasible option, using either the phenotype 

model and frailty indices. 

There is a known relationship between cancer and aging.  Age is the 

number one risk factor for the development of cancer [539, 540] and 

current research efforts are focussing on quantifying acceleration of 

aging due to cancer and its treatment [50-52].  Accumulation of 

molecular and cellular damage and dysregulation is a common 

feature of both aging and cancer [51-54].  Long-term follow-up of 

paediatric and young adult cancer survivors have shown earlier onset 
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of age-related conditions, such as multimorbidity, frailty and 

functional decline [55-57].  The prevalence of pre‐frailty and frailty 

were demonstrated to be similar between younger cancer survivors 

and adults aged 65 years and older without a diagnosis of cancer [57, 

58]. 

The consideration of an older adults’ frailty status should be 

fundamental to their cancer care, as it is in other aspects of medicine 

[541].  If a frail 70-year old is diagnosed with lung cancer, for 

example, they should not be considered as a surgical candidate, or 

for concurrent chemotherapy, and will likely benefit more from a less 

aggressive approach.  On the other hand, if a fit 80 year old is in the 

same situation, they should not be denied the standard of care based 

on age alone.  Frailty assessment, as part of routine work-up of older 

patients adds valuable information, not appreciated through the use 

of a standard assessment [188].  In addition, patient follow-up should 

aim to understand the development of frailty over time, after a cancer 

diagnosis and treatment.   

Frailty prevalence rates vary by country and setting, with wide 

variation seen in published studies [542-544], ranging from 2% to 

59%.  Two large longitudinal studies, the Survey of Health and 

Retirement in Europe (SHARE) and the Study on Global AGEing and 

Adult Health (SAGE), reported the lowest mean FI scores were found 

in Ireland, the Netherlands and Greece, with the highest levels in 

Spain, Italy and Poland [545]. One of the lowest rates (2%) has 

previously been reported in TILDA [542], using the Fried phenotype 

approach.  In another analysis, using the FI approach, for all 

(n=3,069) participants (with data at four waves), the prevalence of 

frailty was 12.7% in Wave 1 and pre-frailty was estimated to be 30.9% 

[546]. 
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Frailty is more common with age, female sex and is also associated 

with lower educational attainment and socioeconomic deprivation 

[545].  Most studies on frailty prevalence to date have focused on 

community dwelling populations, with limited analysis of those living 

with and beyond cancer in the community. 

The application of the commonly used models of frailty in patients 

with cancer is poorly understood, and much research effort has been 

invested in developing new frailty indices, without fully investigating 

the usefulness of existing models from the medical gerontology 

literature.  There is no “gold standard” used to measure frailty at 

present, and there is limited information on the prevalence of frailty 

in community dwelling people with cancer. 

A recent National Cancer Institute (NCI) think thank was convened in 

order to address the current lack of an evidence base for aging-

related sequelae of cancer treatment [50].  Recommendations were 

put forward on measures to consider when researching aging-related 

consequences of cancer and its management, including Fried frailty 

phenotype, deficit accumulation indices/frailty indices and CGA.  In 

particular, the need to leverage existing resources such as 

longitudinal studies, to describe aging trajectories over time, was 

highlighted as a priority.  This has also been recommended in 

previous studies [547-549].  Healthcare providers should be aware of 

the long term needs of cancer survivors to ensure the delivery of 

appropriate care [550]. 

While the previous chapter looked at some aspects of CGA, the 

current chapter will look at the application of frailty models in more 

detail, with the aim of quantifying aging trajectories over time in Irish 

community dwelling cancer survivors. 
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6.1.1 Study Aims 

The aim of the present study was to investigate to what extent older 

adults with cancer in the community differ from their non-cancer 

community dwelling counterparts in relation to frailty. 

The study objectives were to: 

1. Define frailty using three commonly used indices, from TILDA 

data, and compare the prevalence of each type. 

2. Describe the prevalence of frailty in community dwelling 

people with cancer and compare it to those without a cancer 

diagnosis. 

3. Investigate the impact of a cancer diagnosis on the 

longitudinal development of frailty. 

6.2 Methodology 

6.2.1 The Irish Longitudinal Study on Ageing (TILDA) 
Design 

TILDA is a population based study of adults aged 50 and over, with 

the aims of (1) providing comprehensive baseline data on older 

people living in Ireland, (2) investigating factors influencing age-

related health, (3) empowering older people to have a voice in Irish 

society and (4) providing the infrastructure for gerontological 

research.  The overarching aim is to provide an evidence base which 

can be used to influence policy and practice, to examine biomarkers 

of ageing and to investigate how economic and social factors affect 
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health and wellbeing.  The three main domains of TILDA are health, 

economics and social function. 

6.2.2 TILDA Data Collection and Study Procedures 

Details of TILDA data collection methods and study procedures are 

detailed in Chapter 5.  In brief, participants completed a Computer-

Aided Personal Interview (CAPI) in their homes, and were 

subsequently invited to attend a supraregional health centre for a 

comprehensive health assessment [551]. For those who were unable 

to travel to the health centre, modified health assessments could be 

carried out in the participant’s home.   

In Wave 1, 72% of participants (n = 6,150) completed the health 

assessment in the designated health centre (n=5,275; 86%) or in 

their own home (n= 876; 14%) assessment [487].  All participants 

completed the CAPI. 

6.2.3 Current Study Design 

This thesis chapter used data from Wave 1 of the Irish Longitudinal 

Study on Ageing (TILDA), which were collected between October 

2009 and February 2011.   

6.2.4 Current Study Participants 

This retrospective, longitudinal study compared individuals with 

cancer to those without cancer. The analysis sample used data from 

participants reporting a cancer diagnosis in Wave 1, comparing them 

to control participants who were cancer-free.  A cancer diagnosis was 

defined as answering ‘yes’ to the question: “Has a doctor ever told 

you that you have any of the following conditions?”, with the option of 
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“cancer or a malignant tumour”. If they said yes they were asked ‘In 

which organ or part of the body have you or have you had cancer?” 

with various options presented for the most common cancer types, 

and “other” or “don’t know”. For these analyses, all cancer types were 

included.   

Analysis consisted of both cross-sectional and longitudinal 

components. For cross-sectional analysis, prevalence of frailty at 

Wave 1 was investigated, and compared to those without a cancer 

diagnosis.  A separate longitudinal analysis was also conducted to 

ascertain the frailty status of those who had reported a cancer 

diagnosis in Wave 1.  Due to the limitations of self-report, and in the 

absence of pathological confirmation of cancer type, all cancer 

diagnoses were included.  The comparison or control group was 

composed of participants who did not report a cancer diagnosis in 

any wave.  All ages were included due to the limitations of sample 

size.  

6.2.5 Study Measures 

6.2.5.1 Sociodemographics 

Age, sex and educational attainment were compared for all study 

participants.   

6.2.5.2 Frailty Measures 

Frailty was defined from TILDA data, as closely as possible, to three 

commonly used measures of frailty, as described below. 
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6.2.5.2.1 Phenotype of Frailty 

A phenotype of frailty was devised, as closely as possible, to the 

definition provided by Fried and colleagues [63].  Five components 

were derived in order to ascertain frailty status.  The first was 

handgrip strength, which was calculated as the mean of two 

measures taken from the dominant hand taken by nurses in the 

health centre and the home. 

Readings below the 20th percentile of handgrip strength were then 

used, based on those aged 65 years and older, and adjusted for sex 

and BMI, to categorize those with low grip strength.  The cutoffs 

applied are detailed in Table 6.1. 

 

Male Female 

BMI<26:    22.5kg BMI <25:  13kg 

BMI 27-29: 24.5kg BMI 26-28:  13.5kg 

BMI 30-32:    24kg BMI 29-31:  13.5kg 

BMI>32: 23.5kg BMI>31: 13kg 

Table 6.1 Cutoffs applied for hand grip strength calculations stratified 
by sex and BMI 
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Slowness was measured by the Timed Up and Go (TUG) task, which 

involves rising from a chair (of seat height 46cm), walking 3 metres 

at the participant’s normal pace, turning around, and walking back to 

the chair to sit down again [383].  It is a measure of walking speed, 

balance and coordination.  The time elapsed between hearing the 

“Go” command to returning and sitting with the participant’s back to 

the chair, was recorded with a stopwatch.  In TILDA health centres, 

a chair with armrests and seat height of 46 cm was used for all TUG 

tests.  

Those in the lowest 20th percentile of the population, calculated 

based on those over the age of 65, stratified by median height, were 

categorized as having slow walking time.  The sex-specific cutoffs 

applied are outlined in Table 6.2. 

 

Male Female 

<:171.5cm:  12.4 s  <157.8cm:  13.4s 

>171.5cm:   11.19s >157.8cm:  11.35s 

Table 6.2 Cutoffs applied for TUG time calculation stratified by sex and 
median height 

Exhaustion was measured using two items from the Centre for 

Epidemiological Studies Depression scale [552], “I could not get 

going” and “I felt that everything I did was an effort”.  Of the four 
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possible responses: never, rarely, sometimes or often, a response of 

“sometimes” or “often” was considered to indicate exhaustion.   

Physical activity was measured from the International Physical 

Activity Questionnaire (IPAQ).  Energy expenditure in kilocalories 

(kcal) per week was calculated using the time reportedly spent 

walking, and in vigorous/moderate physical activity, weighted against 

the participant’s weight in kilograms.    Again, the 20th percentile was 

used (<675 kcal/week for men and <223 kcal/week for women) to 

categorise low physical activity for men and women. 

Finally weight loss information was provided by answering yes/no to 

the following question from the CAPI:  “in the past year, have you lost 

10 pounds (4.5kg) or more in weight when you were not trying to?” 

In order to define frailty, the sum total of the above components was 

added, and those with one or two components were considered 

“prefrail”, while those with three, four, or five components were 

classified as “frail”. 

6.2.5.2.2 Frailty Index 

Frailty in Wave 1 was also assessed using a deficit accumulation FI 

approach [66], as described by Theou et al [68] and previous studies 

[469, 553].  Items were first screened from the CAPI questionnaire in 

order to identify FI deficits.  Deficits were defined as “any symptom, 

sign, disease, disability or laboratory abnormality that is associated 

with age and adverse outcomes, present in at least 1% of the 

population, covers several organ systems and has <5% missing data” 

[68, 553].  Valid FIs require at least 30 deficits, and for the FI, a 32-

item index was devised, based on self-report (self-reported FI or 

SRFI).  The individual items, from several health domains, which 
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comprised the SRFI index are shown in Table 6.3 below.  Each was 

coded as present or absent.  Deficits with more than two categories 

were coded as a proportion of the number of categories present, from 

0-1 e.g. five categories for excellent, very good, good, fair and poor 

were coded as 0, 0.25, 0.5, 0.75 and 1.0. 

