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A B S T R A C T 

Introduction 

 

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 [1].  

Approximately 50% of these patients will require radiotherapy as part of 

their disease management [2].  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 [3]. 

 

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 irradiation due to the risk of 

neurologic sequelae, including dementia [4, 5].  Also, there is an 
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increased risk of mucositis in older patients, especially evident when 

treating cancers of the head and neck region [6].  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 [7] . Overall, radiotherapy appears to be well 

tolerated in older adults, however  Geriatric assessment (GA) has the 

potential to influence treatment decisions in older patients with cancer  

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 [8-15].  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 [16]. A total of twelve non-randomised studies 

were included in the aforementioned systematic review by Szumacher et 

al. 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. 

 

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 [16].  The number of studies (RCTs) investigating GA-

driven interventions in oncology generally, is small (n=9), with only one 

study of radiation oncology by Lapid et al. from 2007 [17, 18].  The 

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

cancer, planned to undergo radiation therapy, investigated a quality of 

life (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., 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 [19].  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, would be of little 

relevance in this particular patient cohort [20].  Spyropoulou et al., in a 

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

with higher Vulnerable Elders Survey-13 (VES-13) scores were less 

likely to complete radiotherapy, independent of other factors that might 

affect radiotherapy completion [21, 22].  VES-13 is largely based on 

functional status, an integral part of CGA.  Keenan et al. did not find any 

correlation between the Edmonton frailty score and radiotherapy 

toxicity. Neve et al., 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 [23-25]. 

\ 

A further study 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, 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 

[31]. 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, 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 

[8]. 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, the previous standard of 

care for such patients [26, 27]. 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 [28]. Accelerated Partial Breast Irradiation (APBI) is 

another option to simultaneously limit toxicity and afford greater 

convenience for the patient [29]. APBI uses larger radiation doses to the 

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

period of time. 

 

Guidelines on best practice from the International Society of Geriatric 

Oncology (SIOG), the National Comprehensive Cancer Network 

(NCCN) and European Organisation for Research and Treatment of 

Cancer (EORTC) have recommended GA be integrated into the care of 

older adults with cancer, for optimal patient management [30-32]. 

However, there remain many unanswered questions as to its efficacy and 
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predictive power, sufficient to translate to incorporation of geriatric 

medicine principles in many centres [33, 34]. 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, as 

well as biological factors that change with age [35-37]. Many authors 

have advocated for more focussed research efforts and older-specific 

trial endpoints in order to “geriatricise” trial design [38, 39]. 

 

Medical Research Council (MRC) guidelines on complex intervention 

evaluation, advise a phased approach to the implementation of complex 

interventions in medicine [40]. 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 validity also 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 [41]. 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 research [42]. This provides the basis 

and rationale for the current study, 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 [24, 43]. 

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 aims and results are thus 

presented in two sections.  Part 1 will focus on feasibility, while Part 2 

will focus on patient outcomes. 

 

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. 

 

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). 

 

 

Materials and Methods 

 

A two-arm, randomised, controlled trial was chosen. The two treatment 

arms were as follows: 

 

I 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.  

 

II 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.   

 

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 treated approximately 

1,400 patients each year during that period, of which 32% were aged 70 

and older.  The majority of cases were outpatients, however there are 

some inpatient facilities also.  There was no dedicated geriatrician 

provided for oncology, however referral pathways exist if required, and 

were defined as part of the preparatory work for this study.   

 

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.  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).  Recruitment occurred, on a part-time basis, between August 

2014 and September 2015.  

 

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 [44, 

45].  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 follow-up/remedial care.  
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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.  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 [46]. The patient’s consultant reviewed the summary of the 

findings and the interventions that were recommended, and agreements 

were made on the necessary referrals. 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. 

 

In keeping with pilot and feasibility study methodology, no formal 

sample size calculation was performed, as the objectives related to 

recruitment, retention, feasibility and acceptability of the trial [45, 47].   

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 for feasibility studies in the published 

literature, with recommendations of at least 12 participants per arm [47, 

48]. 

 

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 [49].  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. 

 

As described previously, the methodological basis for the current pilot 

study was based on the results of a prior consensus process, please see 

Table 1 for a brief summary. 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. 

 

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 2) below for a full list of assessments used, 

including threshold values signifying impairment.  

 

III Outcome Measures 

 

i 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. 

Table 1: Summary of GA. 

DOMAIN ASSESSMEN

T TOOL  

DOMAIN ASSESSMEN

T TOOL 

Functional 

status  

ECOG 

ADL*  

IADL* 

Falls history* 

Social support Patient 

history/caregi

ver interview* 

Objective 

physical      

performance  

TUG Polypharmacy Number of 

total 

medications* 

Comorbidity Charlson 

Comorbidity 

Index (age-

adjusted) 

Psychological 

status 

GDS* 

Patient 

history/intervi

ew 

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 

 

ii Treatment Tolerance and Compliance 

 

Treatment tolerance and compliance were defined as follows: 

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  

 

IV 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.  Recommendations were made 

based on previous research, which represents consensus on best 

supportive care for each GA deficit, as well as the patient’s own unique 

circumstances [42, 46]. 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 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 
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was completed for each individual patient in the treatment arm (n=15).  

In total, four ROs participated in this study. 

 

Table 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 

 

V Toxicity 

 

Toxicity was assessed using the Common Terminology Criteria for 

Adverse Events (CTCAE) version 4.03, as this was the toxicity grading 

system employed in the participating radiotherapy department [50]. 

 

VI 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.  Normality tests were conducted using the Shapiro-Wilk test, 

recommended for small sample sizes [51].  The student's t test (metric 

data) was used to analyse differences between baseline and follow-up 

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. 