A mixture of binary, ordinal or continuous variables were used to 

construct the SRFI, and these were recoded as binary measures with 

0 indicating no deficit, 0.5 a half deficit and 1 indicating that the full 

deficit was present.  For continuous variables with no known cut-off, 

percentiles were used.  For those in the lowest 5th percentile, a full 

deficit was assigned, while those between the 5th and 20th percentile 

were assigned a half deficit.  The resultant FI score was defined by 

dividing the number of deficits by the total number of variables used 

i.e. 32.  Participants missing more than a fifth of FI items were 

excluded from the analysis.  As per previous studies, a cut-off score 

of 0.25 was used to define frailty [65, 554].   The categorical cut-

points were: FI score <0.099: Robust, FI score 0.10-0.2499: Pre-frail 

and FI score ≥0.25: Frail.  
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1.Difficulty walking 100m 17.Urinary incontinence 

2.Difficulty rising from a chair 18.Hypertension 

3.Difficulty climbing stairs 19.Angina 
4.Difficulty stooping, kneeling or 
crouching 20.Heart attack 

5.Difficulty reaching above 
shoulder height 21.Diabetes 

6.Difficulty pushing/pulling large 
objects 

22.Stroke & Transient 
ischemic attack 

7.Difficulty lifting/carrying weights 
≥10lb 23.High cholesterol 

8.Difficulty picking up coin from 
table 24.Irregular heart rhythm 

9.Feeling lonely 25.Other cardiovascular 
disease 

10.Poor self-rated physical health 26.Cataracts 

11.Poor self-rated vision 27.Glaucoma & age-related 
macular degeneration 

12.Poor self-rated hearing 28.Arthritis 
13.Difficulty following a 
conversation 29.Osteoporosis 

14.Daytime sleepiness 30.Liver disease 

15.Polypharmacy 31.Varicose ulcer 

16.Knee pain 32.Poor self-rated memory 

Table 6.3 Items included in the construction of the 32-item FI [68]Note: 
cancer was replaced by liver disease for this analysis
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6.2.5.2.3 Morley 

Five indicators, based on self-reported measures from CAPI, were 

used to construct the Morley FRAIL scale [532]. Variables included:   

Fatigue: “How much of the time during the past 4 weeks did you feel 

tired?” Responses included: 1=all of the time, 2=most of the time, 

3=some of the time, 4=a little of the time and 5=none of the time.  

Responses of 1 or 2 were categorised as fatigue, by creation of a 

dichotomous variable, and all others categorised as no fatigue. 

Resistance: “By yourself and not using aids, do you have any 

difficulty walking up one flight of stairs without resting?” Responses 

were either “yes” or “no”. 

Ambulation: “By yourself and not using aids, do you have any 

difficulty walking several hundred yards?” Responses were either 

“yes” or “no”. 

Illnesses: Illnesses included a composite measure based on 16 

chronic conditions, i.e. heart attack, heart failure, angina, cataracts, 

high blood pressure, high cholesterol, stroke, diabetes, lung disease, 

asthma, arthritis, osteoporosis, Parkinson’s disease, peptic ulcer, hip 

fracture and liver disease (not cancer) for the purpose of this analysis. 

Loss of weight: Weight loss information was provided by the 

answering yes/no to the following question from the CAPI:  “in the 

past year, have you lost 10 pounds (4.5kg) or more in weight when 

you were not trying to?” 
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The categorical cut-points were: 0: Robust, 1-2: Pre-frail and ≥3: 

Frail. 

6.2.6 Statistical Analysis 

6.2.6.1 Cross-Sectional Analysis 

Descriptive statistical data were summarised as frequencies and 

percentages for categorical variables, and means (standard 

deviations, SD) for other continuous variables.  T-tests and chi-

square tests were used to ascertain the difference between the 

cancer and control group, as mandated by variable type and 

associated tests of normality.  Non-parametric equivalents were 

carried out for skewed data. 

To determine the differences between non-frail versus pre-frail and 

non-frail versus frail, separate unadjusted multinomial regression 

analyses were conducted.  The non-frail group was used as the 

reference group for all analyses, and cancer diagnosis was used as 

the predictor variable.  This was followed by a multinomial regression 

model adjusted for age, sex and education, and TILDA survey 

weights (described below) were applied.  Potential multicollinearity 

was assessed by Person correlation and analysis of variance inflation 

factor (VIF) between covariates (VIF>5). 

Both unadjusted and adjusted models, including relative risk ratios 

(RRR) and 95% confidence intervals (CIs) were produced.  

6.2.6.2 Longitudinal Regression Analysis 

Participants who declared a cancer diagnosis in Wave 1 were 

followed up at Wave 3, to determine the change in frailty status over 
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time.  Only those participants with frailty data in both waves were 

included in this analysis i.e. those who survived approximately four 

years from Wave 1 to Wave 3.  All Wave 3 participants were included 

in this analysis, regardless of interview status i.e. proxy or self.  

Multinomial logistic regression was used to evaluate the longitudinal 

association between frailty and cancer. A multinomial logistic 

regression model was fitted (using non-frail as the reference group) 

to assess the odds of frailty and pre- frailty at Wave 3 in the context 

of a cancer diagnosis. This was followed by an adjusted analysis, 

controlling for age, sex and education, and TILDA weights (described 

below) were applied.   

6.2.7 Correction for Multiple Comparisons 

In instances of multiple comparisons, which increase the risk of Type 

I error i.e. rejecting the null hypothesis when it’s true, a Benjamini-

Hochberg correction [489], was applied to control the false discovery 

rate (FDR).  This provided an adjusted α =0.05 i.e. values or less than 

or equal to 0.05 were considered significant.  For further details, the 

calculation of the FDR (set at 0.25 for all calculations) is contained in 

Appendix 22.   

All analyses were performed using Stata version 12.1 (Stata 

Corporation, College Station, TX, USA). 

6.2.8 Sampling Weights 

In TILDA, participants were selected according to a multistage 

sampling design, which has been described in the previous chapter 

and elsewhere [488]. The response rates may vary for certain 

subgroups of the population, and thereby introduce a source of bias.  

In order to overcome this, calibration weights were applied in the 
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analysis stage to ensure that subgroups were nationally 

representative. 

For cross-sectional analysis, a health assessment weight was 

applied to the measurement of Fried frailty, while CAPI weights were 

applied to the FI and Morley measures.   

The CAPI weight was derived from a comparison of individuals 

(sample versus true population) using age, sex and highest 

educational attainment.  This information was provided by the 

Quarterly National Household Survey (QNHS 2010) and more 

recently the 2011 Census data. 

The health assessment weight includes a probability weighting for 

those who completed the CAPI, in terms of going on to complete the 

health assessment in the regional health centres, or in the home. This 

probability is calculated for each participant, based on age, sex and 

education, using multivariable logistic regression. 

For longitudinal analysis, the corresponding Wave 3 weights were 

applied to the relevant dependent variable for regression analysis. 

6.3 Results 

6.3.1 Cross-sectional Analysis  

6.3.1.1 Demographic Characteristics of Study Sample 

The demographic characteristics of the cross-sectional (Wave 1) 

study sample are shown in Table 6.4.  In total, there were 522 

participants with cancer in Wave 1, and 7,982 without. The cancer 

group was marginally older (p<0.001), with a mean age of 65.77, in 
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comparison to the control arm, whose mean age was 62.97.  The 

sample included mostly females; 60.34% of the cancer group was 

fem6ale, compared to 55.24% of the control arm.   Marital status was 

similar in the cancer and control arms, with over two-thirds of both 

groups being married. 

 

6.3.1.1 Disease and Treatment Characteristics 

The disease and treatment characteristics of the Wave 1 analysis 

sample are reported in the previous chapter (Chapter 5). 
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Characteristic Cancer group 
 

Control group 
 

Difference  

n (%) Mean 
(SD) 

n  
(%) 

Mean 
(SD) 

p value 

Age 522 
(6.15%) 

 7,970 
(93.85%) 

  
 
<0.001* 
 

 65.77 
(9.68) 

 62.97 
(10.22) 

Sex     0.02* 
   Female 315 

(60.34) 
 4,409 

(55.24) 
  

   Male 207 
(39.66) 

 3,573 
(44.76) 

  

Education 
Level  

    0.62 

   Primary 167 
(31.99) 

 2,354 
(29.49) 

  

   Secondary 206 
(39.46) 

 3,225 
(40.40) 

  

   Third Level  149 
(28.54) 

 2,399 
(30.06) 

  

Marital Status     0.13 
   Married 351 

(67.24) 
 5,615 

(70.35) 
  

   Not married 171 
(32.76) 

 2,367 
(29.65) 

  

*indicates significance at adjusted p value following Benjamini-Hochberg 
correction 
n=12 of the control group were missing data for age variable, and 4 for education 
variable 

 

Table 6.4 Demographic characteristics of study sample 

 

6.3.1.2 Participants 

In Wave 1, 72% of participants (n = 6,150) completed the health 

assessment in the designated health centre (n=5,275; 86%) or had a 

home (n= 875; 14%) assessment [487]. Of those, 149 of the 522 

participants with cancer did not have a health assessment in Wave 
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1, while 308 had a health centre assessment, and 65 opted for a 

home assessment instead. In the control group, 2,205 had no health 

assessment, 4,967 had a health centre assessment and 810 opted 

for a home assessment.  The participant flow chart and final numbers 

for analysis of each frailty measure in each group are presented in 

Figure 6.2. 

 

 

Figure 6.2 Participant flow chart 

Control group

Wave 1 total n=7,982

Number who completed 
health assessment n=4,967

Number who completed a 
home assessment n=810

Number who completed 
CAPI n=7,982

Number available for 
analysis:

Fried n=5,591
FI n=7,982

Morley n=7,951

Cancer group

Wave 1 total n=522

Number who completed 
health assessment n=308

Number who completed a 
home assessment n=65

Number who completed 
CAPI n=522

Number available for 
analysis: 

Fried n=360
FI n=522

Morley n=518
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6.3.1.3 Prevalence of Frailty 

The overall prevalence of frailty for each of the three frailty measures 

used, is presented in Table 6.5.  For all three frailty measures, the 

prevalence of frailty was significantly greater in the cancer group 

compared to the control group.   

With regard to the Fried criteria, there was a greater incidence of 

weight loss in the cancer group compared to the control group 

(p<0.001).  There was also a statistically significant difference in the 

low activity and slowness, with the cancer group reporting more 

adverse features.  Overall, the incidence of prefrailty at Wave 1 was 

40.42% in the cancer group, versus 33.70% in the control arm.  The 

corresponding frailty categorization was 7.13% for the cancer arm, 

versus 4.64% in the control arm.  

The prevalence of frailty according to FI criteria was 23.44% in the 

cancer arm, versus 13.98% in the control arm, while 35.44% and 

29.33% of the cancer and control arm, respectively, were 

characterized as pre-frail.   

Using Morley FRAIL scale criteria, there were lower levels of frailty in 

both groups, compared to the other measures.  Frailty levels for the 

cancer and control arm, were 6.45% versus 3.04%.  Pre-frailty 

categorization was also lower: 29.96% versus 21.8%, again with 

higher levels of pre-frailty reported in the cancer group. 
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A comparison of the prevalence of frailty and pre-frailty, for all three 

measures, is shown in Table 6.5.  A further break-down by age >65 

and <65 is included in Appendix 23.  Please note: weight loss 

information is different for Fried and Morley criteria due to the differing 

numbers of participation, as displayed in Figure 6.2. 
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Frailty Measure Group Cancer group  
 
weighted proportion % [95% 
CI] 

Control group 
 
weighted proportion % [95% 
CI] 

Difference between both 
groups  
(p value) 

Fried Exhaustion 10.26 [7.24,14.34] 9.72 [8.90,10.61] 0.76 
Weight loss 12.77 [9.53,16.89] 7.14 [6.43,7.93] <0.001 
Low activity  21.40 [17.05,26.50] 16.09 [15.02,17.22] 0.018 
Slowness 18.89 [14.56,24.14] 11.66 [10.68,12.72] <0.001 
Low grip  18.00  [13.80,23.12] 14.05  [13.03, 15.14] 0.08 
Prefrail 
 
Frail 

40.42 [34.93,46.15] 
 
7.13 [4.61,10.87] 

 33.70 [32.32,35.10] 
 
4.64 [4.00,5.38] 

0.005 

Frailty Index  Prefrail 
 
Frail 

35.44 [31.27,39.85] 
 
23.44 [19.71,27.65] 

29.33 [28.28,30.40] 
 
13.98 [13.17,14.84] 

<0.001 

Morley  Fatigue 
Resistance 
Ambulation 
Illnesses 
Loss of weight 

11.05 [8.48,14.29] 
12.96 [10.05,16.54] 
13.25  [10.33,16.85] 
7.48 [5.38,10.33] 
15.59 [12.53,19.23] 

10.11 [9.42,10.85] 
7.86[7.23,8.54] 
8.35  [7.70,89.05] 
4.56 [4.08,5.09] 
7.23 [6.63,7.86] 

0.52 
<0.001 
<0.001 
0.005 
<0.001 

Prefrail 
 
Frail 

29.96 [25.91,34.35] 
 
6.45[4.46,9.26] 

21.80 [20.84,22.80] 
 
3.04 [2.65,3.49] 

<0.001 

Table 6.5 Prevalence of frailty for all three measures and all participants (adjusted for age, sex and education
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6.3.1.4 Cross-sectional regression analysis of frailty  

Multinomial logistic regression was used to model the association 

between frailty and cancer, both unadjusted and adjusted, as seen in 

Table 6.6.  Upon adjustment for demographic variables and TILDA 

survey weights, a cancer diagnosis was associated with frailty, as 

measured by FI and Morley criteria, but not the Fried phenotypic 

classification.  The highest relative risk was in relation to predicting 

frailty, rather than pre-frailty.  In most analyses, increasing age, 

female sex and low educational attainment (primary level) were also 

predictive of worsening frailty.
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  Unadjusted model                                                  Adjusted model 
  Non-frail versus Non-frail versus Non-frail versusa 
  Pre-frail 

RRR (CI) 
Frail 
RRR(CI) 

Pre-frail 
RRR(CI) 

Frail 
RRR(CI) 

Pre-frail 
RRR(CI) 

Frail 
RRR(CI) 

Fried Cancer 
diagnosis 

1.39* 
[1.11,1.74]        

2.00* 
[1.26,3.17]        

1.17 
[0.93,1.49]        

1.47 
[0.91,2.38]        

1.16 
[0.90,1.50]        

1.30 
[0.77,2.22]        

Age 
 
Sex 

  1.05** 
[1.04,1.06]        

1.11** 
[1.10,1.14]        

1.06** 
[1.05,1.06]        

1.13** 
[1.11,1.15]        

   Male   reference reference   
   Female 
 

  1.14* 
[1.01,1.27]        

1.05 
[0.79,1.39]        

1.16* 
[1.03,1.32]        

1.10 
[0.81,1.49]        

Education 
Level  

      

   Primary   reference reference   
   
Secondary 

  0.64* 
[0.68,0.91]        

0.78* 
[0.47,0.89]        

0.76** 
[0.66,0.88]        

0.64* 
[0.47,0.89]        

   Third 
Level  
 

  0.60** 
[0.52,0.70]        

0.32** 
[0.21,0.48]        

0.61** 
[0.52,0.71]        

0.32** 
[0.21,0.49]        

Frailty 
Index 

Cancer 
diagnosis 

1.69** 
[1.33,2.14]        

2.36** 
[1.78,3.13]        

1.40* 
[1.10,1.80]        

1.77** 
[1.30,2.41]        

1.43* 
[1.09,1.87]        

2.09** 
[1.52,2.88]        

Age 
 
Sex 

  1.07** 
[1.07,1.08]        

1.12** 
[1.11,1.13]        

1.07** 
[1.06,1.08]        

1.11** 
[1.10,1.12]        

   Male   reference reference   
   Female 
 

  1.34** 
[1.19,1.51]        

1.82** 
[1.54,2.17]        

1.31** 
[1.15,1.49]        

1.96** 
[1.62,2.36]        

Education 
Level  

      

Primary   reference reference   
   
Secondary 

  0.71** 
[0.60,0.82]        

0.52** 
[0.43,0.64]        

0.69** 
[0.59,0.81]        

0.50** 
[0.40,0.61]        

Third Level  
 

  0.70** 
[0.60,0.82]        

0.36** 
[0.29,0.46]        

0.68** 
[0.58,0.80]        

0.36** 
[0.29,0.46]        

Morley 
FRAIL 
scale 

Cancer 
diagnosis 

1.66** 
[1.31,2.11]        

2.88** 
[1.74,4.75]        

1.42* 
[1.12,1.81]        

2.27* 
[1.36,3.79]        

1.40* 
[1.07,1.82]        

2.50* 
[1.46,4.28]        

Age 
 
Sex 

  1.04** 
[1.03,1.05]        

1.06** 
[1.04,1.08]        

1.04** 
[1.03,1.05]        

1.06** 
[1.04,1.08]        

   Male   reference reference   
   Female 
 

  1.15** 
[1.33,1.73]        

1.13 
[0.80,1.59]        

1.56** 
[1.35,1.79]        

1.26 
[0.87,1.82]        

Education 
Level  

      

   Primary   reference reference   
   
Secondary 

  0.71** 
[0.61,0.83]        

0.43** 
[0.29,0.64]        

0.70** 
[0.60,0.82]        

0.41** 
[0.27,0.62]        

Third Level  
 

  0.55** 
[0.47,0.66]        

0.28** 
[0.17,0.46]        

0.57** 
[0.48,0.68]        

0.28** 
[0.17,0.47]        

**P<0.001 *p<0.05    a adjusted for age, sex and education with TILDA survey weights applied 
RRR = relative risk ratio – greater than 1 means an increased risk equivalent to the ratio provided e.g. 1.39 is 
equivalent to a 0.39  increased risk, 2.0 to a doubling in relative risk etc. 

Table 6.6 Unadjusted and adjusted associations between a cancer 
diagnosis and three measures of frailty 
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6.3.2 Longitudinal Analysis 

For those participants who disclosed a previous history of cancer at 

Wave 1, a follow-up analysis of their frailty trajectory was performed 

with a regression analysis at Wave 3.  The demographic 

characteristics of the longitudinal sample are provided in Table 6.7.    

6.3.2.1 Demographic Characteristics 

 Statistic Cancer group 
(n=358)  

Control 
Group 
(n=6,155) 

P value 

Age Mean (SD) 64.65 (9.50) 62.21(9,64) <0.001* 

Sex 
Male 
 
Female  

n (%) 
 

 
137 (38.27)  
 
221 (61.73) 

 
2,728 (44.26) 
 
3,436 (55.74) 

0.03* 
 

Education  n (%) 
 

 
  

0.36 

Primary 
 
Secondary 
 
Third level 

 105(29.33) 
 
136 (37.99) 
 
117(32.68) 

1,597 (25.91) 
 
2,440 (39.58)   
 
2,126 (34.49)             

 

Marital Status n (%)   0.60 

Married 

Unmarried 
 254(70.95) 

 
104 (29.05) 

4,452 (72.23) 
 
1,712 (27.77)      

 

*indicates significance at adjusted p value following Benjamini-Hochberg correction 

Table 6.7 Demographic characteristics of study sample (Wave 1) 
included in the longitudinal analysis 

Multinomial logistic regression was used to evaluate the longitudinal 

association between frailty and cancer. A multinomial logistic 

regression model was fitted (using non-frail as the reference group) 

to assess the odds of pre- frailty and frailty at Wave 3 in the context 

of a cancer diagnosis. This was followed by an adjusted analysis, 

controlling for age, sex and education, and TILDA weights. 
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A cancer diagnosis was not a significant predictor of longitudinal 

frailty, when either the Fried or Morley criteria were used (results not 

presented here).  However, it was significant when combined with the 

FI measure, on univariate analysis, for pre-frailty only, as shown 

below in Table 6.8.   

  Unadjusted model Adjusted model 
  Non-frail versus Non-frail versus Non-frail versusa 
  Pre-frail 

RRR (CI) 
Frail 
RRR(CI) 

Pre-frail 
RRR(CI) 

Frail RRR(CI) Pre-frail 
RRR(CI) 

Frail RRR(CI) 

Frailt
y 
Index 

Cancer 
diagnosis 

1.52* 
[1.13,2.03]        

1.18 
[0.76,1.83]        

1.32 
[0.98,1.78]        

0.979 
[0.62,1.54]        

1.37 
[0.96,1.97]        

0.83 
[0.48,1.46]        

Wave 1 
FI group 
Non-frail 

 
 
reference 

 
 
reference 

 
 
reference 

 
 
reference 

 
 
reference 

 
 
reference 

Prefrail 7.89** 
[6.79,9.16]        

22.12** 
[16.78,29.15]        

6.44** 
[5.52,7.51]        

15.50** 
[11.66,20.62]        

6.13** 
[5.08,7.39]        

13.60** 
[9.40,19.68]        

Frail 46.19** 
[26.14,81.6
3]        

803.64** 
[441.79,1461.8
6]        

37.36** 
[21.06,66.2
7]        

526.33** 
[286.63,966.4
8]        

48.95** 
[24.68,97.0
7]        

706.37** 
[336.6,1482.
6]        

Age 
 

  1.06** 
[1.05,1.07]        

1.10** 
[1.08,1.11]        

1.06** 
[1.04,1.07]        

1.10** 
[1.08,1.12]        

Sex       
   Male   reference reference   
   Female 
 

  1.26* 
[1.09,1.45]        

1.91** 
[1.52,2.40]        

1.24* 
[1.04,1.48]        

1.72** 
[1.29,2.28]        

Educatio
n Level  

      

   
Primary 

  reference reference   

   
Seconda
ry 

  0.77* 
[0.63,0.93]        

0.53** 
[0.40,0.69]        

0.72** 
[0.57,0.91]        

0.53** 
[0.38,0.74]        

   Third 
Level  
 

  0.65** 
[0.53,0.79]        

0.32** 
[0.24,0.43]        

0.565** 
[0.51,0.82]        

0.35** 
[0.24,0.51]        

**P<0.001 
*p<0.05 
a adjusted for age, sex and education with health assessment survey weights applied 
FI=Frailty Index 
RRR = relative risk ratio – greater than 1 means an increased risk equivalent to the ratio provided e.g. 1.39 is 
equivalent to a 0.39  increased risk, 2.0 to a doubling in relative risk etc. 