 

VII Ethical Considerations  

 

This study was conducted in accordance with the ethical principles 

derived from the Declaration of Helsinki [52]. 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. 

 

Results 

 

I Part 1 Results Feasibility 

 

i 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 3. The median age 

(range) was 73 (70-89) and the majority (77%) were male and had a 

diagnosis of prostate cancer (63%).  

 

ii Feasibility 

 

Self-completion was possible (for items identified with an asterix on 

(Table 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 study 
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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. 

 

Table 3:  Patient characteristics. 

Characteristics Control arm  Intervention 

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 

 

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) 

Concurrent 

chemo-radiation 

(CRT) 

Neo-adjuvant 

CRT 

Radiotherapy 

and Androgen 

Deprivation 

Therapy (ADT) 

Note: Listed as proportions n(%), apart from age 

 

The majority of participants were educated to primary level (63%) only 

and in receipt of radiotherapy alone, or in combination with ADT 

(Androgen Deprivation Therapy - 80% in total).  Six patients were 

commenced on chemoradiation, two of these in the neo-adjuvant setting. 

 

 II Part 2: 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 1) below for study schema. 

 

GA: Patient Outcomes 

 

I 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 (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%). 

 

Patients were classified by their G8 scores (Table 4 (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, and only 

24% (n=7) as vulnerable or frail on the CFS [53].  

 

II Three Month Follow-up GA 

 

GA outcomes at three month follow-up were not significantly different 

from baseline, as seen in (Table 4). 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. 
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Figure 1: Study schema. 

Table 4: GA outcomes at baseline and follow up (a) GA domains (b) screening tools and frailty criteria. 

(a) 

Domain Baseline (n=30) 3m Follow-up (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 11.24 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 
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(b) 

Domain Baseline (n=30) 3m Follow-up (n=29 SCQ, 

25 All) 

Difference Between 

Baseline and 3m 

Follow-up (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 15.06 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  

 

III 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 further patient with 

prostate cancer experienced a delay commencing radiotherapy due to his 

wife’s bereavement.  Another 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 fracture) between CT planning and the start of 

radiotherapy, however this did not incur any delay in starting RT. 

 

IV 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. 

 

 RO Outcomes 

 

I 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. 

 

II 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, 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 5). 

 

III 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 
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(one of whom had been lost to follow-up 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. 

 

Table 5: Factors affecting treatment decisions. 

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) 

 

IV 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. 

 

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, and little is known 

about the impact of GA on the radiotherapy decision making process and 

patient outcomes [9, 10, 12, 16].  

 

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

adults are under-represented in oncology clinical trials, despite the 

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

cases [54-57].  A greater focus on phased introduction of trials, in 

keeping with MRC guidelines 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 

[39, 58-60].  This has recently been highlighted by Nipp et al., who 

described the need for “pragmatic” clinical trials for older adults with 

cancer [61].  There is a large unmet need to investigate older patients’ 

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 [62].    

 

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. With regard to patient 

related factors in trial recruitment, Hempenius et al., 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 [63].  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 information 

provision, which is an important consideration.  Another possibility is 

that the study information was not provided by 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.  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 [64].  Furthermore, a similarly designed Phase II study, by Puts et 

al. has demonstrated the ability to recruit 60 patients over a one-year 

period, for a similar trial protocol [65].  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 [66, 

67]. 

 

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  by age is an additional measure that aids equal 

distribution of patients between the control and intervention arms of 

randomised controlled trials [31, 68].   
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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 follow-up 

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 

[69].  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, 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 [43].   

 

GA has been shown to impact treatment decisions in cancer care, with 

variations in the literature extending from 20% to 49% impact [70]. 

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. and Decoster et al.  modifications 

were mainly chemotherapy related and where no GA was carried out, 

radiotherapy decisions were only altered in 0.4% of cases [9, 10].  Caillet 

et al. also reported similar results, with the most common change in 

treatment decision being a switch from chemotherapy to supportive care 

[11]. Studies similarly suggest that the impact of GA may be limited to 

patients undergoing more toxic treatments, such as chemotherapy and 

targeted therapy [9, 71].  

 

Neve et al., 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 [24].  On a larger scale, Pignon et 

al. 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 [72]. 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 [73].  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 [74, 75]. 

 

Spyropoulou et al., 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 [21].  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. 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  

means that most centres must attempt to integrate GA, using existing 

resources and expertise [76].  Timing is also important. Horgan et al. 

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 [12].  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% 

[70].  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, including cancer survival  and 

is closely related to quality of life [77-81].  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.   

 

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 [82]. It is widely recognised that polypharmacy is 

common in patients with cancer, 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 [83-85]. Polypharmacy is also linked to increased risk of falls, which 

is another outcome that has significant implications for older patients 

[86]. Most oncology departments do not employ routine screening for 

falls risk.  Screening for falls is recommended for all older adults with 

cancer, as research suggests that falls have a negative impact on quality 

of life, due to traumatic injury, subsequent fear of falling, and increased 

dependence [87]. Screening for and correcting reversible risk factors, in 

combination with falls prevention education, are considered essential in 

reducing falls. 

 

A further 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 follow-up 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.  
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Undiagnosed dementia is very prevalent in the published literature in the 

acute hospital setting, ranging from 20% to 50%, and is expected to 

increase in the coming decades [88-90]. Early diagnosis of cognitive 

impairment is important in order to implement earlier treatment and 

effective management [91]. However, oncologists often feel unable to 

manage or diagnose cognitive impairment. Therefore, baseline 

measurement of cognition should be included for all older patients at a 

minimum.   

 

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. 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.  

 

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 follow-up 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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