Table 6.8 Unadjusted and adjusted associations between a cancer 
diagnosis at Wave 1 and three measures of frailty at Wave 3 
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6.4 Discussion  

In this study of TILDA Wave 1 participants, frailty was defined using 

three measures, Fried phenotype of frailty [63], a deficit accumulation 

FI as described by Theou et al [68] and the Morley FRAIL scale [532].  

Comparing all three measures of frailty, the prevalence of frailty 

criteria was higher in the cancer arm, compared to the control arm, 

for all participants and all ages combined.  Similar to previous studies 

of older adults, the cumulative deficits approach provided a higher 

estimate of frailty, compared to the phenotype model.  The highest 

prevalence of frailty was provided by the FI approach.  The lowest 

overall prevalence of frailty was provided by the FRAIL scale.  A 

cancer diagnosis resulted in a greater risk of developing frailty when 

using the cumulative deficits and FRAIL scale approaches.  However, 

there was no longitudinal association with frailty at Wave 3, when 

controlling for baseline frailty at Wave 1, or age, sex and education. 

In terms of aetiology, frailty and cancer share common risk factors, 

such as smoking [47], sedentary lifestyle [48], malnutrition and 

obesity [49].  Recent research efforts have focussed on defining the 

acceleration of frailty that is known to occur, due to cancer and its 

treatment [50-52].  Accumulation of cellular damage and system 

dysregulation are common to both ageing and cancer [51-54].  

Follow-up of paediatric and young adult cancer survivors have shown 

earlier onset of age-related concerns, such as multimorbidity, frailty 

and functional decline [55-57].  The prevalence of frailty has 

previously been demonstrated to be similar among younger cancer 

survivors and adults aged 65 years and older, without a cancer 

diagnosis [57, 58].  It is thought that aging and cancer represent 

different courses, with a common underlying cellular mechanism, 

which is also influenced by genetics and the environment [59].  This 

helps in part to explain the considerable differences seen in ageing 
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phenotypes observed in older people e.g. one 70 year old may be 

frail and use a walking aid, while another may run marathons.   

Although frailty is usually studied in older adult populations, a lower 

age cutoff was used for the current study, using data from TILDA.  

Previous studies have reported greater than expected rates of frailty 

in populations of adult survivors of childhood and adolescent cancers 

several years after treatment [56-58]. A recent longitudinal study of 

phenotypic frailty and cognition in women aged 50 years and older, 

with breast cancer, similarly found a greater prevalence of frailty 

before, during and after receiving chemotherapy.  Although frailty 

status had resolved 6 months after completing chemotherapy, it 

remained higher than age-matched controls. Thus, the inclusion of 

younger patients with a history of cancer was justified in the current 

analysis.  The average time since diagnosis was 21.6 years, with a 

range of 0-53 years.  Indeed, it was observed that despite including 

a “younger” population on average, frailty characteristics were more 

prevalent and mean frailty scores were higher in those diagnosed 

with cancer, compared with controls.  These findings provide some 

leverage for reconsideration of the traditional age cut-offs advocated 

in oncology of 65 and 70 [80, 555]. 

A recent study, one of the largest to date using phenotype frailty 

criteria, and 418 patients aged 66-100 years, found that 37% were 

pre-frail and 55% were frail [556].This included all cancer types, and 

was measured before active treatment, however it included older 

individuals referred to a “geriatric frailty clinic”, with an under 

representation of good prognosis cancers, such as prostate and 

breast cancer.  The corresponding proportions for pre-frailty and 

frailty in the current study for those aged 65 and over and a previous 

diagnosis of cancer, using phenotypic criteria, were lower.  However, 

the two study cohorts are very different with regard to age and 
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disease type.  Other smaller studies of the Fried phenotype, mostly 

in surgery, have shown associations with post-operative risk [557, 

558] and chemotherapy toxicity [559].  A further study (retrospective) 

investigated the association between preoperative frailty and the 

onset of surgical complications in patients (n=587) diagnosed with 

non-melanoma skin cancer, undergoing plastic and reconstructive 

surgery [560].   It was found that increasing FRAIL scores were 

associated with worsening surgical outcomes.     

Frailty assessment in radiation oncology research has been relatively 

sparse, by comparison to medical and surgical oncology [183].  

Comparison to published series is difficult as no consensus on 

optimal frailty assessment exists in either geriatric medicine [45] or 

oncology [61, 561].  Some of the frailty assessment tools developed 

in oncology to date have been criticised as they lack assessment of 

physical function, which is seen as a central element of frailty [561].  

The two most common frailty assessments in medical gerontology 

are the Fried phenotype and FI approaches.  Thus, their use in the 

current analysis is considered justified.  One of the many obstacles 

to implementing CGA in oncology has been the argument that it is 

too time consuming [179]. The FI used in this analysis consisted of 

self-report items only, and is easily replicated in other settings.  It is 

based on established criteria for FI construction [553].  Previous 

studies have demonstrated good agreement with a corresponding FI 

based on test-based measures [68]. 

The highest prevalence of frailty in the current analysis was in relation 

to the accumulation of deficits, as measured by FI.  Frailty models, 

such as the FI, may be used to make better treatment decisions for 

patients with cancer, as it is related to a host of adverse outcomes, 

such as hospitalisation, disability and death [66, 562, 563].  Knowing 

the risk of such adverse outcomes in advance is important in making 
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life affirming decisions.  In oncology, impairment in geriatric domains 

is predictive of such things as chemotherapy toxicity [564], 

postoperative complications [558], functional decline [565] and 

overall survival [566].  A previous TILDA analysis has shown that 

frailty, independent of other health and socioeconomic factors, is 

associated with increased healthcare utilisation among those aged 

65 and over [469], in the areas of General Practitioner visits, use of 

homecare services and unplanned hospital visits.  Reported 

healthcare expenses related to frailty are estimated to be 

approximately €3500 over 3 months for older adults, which is about 

5 times the cost for those who are nonfrail  [567].  It therefore has an 

economic impact, and may be more of a concern for those diagnosed 

with cancer, although it was not investigated in the current study.   

It is also imperative to investigate and diagnose frailty in older adults 

with cancer, as frailty is potentially reversible [568, 569], and presents 

an opportunity for appropriate interventions if detected at an earlier 

stage i.e. pre-frailty.  Without regular assessment of frailty, it isn’t 

possible to respond to the more complex healthcare needs that 

someone with cancer and frailty may have.  Functional reserves of 

frail patients may preclude them from benefitting from active cancer 

treatment, and thus it should form the basis of a diagnostic workup, 

especially in older patients, to ensure adequate reserve capacity. 

Change in frailty status over time, based on the (continuous) FI 

approach, is also associated with mortality risk, and thus regular 

assessment is advocated [562]. 

The predictive capacity of frailty scores generally has mainly been 

studied with morality endpoints. Their ability to predict other important 

outcomes in the older population, such as cancer occurrence and 

cardiovascular events, are not currently available in the published 
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literature, as highlighted by a recent comparative analysis of the 

relationship between 35 frailty measures and cancer events [570].   

Having completed this research, the question now arises as to which 

of the three measures used might be the most useful in clinical 

practice?  Of the three measures used in this study, the FI provided 

the highest estimate of frailty, due to its multidimensional nature.  

Both Fried and Morley scales are based on physical frailty, and are 

therefore seen as less sensitive to longitudinal changes, from a 

clinical perspective [45].  Therefore, the FI may be more useful to 

investigate the effectiveness of an intervention and to describe health 

trajectories over time [571].  The most widely used frailty measures 

in clinical practice are undoubtedly the FP and FI approaches [572]. 

These two frailty models are well validated in many populations and 

settings [573]. The aforementioned secondary analysis of ELSA 

studies, by Aguayo et al [570], analysed 35 different frailty scores in 

their review and found that multidimensional measures, such as the 

FI, may have a stronger association with mortality and cardiovascular 

events.  The FI has the added advantage of being eligible for self-

completion.  It is essential to choose a frailty screening tool, which is 

has sufficient predictive power for other adverse outcomes, but is 

simple to use, and validated, in a specific clinical setting [45].  Ideally, 

combined use of the FP and FI instruments is advised, as they 

provide separate and complementary clinical information about the 

individual’s risk profile [571]. 

In order to overcome some of the stigma associated with a diagnosis 

of frailty, a recent construct that has been proposed is the idea of 

intrinsic capacity, which emphasises the physical and mental 

capabilities of an individual, rather than their losses, as characterised 

by frailty measures [574].  This has been endorsed by the WHO, but 

has not been validated in clinical practice. 
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A recent report from the National Cancer Control Programme 

(NCCP) has highlighted the survivorship needs of those living with 

and beyond cancer in Ireland [575].  Cancer survivors comprised 4% 

of the Irish population in 2016, and greater recognition of the physical 

and psychological consequence of a cancer diagnosis were 

highlighted as key priorities from this report.  Most follow-up care is 

currently delivered in hospitals, and it was suggested that this be 

reviewed so that a model of more integrated care may be provided.  

This is especially important in the context of longitudinal assessment 

and management of frailty.   It was also stressed that meeting the 

needs of cancer survivors would require more detailed information 

from research in the post-treatment phase.  Longitudinal studies, 

such as TILDA are useful resources to help fill this important gap. 

6.5 Strengths and Limitations 

This study had several strengths. Firstly, validated measures were 

used to provide a comprehensive assessment of frailty in cancer 

survivors, using both objective and self-report items. While the aim of 

this study was to investigate the prevalence of frailty in community 

dwelling older adults with cancer, it also described the construction 

of a FI which may have relevance for clinical practice and is feasible 

in terms of implementation.  Also, the study sample is nationally 

representative of adults aged 50 years and over living in the 

community in Ireland. 

With regard to limitations, TILDA excludes individuals in hospital, 

nursing home residents and those resident in other institutions in this 

wave (these were facilitated by proxy interviews in subsequent 

waves).  This potentially excludes some of the most vulnerable and 

frail members of the population, many of whom may have become 

dependent due to a cancer diagnosis.  
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Frailty measures were constructed using available data, obtained 

within  TILDA, and extracted from various questionnaires, but 

nevertheless retain their validity.  

The cancer sample consisted of heterogeneous cancer types, and it 

wasn’t possible to assess cancer stage for these, in order to ascertain 

disease status.  The risk profile associated with some of these 

diagnoses is likely to be substantially different from that of a good 

prognosis cancer.   Also, it wasn’t possible to report if participants 

with cancer were undergoing active treatment, or not.   

In addition, the number of participants with some cancer subtypes 

was small, and therefore, a subgroup analysis was not feasible as it 

would be underpowered to detect statistically significant 

associations.  Site specific studies provide more insight into how the 

unique disease and treatment characteristics influence health and 

wellbeing. 

Disclosure of a cancer diagnosis, and of other comorbid conditions, 

was self-reported and may not always be accurately reported e.g. 

someone might report they have brain cancer, for brain metastases, 

while their primary cancer may be breast cancer.  Likewise for “liver 

cancer” and colorectal disease.   

Also, in TILDA, skin cancer is classified as “malignant melanoma 

(skin cancer)”. This is a relatively broad classification that is usually 

separated in studies of cancer into “melanoma” and “non-melanoma 

skin cancer (NMSC)” as the latter is associated with a much more 

favourable diagnosis.  Previous studies have excluded NMSC on the 

basis that it is so treatable, however it wasn’t possible to do so in the 

current analysis. 

The absolute numbers of participants with cancer, compared to those 

without, was relatively low.  However, this forms the basis for 



  

Chapter 6 

 

 

 272  

  

generation of hypotheses to be further investigated in larger scale 

studies of cancers under more controlled conditions. 

6.6 Conclusion 

In conclusion, in this secondary analysis of a large nationwide study, 

it was determined that participants with cancer had higher frailty 

scores compared with noncancer controls.  Given that frailty is a 

known risk factor for adverse outcomes for older patients in 

particular, consideration of this aging-related syndrome needs to be 

taken into account by all healthcare practitioners treating patients 

with cancer. Interventions are needed to minimize the progression of 

frailty and to possibly reverse onset of premature frailty. These data 

could inform treatment decision making and survivorship care 

planning. 
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7 Discussion and Conclusions 

7.1  Thesis Aims and Structure 

The overall aim of this thesis was to measure geriatric assessment 

(GA) based deficits and frailty in an Irish (hospital and community) 

population with cancer and to study the feasibility of GA  in a radiation 

oncology clinic.  This information is important from a health services 

perspective, as it provides an important baseline for monitoring 

implementation of policy in relation to geriatric oncology in Ireland.  

This chapter will provide an overall discussion of these results, with 

an emphasis on original contributions to the research field and their 

implications for clinical practice and health policy.  Also, 

recommendations for future research are made, arising from the 

research findings and limitations encountered throughout the course 

of this research, as well as new areas that have emerged as research 

priorities since the commencement of this PhD. 

7.1.1 Literature Review Main Findings 

Chapters 1 and 2 of this doctoral thesis provided a background to the 

research area, including relevant literature and importantly identified 

existing research gaps. 

In Chapter 1, the context for this research was established, through 

highlighting the predicted demographic changes that are expected in 

Ireland, and internationally, over the coming decades.  In Ireland 

alone, the number of cancer cases are expected to increase by 81% 

for females and 108% for males between 2010 and 2040 [1].  The 

various challenges that this represents in oncology were highlighted, 

namely poorer outcomes for older adults with cancer at the present 
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time [11, 12], inequities in access to treatment [13, 14], with 

undertreatment a common occurrence [17], as well as the traditional 

exclusion of older patients from cancer clinical trials [19-22].  

Although approximately 60% of new cancer cases occur in older 

people, they comprise only a quarter of participants in cancer clinical 

trials [24]. The latter is particularly problematic, as the evidence base 

for treatment of older adults is poor, particularly those who may be 

pre-frail or frail.  There is virtually no guidance on appropriate 

treatment for those in the “oldest old” category i.e. 80 years and older, 

which is projected to double in the coming decades [576]. 

Ireland’s National Cancer Strategy 2017–2026 [577], has recognised 

for the first time that geriatric oncology is a priority area for 

development in Ireland. The strategy focuses on three main areas to 

prioritise – education, clinical practice and research.  It states that 

“formalised geriatric input needs to be built into the multidisciplinary 

assessment of the care of older patients with solid and 

haematological malignancies”.  This recommendation has also been 

mirrored internationally.  Major organisations, such as the Institute of 

Medicine (USA) and American Society of Clinical Oncology (ASCO) 

have specifically identified older adults with cancer as a key research 

priority group [258, 465]. Additionally, the International Society of 

Geriatric Oncology (SIOG) [79], and the National Comprehensive 

Cancer Network (NCCN) [78] have advocated for the implementation 

of Comprehensive Geriatric Assessment (CGA) in older adults with 

cancer in order to better determine the appropriate course of 

treatment, and to assess patient outcomes.  It is well established in 

the literature, and from the major advisory and advocacy 

organisations, that in order to inform policy, additional evidence is 

required about the relationship between more age appropriate 

endpoints, as defined by CGA, e.g. physical function and cognitive 

performance, and their impact on a patient’s daily life.   
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Many international models of geriatric oncology exist [35-37], to 

provide guidance.  Ironically, geriatric oncology is a relatively young, 

but increasingly important field in oncology. Since the first geriatric 

case for geriatric oncology as a discipline was put forward in the 

1980s [578] the field has grown, with most of that growth taking place 

in developed nations, and often in very select regional centres of 

those developed countries [213].  There are many models of geriatric 

oncology programmes, such as those providing ongoing geriatric 

oncology management throughout the cancer trajectory, one-time 

consult programmes, site specific models and those based on age, 

rather than tumour site [221].  Geriatric oncology remains a niche 

service in many countries internationally [213].  In a European 

context, significant heterogeneity exists among geriatric oncology 

programmes. 

For example the use of a screening tool is a quality indicator for 

patients with colorectal cancer in the Netherlands [222].  The Italian 

system of geriatric oncology is organised through The Italian Geriatric 

Oncology Group (GIOGER) [223], which is similar to the Spanish 

system [224], with a few geriatric oncology programmes in some of 

the biggest centres.  Similarly, in the UK, a number of pilot 

programmes have been initiated [225].   

France is known to be at the forefront of geriatric oncology and has 

a relatively coordinated system which serves as one of the exemplars 

worldwide. This coordination has been facilitated by funding through 

Institute National du Cancer (INCa), who have funded consecutive 

cancer plans [226].  This has led to a more coordinated network of 

geriatric oncology units across the country, which are led by both an 

oncologist and a geriatrician. Ultimately, this has enhanced access 

for older patients and resulted in organised geriatric oncology 

research programmes and increased awareness among both the 
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general population and health professionals.  Such funding initiatives 

would greatly enhance current provision in an Irish context. 

National support is necessary to provide the kind of infrastructure and 

administrative support to lay the foundations for a sustainable 

programme in the longer term. Difficulties sustaining these 

requirements have been explored in the published literature [227]. 

Defining clinical referral pathways for identified deficits and ensuring 

access to appropriate interventions are important tasks to address 

before implementing CGA [228]. This requires good communication 

with other disciplines as part of the multidisciplinary pathway, which 

has historically been quite poor, with both professions traditionally 

working in a separate capacity, with little collaboration [229].   

General Practitioners (GPs) are another untapped resource that 

could potentially be better utilised in geriatric oncology.  GPs often 

feel excluded during cancer treatment, despite being a main point of 

contact for the patient, and often the best gatekeeper for access to 

support services in the local community [230, 231].   

The literature review (Chapter 2) outlined the main schools of thought 

in relation to frailty, which lacks consensus in the medical gerontology 

literature, as well as in oncology.  The two main schools of thought 

were outlined, i.e. the phenotype of frailty defined by Fried [63], from 

the Cardiovascular Health Study (CHS), and Rockwood’s clinical 

frailty criteria [64], based on cumulative deficits on various CGA 

domains.  The metaphor of the Golden Gate Bridge best describes 

the differences between these two operationalisations of frailty, and 

is depicted in Figure 2.2 in Chapter 2.  Both of these models of frailty 

were investigated in the final study of this doctoral thesis. 

The association between frailty and cancer was then explored, as 

well as the importance of assessing frailty in older adults with cancer.  
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There is now a well-known acceleration of frailty linked to cancer and 

its treatment [50-52].  Accumulation of cellular damage and system 

dysregulation are now established features of both ageing and 

cancer [51-54].  Frailty has been associated with increased mortality 

in older adults with cancer [60], however the definition of frailty in 

many studies has been heterogeneous [61].  Very few studies have 

investigated the association between the phenotypic or FI 

approaches in oncology, which was later explored in the second 

TILDA study of this PhD research. 

The literature review also demonstrated that identification of 

previously unknown deficits is one of the major advantages of a CGA, 

allowing some intervention in order to optimise patient care.  This is 

more beneficial for older adults with cancer, but younger frail patients 

may also benefit.  CGA or Geriatric Assessment (GA) as it’s 

commonly abbreviated to in oncology, is a multidimensional, 

interdisciplinary assessment that includes functional status, 

comorbidity, cognition, psychological status, nutrition, social support 

and polypharmacy, amongst others [87].  This assessment can 

provide a broader overall understanding of individual characteristics 

that affect life expectancy, functional decline, cognition and patient’s 

own wishes, as well as how oncologic treatment might affect them 

[88].  These are important factors to consider when deciding on a 

course of treatment. GA is vital in “staging the ageing” i.e. assessing 

physiologic and functional capacity, which in turn has implications for 

being able to predict treatment tolerance and toxicity [170-173].  

Accumulation of deficits, as defined by CGA, was investigated in both 

Chapters 4 and 5. 

When it comes to oncology, the lack of consensus in relation to frailty 

assessment has been considered a major impediment to the 

advancement of the field of geriatric oncology.  Puts et al [40] have 
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highlighted this lack of standardisation with regard to CGA domains 

and assessments in the published literature. The initial study 

(Chapter 3) of this PhD sought to overcome this barrier, by seeking 

consensus on the optimal form of frailty assessment for Irish 

oncology practice.   

Having considered the published literature, and known research 

gaps, the thesis aims were formed through three main approaches.  

The first was to use consensus-based methods to inform the design 

of a GA for oncology practice.  The second was to undertake a pilot 

study of this assessment in a clinical setting, while the third 

investigated the long-term impact of cancer and its treatment, using 

information from The Irish Longitudinal Study on Ageing (TILDA).  

7.1.2 Summary of Study Findings 

7.1.2.1 Delphi Study 

Traditionally, the definition of frailty has lacked consensus in geriatric 

medicine, and needless to say, there is even less consensus in 

oncology regarding an appropriate adaptation from our colleagues in 

medical gerontology.  This posed a first challenge in the PhD 

process, and the initial question was therefore how to optimally 

assess older adults with cancer, in order to identify frailty in a clinically 

meaningful manner.  This was addressed in Chapter 3, with a Delphi 

study whose main aim was to establish consensus among a group of 

Irish Oncologists, with guidance from international experts, in relation 

to the optimal GA methodology for oncology clinical practice. 

The underlying premise for this investigation was that the consensus 

achieved, through the input of a national panel, as well as an 

international panel of experts in geriatric oncology, would provide a 
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clinically acceptable assessment template for oncology practice in 

Ireland.  This contribution of a standardized approach to the existing 

literature was an important step towards the clinical investigation of 

GA in oncology. 

This first study of the doctoral thesis used the Delphi method in order 

to achieve its primary aim of achieving consensus.  The Delphi 

method attempts to achieve convergence of opinion among experts 

on a specific topic, over a series of rounds or iterations, using a 

facilitated group approach.  The basic process comprises a number 

of key steps i.e. convening an expert group, discussion and iteration 

with regard to a particular topic, and condensing data from this expert 

body in order to achieve consensus, using various statistical methods 

[275-277].  All of these steps are important in maintaining the 

methodological rigour of the approach [278].  While survey 

methodology defines the current status of events, the Delphi 

technique is used to define “what should be” [279].  It has been used 

extensively in healthcare, in order to set goals, policies or predict 

future events, and is especially useful where the relevant evidence 

base is lacking, as in the current context [280, 281].   

Strengths of the Delphi technique include contribution to participant’s 

knowledge base through the use of multiple rounds, promotion of 

decision-making, and achieving consensus on topics where little 

empirical evidence exists [298, 309]. It is an inexpensive way to share 

knowledge from various experts and stakeholders, from various 

countries, for whom face-to-face meetings would not be possible 

[298] It is for these reasons that the Delphi technique was used in 

this study.  

Four Delphi rounds were undertaken, as it was envisaged that 

consensus would be difficult to achieve, due to the multidisciplinary 
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nature of the group, and the novel nature of GA in oncology for some 

participants (i.e. the Irish panel).  The Delphi study achieved a 

reasonably low level of attrition throughout four rounds, perhaps 

highlighting the importance that participants felt would emerge from 

the process, and a growing interest in geriatric oncology. The 

panelists in this study clearly identified the criteria that should be 

included in a clinical geriatric oncology programme.  Patient 

stratification and essential assessments and interventions to be 

included were identified through expert consensus.   

Consensus was reached on all GA assessments and interventions 

considered to be important, apart from polypharmacy assessment, 

with significant agreement achieved, and no individual differences 

between the professional subgroups. Consensus was not reached on 

the use of a shorter screening tool that would identify those patients 

from an oncology clinical practice who could potentially benefit from 

GA, versus those who would not.   This minimum dataset was further 

investigated in Chapter 4, via a pilot study in radiation oncology.  It 

was anticipated that having a consensus-driven approach to 

implementation of geriatric oncology in Ireland, where no such model 

already existed, with inclusion of all of the relevant stakeholders from 

oncology and geriatric medicine, would aid in the implementation of 

this major change in practice.  This was one of the first attempts in 

the literature to standardise the approach to frailty assessment, to our 

knowledge, and the approach was replicated in a subsequent US 

study [346].  Both studies were important research outputs from this 

doctoral thesis. 

7.1.2.2 Pilot Geriatric Oncology Study 

The acronym for this pilot study was Managing the Elderly in 

Radiotherapy using Geriatric AssEssment (MERGE).  It should be 
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highlighted that towards the latter stages of this doctoral research, 

the term “elderly” was outruled as a term to describe older adults, as 

advocated by one of the most prominent journals in ageing research, 

the Journal of the American Geriatric Society or JAGS [579].  This 

recommendation is in keeping with the American Medical Association 

(AMA) style guide, as terms such as elderly “connote discrimination 

and certain negative stereotypes that may undercut research-based 

recommendations for better serving our needs as we age”.  The 

thesis as a whole reflects this recommendation on language, where 

possible. 

Chapter 4 aimed to use the results of the Delphi study to obtain 

preliminary data on the feasibility of implementing GA in clinical 

practice and the prevalence of geriatric impairments in an older 

patient population undergoing radiotherapy treatment in terms of GA-

driven interventions on patient outcomes (acute radiation-induced 

toxicity and treatment compliance).   

For the purpose of this doctoral thesis, the main advantage of the 

pilot study research setting in Saint Luke’s Radiation Oncology 

Network, was that it offered a clinical environment to investigate the 

feasibility and utility of the consensus-driven GA approach.  In 

addition, it allowed the research to be conducted, predominantly in 

radiation oncology, which has been identified as an area that has 

lagged behind in terms of geriatric oncology research to date.  It also 

had the advantage of being situated in a large academic hospital, 

with access to a multidisciplinary team, including geriatric medicine. 

However, as explained in Chapter 4, the research design imposed 

limitations on the study.  First, the recruitment rate was low over the 

designated time period of the study, which precluded the inference of 

causality.  Second, the recruitment strategy used resulted in a 



 

Chapter 7 

 

 

283 

 

heterogeneous, non-random, convenience sample, which does not 

guarantee the external validity of the study findings.  However, it may 

be interpreted as a pilot, that serves to inform the design of future, 

larger studies, as discussed in the future research section below.  

In addition, Medical Research Council (MRC) guidelines on complex 

intervention evaluation advise a phased approach to the 

implementation of complex interventions in medicine [372]. This 

includes feasibility studies (whether the study can be carried out 

effectively) and pilot trials (a scaled down version of the trial), with 

the aim of optimising aspects of study design for consideration during 

a larger scale implementation of in the future. This ensures both 

internal validity in one’s own institution and external validity, with real 

world relevance.  This pilot study could be considered an important 

first step in evaluating how best to incorporate GA into Irish oncology 

clinical practice. 

To our knowledge, this was the first study to attempt to systematically 

investigate the feasibility and acceptability of a randomised controlled 

trial investigating the implementation of GA in radiation oncology.  

The results of this small pilot study did not show a significant impact 

on treatment decisions in radiation oncology. This may reflect a lack 

of experience and familiarity with GA and how to interpret it, as well 

as an obvious gap in the literature as to how it affects radiotherapy 

patient outcomes.  In addition, the study sample included 

predominantly fit and relatively young patients, which undoubtedly 

impacted these results. 

The most significant finding of this pilot study was the number of 

previously unknown issues that were identified by GA, that clinicians 

may not have detected by routine assessment.  These were identified 

and relayed to the medical team in 7 out of 15 patients in the 
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intervention arm.   Inadequate social support and management of 

polypharmacy were the most commonly reported, followed by 

nutritional support, and finally psychological/ cognitive/mobility/falls 

risk/comorbidities. 

7.1.2.3 TILDA Study I 

The aim of this first analysis from The Irish LongituDinal Study on 

Ageing (TILDA) was to investigate to what extent community-dwelling 

older adults with cancer different from their non-cancer community 

dwelling counterparts.  Building on the findings of previous chapters, 

it sought to compare cancer survivors to their non-cancer controls, in 

relation to physical, cognitive, psychological and social health and 

wellbeing, using data from Wave 1 of TILDA.  It also sought to 

investigate the acute and longitudinal impact of a cancer diagnosis 

and treatment on the overall health and wellbeing of older adults with 

cancer living in the community during the diagnostic/treatment phase, 

and the follow-up period, using the pre-diagnostic phase as a 

baseline measure of function. 

Although there is an increased focus on the need for survivorship 

data, research to date has been scant, compared to that of the active 

treatment phase [466, 467].   From a research perspective, there is 

little follow-up information with respect to GA measures and how the 

level of function impacts the everyday lives of patients after a 

diagnosis of cancer.  Longitudinal studies are the perfect resource to 

investigate survivorship care, and to our knowledge, this was the first 

analysis of the TILDA cohort, which adds valuable information to the 

existing body of knowledge that TILDA has produced, much of which 

has had a substantial impact on health policy in Ireland. 
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This study investigated a range of common GA outcomes and their 

impact on those with and without cancer.  A cross-sectional analysis 

of Wave 1 participants, followed by a longitudinal analysis of those 

with a new cancer diagnosis at Waves 2 and 3, both demonstrated a 

significantly higher burden of comorbidity and polypharmacy in those 

diagnosed with cancer, compared to non-cancer controls. In addition, 

in Wave 1, a greater proportion of participants diagnosed with cancer 

experienced a fall in the previous year.  Multimorbidity is significant 

in terms of treatment decisions, as patients with cancer and 

significant comorbidity are known to have poorer overall survival  [26, 

502].  They also have greater needs in relation to healthcare, and 

there may also be a link between multimorbidity and (chemotherapy) 

treatment toxicity [503], as well as treatment incompletion [504]. 

Polypharmacy and multimorbidity are inherently linked, and in recent 

times, both the incidence and prevalence of polypharmacy have been 

increasing steadily in both the general population [490],  and 

especially in those diagnosed with cancer [491].  There is a fourfold 

increased risk of frailty (measured by Fried criteria) in older (>70 

years) adults, who report polypharmacy, defined as five or more 

medications [491].  To date, there have been few studies on the 

prevalence of polypharmacy and multimorbidity in the Irish oncology 

population.  This is something that will become even more pressing 

in the coming years, due to the increasingly older population 

presenting for cancer treatment.  One of the few studies from an Irish 

perspective, by Lavan et al [507], in a study of 350 patients with 

cancer, aged 70 years and older, in an Irish oncology centre, found 

that approximately 20% of hospital admissions in oncology were 

related to adverse drug reactions.  The majority of these were found 

to be predictable, and more than 60% were preventable.  This makes 

a convincing case for medication review as part of a CGA in 

oncology.  Identification of previously unknown deficits is one of the 
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major advantages of a CGA, allowing some intervention in order to 

optimise patient care. 

These results contrast with a similar analysis from Waves 1-6 of the 

English Longitudinal Study of Ageing (ELSA), that found poorer 

health outcomes in a cancer cohort (n=444;mean age 67) with regard 

to self-rated health, QoL and life satisfaction, as well as a higher 

incidence of depression, mobility problems and limitations with ADLs 

[127]. All of the studied outcomes became gradually worse over time, 

with the exception of depression.  It should be noted however, that 

the study cohort used in the latter ELSA analysis was older, with a 

mean age of 71.4, versus 65.7 in the TILDA study.  Even though the 

findings of this TILDA analysis were not significant for some domains 

related to physical and psychological health, variations in functional 

status [580, 581] and cognition [582, 583] are prevalent with 

advancing age, and represent competing causes of mortality in the 

face of a cancer diagnosis.  The TILDA group was relatively young, 

and this first analysis serves as important baseline data to evaluate 

health and wellbeing over time. 

A limitation imposed by the research was that the analysis was 

retrospective, therefore some measures from the Delphi consensus 

study could not be directly extrapolated from TILDA.  However, other 

well validated measures were used instead (see Table 5.1 Chapter 

5).  Polypharmacy is a risk factor for frailty.   

A further limitation to the longitudinal analysis in this study is, as is 

common to all longitudinal studies, attrition. Attrition can bias results 

as the frailest and oldest members of the population are less likely to 

be included in follow-up, leading to an unrepresentative sample.  As 

demonstrated in Chapter 5, the longitudinal sample excluded those 

with poorer prognosis cancers, as a result of the time period under 
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investigation, spanning six years. The sample was already relatively 

young at baseline and thus attrition rates signified a further reduction 

in older adults.   However, the use of attrition weights partially 

compensated for this attrition. 

7.1.2.4 TILDA Study II 

The aim of the final TILDA study (Chapter 6) was to investigate to 

what extent older adults with cancer in the community differ from their 

non-cancer community dwelling counterparts in relation to frailty.  

Frailty was characterised using three commonly used indices, using 

the TILDA data, and the prevalence of each type compared.  For 

cross-sectional analysis, prevalence of frailty at Wave 1 was 

investigated, and compared to those without a cancer diagnosis. 

A separate longitudinal analysis was also conducted to ascertain the 

frailty status of those who had reported a cancer diagnosis in Wave 

1. 

A phenotype of frailty was defined, as closely as possible, to the 

definition provided by Fried and colleagues [63].  A deficit 

accumulation frailty index (FI) was compiled [66], as described by 

Theou et al [68] and previous studies [469, 553].  Finally, five 

indicators, based on self-reported measures from TILDA CAPI 

questionnaire data, were used to construct the Morley FRAIL scale 

[532].  Comparing all three measures of frailty, the prevalence of 

frailty criteria was higher in the cancer arm, compared to the control 

arm, for all participants and all ages combined.  Similar to previous 

studies of older adults, the cumulative deficits approach provided a 

higher estimate of frailty, compared to the phenotype model.  The 

highest prevalence of frailty was provided by the FI approach 23.44% 

versus 13.98% in the cancer versus control group.  The lowest overall 
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prevalence of frailty was provided by Morley criteria.  A cancer 

diagnosis resulted in a greater risk of developing frailty when using 

the cumulative deficits and Morley approaches.   

There are a number of other limitations to this work which must be 

highlighted.  It was not possible to derive a comparable frailty 

measure in Waves 2 or 4 for comparison purposes, due to the lack 

of a health assessment in this wave, Therefore the longitudinal 

component of this analysis was small. 

7.2 Implications for Policy and Practice 

In considering the results of this thesis, it must be noted that the 

observed effects were small for some measures, perhaps due to the 

considerable differences between the cancer group and the control 

group for the TILDA analyses. 

Although these changes are small, however, some results were over 

a short follow-up period of two years after a diagnosis of cancer, and 

it is of interest that there is any such difference in a community 

dwelling sample of relatively young older adults. It will, of course, be 

necessary to follow these participants in future waves to determine 

whether various aspects of frailty becomes progressively worse, and 

how it impacts the QoL of TILDA participants as they age.  

SIOG and National Comprehensive Cancer Network (NCCN) 

guidelines for older adults advocate the use of CGA is vital in “staging 

the ageing” i.e. assessing physiologic and functional capacity, which 

in turn has implications for being able to predict treatment tolerance 

and toxicity[170-173].  The potential benefits in oncology are many, 

and include the identification of geriatric impairments, even in those 

with a good performance status [136, 174].  CGA can also predict 
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toxicity associated with chemotherapy in older adults [175] , as well 

as mortality [176] and postoperative morbidity [177, 178]  Reasons 

put forward to date for a lack of integration of CGA into oncology have 

argued that it is too time consuming .  However, it could be argued 

that those against the use of CGA,  citing excessive time 

consumption and resource implications, have low credibility in a 

healthcare setting where there are vast amounts of expenditure on 

high technology for imaging and treatment [179].  CGA by 

comparison is relatively low cost, as Hamaker et al [179] have 

highlighted.  The cost of CGA, estimated as a nurse’s salary for one 

hour ($28), is small compared to the cost of dealing with toxicity and 

treatment complications, and subsequent unplanned 

hospitalisations.  It is also a fraction of the cost of other diagnostic 

procedures e.g. diagnostic images and genomic testing, commonly 

used in oncology. 

When independence is not maintained and poor outcomes occur, 

patients require hospital care. Troubleshooting these issues before 

they arise by using CGA as part of the diagnostic work-up to 

determine the most appropriate treatment can prevent reliance on 

hospital resources in the long-term. Frail patients are more likely to 

have poor outcomes following surgery, chemotherapy and 

radiotherapy [62]. In an outpatient setting, CGA-based care has 

resulted in fewer hospitalisation days and enhanced survival in 

patients with no associated increase in cost [180].  This not only 

benefits the patient, but also the health care system as a whole. 

To implement CGA into clinical practice, there are educational 

requirements in the medical, nursing and allied health curricula that 

need to be addressed.  Studies have highlighted there is an unmet 

need in this regard [41, 238]. In order to address this, efforts to devise 

a core curriculum in geriatric oncology have been undertaken by 
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several societies. ASCO [192] and the European Society of Medical 

Oncology (ESMO) [239] have both developed recommendations for 

geriatric oncology as a part of their global curricula. Likewise, the 

European Oncology Nursing Society (EONS) has also published 

recommendations for a core curriculum for geriatric oncology for the 

nursing profession [240].  Similar efforts are underway in radiation 

oncology [241].  SIOG have developed the Treviso Advanced 

Geriatric Oncology course [242] in order to enhance education and 

clinical practice for both the geriatrics and oncology disciplines . 

Initiatives such as these are vital to address the existing knowledge 

gap.  

A recent report from the National Cancer Control Programme 

(NCCP) has highlighted the survivorship needs of those living with 

and beyond cancer in Ireland [575].  Cancer survivors comprised 4% 

of the Irish population in 2016, and greater recognition of the physical 

and psychological consequence of a cancer diagnosis were 

highlighted as key priorities from this report.  Most follow-up care is 

currently delivered in hospitals, and it was suggested that this be 

reviewed so that a model of more integrated care may be provided.  

This is especially important in the context of longitudinal assessment 

and management of frailty.   It was also stressed that meeting the 

needs of cancer survivors would require more detailed information 

from research in the post-treatment phase.  Longitudinal studies, 

such as TILDA are useful resources to help fill this important gap.  

Although the overall numbers with a cancer diagnosis in TILDA are 

small, they are indicative of areas of clinical priority.   

To that end, and as recommended by national policy, implementation 

of GA in oncology should be prioritised.  This should not only be 

limited to the treatment phase, but continue through to survivorship 
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care to provide more robust evidence for the specific concerns of 

older adults with cancer. 

 

7.3 Recommendations for Future Research 

Throughout the period of this doctoral thesis (2012-2019), there have 

been parallel developments in the field of geriatric oncology that have 

been greatly encouraging.   

Based on some of the limitations encountered throughout this 

research, some themes for future research are outlined below: 

The pilot study findings of identified deficits from GA, as well as the 

first TILDA study requires further exploration, under more controlled 

conditions of time and setting, as well as in more homogeneous 

cancer groups.  In particular, the role of CGA-driven interventions in 

enhancing patient care in radiation oncology is a key priority.  

Inclusion of more vulnerable and frail patients will also help to 

elucidate this area. 

The TILDA study findings of increased polypharmacy in those with a 

diagnosis of cancer requires further exploration.  As polypharmacy is 

a risk factor for falls, which were also elevated in Wave 1 in the 

cancer group, falls risk assessment and a review of medications 

should become part of the ongoing assessment of those diagnosed 

with cancer.  

The development of evidence-based guidelines is important to 

facilitate clinical practice improvements regardless of the resource 

setting in which they are applied.  As geriatric oncology is 
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underdeveloped in Ireland at the moment, this is a research priority 

for Irish institutions and funding organisations. Guidelines should 

recognize that care of older adults is multidisciplinary, and that 

attention to age-related concerns forms an integral part of oncology 

clinical practice.  

These guidelines, and the evidence to underpin them, should cover 

the whole spectrum of care: GA assessment and interventions to 

inform treatment decisions, toxicity prevention, approach to specific 

disease types, pre- and re-habilitation, through to survivorship care.  

While the majority of analyses in this doctoral thesis comprised a 

heterogeneous cancer group, future studies should aim to investigate 

specific disease subtypes and develop appropriate age-related 

guidelines.  More research in radiation oncology in particular is a key 

priority. 

Further to the aforementioned recommendations to develop evidence 

to improve care, there is a great need to develop novel trial designs 

in geriatric oncology research, and to make current research more 

relevant to older adults. Although survival is recognised as the most 

valuable outcome of any clinical trial, it may not be the most valued 

outcome for older adults with cancer [181], who have been shown to 

place greater importance on their functional and cognitive health.  A 

workshop held by the European Organisation for Research and 

Treatment of Cancer (EORTC) in 2011 [28] explored methods of 

improving clinical design and suggested looking at alternative 

endpoints, such as QoL, toxicity and functional independence. These 

endpoints need to be incorporated into future research. Selection of 

more appropriate endpoints is important in “geriatricizing” trial design 

[31-33].  This has been highlighted by Nipp et al [34], who described 

the need for pragmatic clinical trials for older adults with cancer.  

Whereas RCTs reflect patient outcomes under ideal conditions, there 
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is a large unmet need to investigate older patient outcomes under 

more realistic conditions i.e. varying degrees of fitness and frailty. 

Incorporating some form of frailty assessment is essential in better 

quantifying outcomes for older adults with cancer. 

As determined in the initial stages of this PhD, reaching a consensus 

on a minimum dataset for GA in oncology is important, but remains 

elusive, in order to enhance the interpretation of existing research.   

7.4 Conclusions  

The overall aim of this thesis was to measure geriatric deficits and 

frailty in an Irish (hospital and community) population with cancer and 

to study feasibility of geriatric assessment  in a radiation oncology 

clinic.  In order to achieve that aim, four individual studies were 

conducted. 

The first Delphi study provided a valuable framework for a 

consensus-based development of geriatric assessments and 

interventions for oncology which formed the basis for this PhD 

research. In the absence of evidence-based guidelines in the initial 

stages, this Delphi expert consensus on geriatric oncology design 

and implementation provided a useful template for clinicians 

regarding multidimensional assessment of older patients with cancer, 

although more data are needed to clarify the clinical efficacy of this 

approach.  This Delphi study helped to inform the future development 

and implementation of a pilot geriatric oncology programme in 

Ireland, the first such programme in Ireland.    

The pilot study did not have a significant effect on clinical practice 

and decision making in oncology.  However, it highlighted a number 

of issues in relation to feasibility and recommendations to be made 
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going forward to a more extensive study.  This is important 

groundwork for future research which should aim to investigate the 

impact of GA under more controlled conditions, and in better refined, 

and older patient populations. 

The first TILDA longitudinal analyses spanning pre- and post-cancer 

diagnosis, suggested that cancer survivors bear a greater burden of 

multimorbidity, compared to their counterparts without a cancer 

diagnosis.  The prevalence of polypharmacy and falls was also 

higher.   This has implications for oncology clinical practice, as these 

deficits are known to be associated with greater healthcare utilisation 

and adverse outcomes for older adults.  These findings support the 

recommendation for implementation of GA in oncology, not only 

during the treatment phase, but during follow-up care. 

Finally, in the second TILDA study, a secondary analysis of a large 

nationwide study of frailty in cancer patients, it was determined that 

patients with cancer had higher frailty scores compared with 

noncancer controls.  Given that frailty is a known risk factor for 

patients with cancer, and older patients in particular, consideration of 

this aging-related phenotype needs to be considered by all 

healthcare practitioners treating patients with cancer. Interventions 

are needed to minimize the progression of frailty and to possibly 

reverse onset of premature frailty.  

Collectively, these data have the potential to inform treatment 

decision making and survivorship care planning for older adults with 

cancer, bearing in mind the aforementioned caveats in relation to the 

limitations encountered during this doctoral thesis, and 

recommendations for future work.
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1 in every 2 smokers will die of a tobacco related disease. Can you live with 
that? QUIT. We can help - visit quit.ie, call 1850 201 203, join us 
on www.facebook.com/HSEquit 
----------------------------------------------------------------------- 
Information in this email (including attachments) is confidential.  It is intended 
for receipt and consideration only by the intended recipient. 
If you are not an addressee or intended recipient, any use, 
dissemination, distribution, disclosure, publication or copying of information 
contained in this email is strictly prohibited.  Opinions expressed in this email 
may be personal to the author and are not necessarily the opinions of the St 
Luke's Hospital. 
If this email has been received by you in error we would be grateful if 
you could immediately notify the ICT Department by telephone at +353 1 245-
3551 or by email to ict@slh.ie and thereafter delete this e-mail from your 
system. 
 
 
 

http://www.facebook.com/HSEquit
mailto:ict@slh.ie
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Appendix 13:  Summary Assessment Template Sent to Radiation  Oncologists 
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Appendix 15b:  Participant Information Leaflet (Radiation Oncologist)  
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Appendix 16a: Consent Form (Patient)  
 

 



 
Appendix 16

 
 
 

 

Appendix 16b: Consent Form (Radiation Oncologist) 
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Appendix 18: SLRON Ethical Approval MERGE Study 
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Appendix 19:  QIC Table for GEE analysis and correlation matrix selection in Chapter 5 
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Appendix 20:  Generalised Estimating Equations Methodology 
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Interpretation of Tables 5.6 and 5.7 
 
Logit link:  
The odds ratio of reporting a positive/worse outcome at follow-up vs 
baseline in the cancer group is exp(estimate) times the odds ratio of 
having an event at follow-up vs baseline in the control group. 
Exp(estimate) = (odds follow-up cancer group/odds baseline cancer 
group)/(odds follow-up group/odds baseline control group). For 
covariates, interpretation is similar, comparing the listed category with 
reference category (sex, education) or the effect of one unit increase in 
age.  
 
Log link:  
Ratio of expected number of positive items and number of chronic 
conditions respectively at follow-up vs baseline in the cancer group is 
exp(estimate) times the same ratio in the control group. Exp(estimate) = 
(average number follow-up cancer group/average number baseline 
cancer group)/ (average number follow-up control group/average number 
baseline control group). For covariates, interpretation is similar, 
comparing the listed category with reference category (sex, education) or 
the effect of one unit increase in age 
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Appendix 21: Benjamini-Hochberg False Discovery Rate Calculations 
(Chapter 5) 
     
false discovery rate 0.25    
     
     

Variables  
↓ P-values 

↓ Rank 

Benjamini-
Hochberg 

significance 
Benjamini-
Hochberg P-value 

T0 polyph 0.001 1 significant 0.003676471 
wave 1 chronic 0.001 1 significant 0.003676471 

wave 1 age 0.001 1 significant 0.003676471 
wave1 polyph 0.001 1 significant 0.003676471 

long age 0.001 1 significant 0.003676471 
Multiv GEE ADL 0.001 1 significant 0.003676471 

Multiv GEE IADL 0.001 1 significant 0.003676471 
Multiv GEE TUG 0.001 1 significant 0.003676471 
Multiv GEE falls 0.001 1 significant 0.003676471 

Multiv GEE chronic 0.001 1 significant 0.003676471 
Multiv GEE social  0.001 1 significant 0.003676471 

Multiv GEE polyph 0.001 1 significant 0.003676471 
Multiv GEE 
depression 0.001 1 significant 0.003676471 

Multiv GEE cognition 0.001 1 significant 0.003676471 
Multiv GEE  QoL 0.001 1 significant 0.003676471 
Univ GEE polyph 0.002 2 significant 0.007352941 

long sex 0.003 3 significant 0.011029412 
wave 1 falls 0.005 4 significant 0.014705882 
wave 1 sex 0.02 5 not significant 0.018382353 

Univ GEE chronic 0.02 5 not significant 0.018382353 
wave 1 ADL 0.03 6 not significant 0.022058824 

T2  QoL 0.03 6 not significant 0.022058824 
T0 falls 0.07 7 not significant 0.025735294 

wave 1 QoL 0.08 8 not significant 0.029411765 
T1 chronic 0.08 8 not significant 0.029411765 

T0 cognition 0.09 9 not significant 0.033088235 
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wave 1 IADL 0.1 10 not significant 0.036764706 
T2 chronic 0.1 10 not significant 0.036764706 

T0 IADL 0.12 11 not significant 0.040441176 
wave 1 marital status 0.13 12 not significant 0.044117647 

T1 cognition 0.14 13 not significant 0.047794118 
T2 IADL 0.14 13 not significant 0.047794118 
T1 TUG 0.15 14 not significant 0.051470588 

T2 social  0.16 15 not significant 0.055147059 
T2 depression 0.19 16 not significant 0.058823529 
T0 depression 0.2 17 not significant 0.0625 

T1 falls 0.23 18 not significant 0.066176471 
T1 polyph 0.24 19 not significant 0.069852941 

long education 0.27 20 not significant 0.073529412 
T2 polyph 0.27 20 not significant 0.073529412 

T2 ADL 0.28 21 not significant 0.077205882 
T0 TUG 0.29 22 not significant 0.080882353 

Univ GEE social  0.29 22 not significant 0.080882353 
T1 ADL 0.31 23 not significant 0.084558824 

T1 social  0.34 24 not significant 0.088235294 
Univ GEE 

depression 0.35 25 not significant 0.091911765 
wave 1 cognition 0.36 26 not significant 0.095588235 
Univ GEE IADL 0.4 27 not significant 0.099264706 

T2 cognition 0.42 28 not significant 0.102941176 
Univ GEE cognition 0.43 29 not significant 0.106617647 

T0 chronic 0.44 30 not significant 0.110294118 
T0  QoL 0.44 30 not significant 0.110294118 

wave 1 social  0.45 31 not significant 0.113970588 
Univ GEE  QoL 0.48 32 not significant 0.117647059 

wave 1 TUG 0.53 33 not significant 0.121323529 
T2 TUG 0.53 33 not significant 0.121323529 

long marital status 0.58 34 not significant 0.125 
Univ GEE TUG 0.61 35 not significant 0.128676471 

wave 1 education 0.62 36 not significant 0.132352941 
T0 social  0.65 37 not significant 0.136029412 

Univ GEE ADL 0.66 38 not significant 0.139705882 
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T1 IADL 0.68 39 not significant 0.143382353 
T1  QoL 0.69 40 not significant 0.147058824 

wave 1 depression 0.71 41 not significant 0.150735294 
T2 falls 0.72 42 not significant 0.154411765 

T1 depression 0.83 43 not significant 0.158088235 
Univ GEE falls 0.9 44 not significant 0.161764706 

T0 ADL 0.96 45 not significant 0.165441176 
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Appendix 22: Benjamini-Hochberg False Discovery Rate Calculations 
(Chapter 6) 
 

     
false discovery rate 0.25    

Variables 
↓ P-

values  Rank 
Benjamini-Hochberg 

significance 
Benjamini-
Hochberg P-value 

cs age 0.001 1 significant 0.009259259 

Frwghtloss 0.001 1 significant 0.009259259 

Frslowtug 0.001 1 significant 0.009259259 

FI 0.001 1 significant 0.009259259 

Morley Resist 0.001 1 significant 0.009259259 

Morley ambulation 0.001 1 significant 0.009259259 

Morley weight loss 0.001 1 significant 0.009259259 

Morley FRAIL scale 0.001 1 significant 0.009259259 

CS Regression FI 0.001 1 significant 0.009259259 

CS Regression Morley 0.001 1 significant 0.009259259 

Long age 0.001 1 significant 0.009259259 

long regression Fried  0.001 1 significant 0.009259259 

long regression FI 0.001 1 significant 0.009259259 
long regression 

Morley 0.001 1 significant 0.009259259 

Fried  0.005 2 significant 0.018518519 

Morley illness 0.005 2 significant 0.018518519 

Frlowact 0.018 3 significant 0.027777778 

cs sex 0.02 4 significant 0.037037037 

Long sex 0.03 5 significant 0.046296296 

CS Regression Fried  0.05 6 significant 0.055555556 

Frlowgrip 0.08 7 not significant 0.064814815 

cs marital status 0.13 8 not significant 0.074074074 

Long edu 0.36 9 not significant 0.083333333 

Morley fatigue 0.52 10 not significant 0.092592593 

Long marital status 0.6 11 not significant 0.101851852 

cs education 0.62 12 not significant 0.111111111 

Frexhaust 0.76 13 not significant 0.12037037 
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Appendix 23:  Prevalence of frailty for those aged >65 and <65 
Operationalisation Group Cancer group  

 
proportion % [95% 
CI] 

Control group 
 
proportion % [95% 
CI] 
 

Difference 
between both 
groups  
(p value) 

Fried Prefrail 
 
Frail 

44.46 [36.92,52.27] 
 

10.21 [6.30,16.12] 

43.86 [41.50,46.25] 
 

8.63 [7.26,10.22] 

0.75 

Frailty Index  Prefrail 
 
Frail 

41.06 [35.28,47.11] 
 

32.95 [27.32,39.11)  

37.19 [35.45,38.97] 
 

23.58 [22.01,25.22] 

<0.001** 

Morley Prefrail 
 
Frail 

32.99 [27.44,39.07] 
 

7.83 [4.99,12.09] 

27.49 [25.86,29.19] 
 

4.49 [3.76,5.38] 

0.006 
 

 
Prevalence of frailty for all three measures and participants aged >65 (adjusted for age, sex and education) 
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Operationalisation Group Cancer group  
proportion % [95% 
CI] 

Control group 
proportion % [95% 
CI] 

Difference 
between both 
groups  
(p value) 

Fried Prefrail 
 
Frail 

34.61 [27.07,43.00] 
 
2.72 [1.00,7.17] 

 26.90 [25.32,28.55] 
 
1.98 [1.52,2.58] 

0.09 

Frailty Index  Prefrail 
 
Frail 

28.49 [22.71,35.07] 
 
11.71 [7.95,16.91] 

23.92 [22.64,25.24] 
 
7.38 [6.61,8.22] 

0.01 

Morley Prefrail 
 
Frail 

26.18 [20.55,32.71] 
 
4.75[2.47,8.95] 

17.90 [16.76,19.10] 
 
2.05[1.64,2.54] 

0.0003 

 
Prevalence of frailty for all three measures and participants aged<65 (adjusted for age, sex and education


