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Abstract

Background

Several screening tools are developed to identify frailty in the increasing number of older
patients with cancer. Edmonton Frail Scale (EFS) performs well in geriatric settings but is
less studied in oncology. We aimed to investigate if EFS score (continuous and categorical)
predicts survival in patients referred for radiotherapy, and to assess the concurrent validity
of EFS compared with a modified geriatric assessment (MGA).

Methods

Prospective observational, single-center study including patients >65 years, referred for
curative or palliative radiotherapy for confirmed cancer. Patients underwent mGA (assess-
ment of cognition, mobility, falls, comorbidity, polypharmacy, depression, nutrition, and
activities of daily living) and screening with EFS prior to radiotherapy. The predictive value
of EFS score of two-year overall survival (OS) was assessed by Kaplan-Meier plots and
compared by log-rank test. Cox proportional hazards regression model was estimated to
adjust the associations for major cancer-related factors. Concurrent validity of EFS in rela-
tion to mMGA was estimated by Spearman’s correlation coefficient and ordinal regression.
Sensitivity and specificity for different cut-offs was assessed.
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Results

Patients’ (n = 301) mean age was 73.6 (SD 6.3) years, 159 (52.8%) were men, 54%
received curative-intent treatment, breast cancer (32%) was the most prevalent diagnosis.
According to EFS>6, 101 (33.7%) were classified as frail. EFS score was predictive of OS
[hazard ratio (HR) 1.20 (95% confidence interval (Cl) 1.10-1.30)], as was increasing sever-
ity assessed by categorical EFS (p<0.001). There was a strong correlation between EFS
score and number of geriatric impairments (Spearman‘s correlation coefficient 0.77). EFS
cut-off >6 had a sensitivity of 0.97 and specificity of 0.57 for identifying patients with mini-
mum two geriatric impairments.

Conclusion

EFS predicts mortality in older patients with cancer receiving radiotherapy, and it is a quick
(<5 minutes) and sensitive screening tool to identify patients who may benefit from a geriat-
ric assessment.

Introduction

Due to demographic changes, global cancer incidence is expected to increase by 47% in the
next couple of decades [1], and more than two-thirds of cases are estimated to occur in older
adults (age >65) [2]. This growing patient group is characterized by large heterogeneity in
comorbidity burden and various degrees of functional decline. Related to this, the concept of
frailty has gained increasing attention the last decades. Frailty is a geriatric syndrome charac-
terized by increased vulnerability to stressors due to age-related declines in multiple organ sys-
tems [3, 4], resulting in increased risk of adverse outcomes across various clinical settings [4,
5]. Although numerous frailty criteria exist and there is no universally accepted definition [6],
frailty is often classified on the basis of a geriatric assessment (GA) [7, 8]. GA is a comprehen-
sive evaluation of health status by validated tools, assessing domains like functional status,
physical performance, comorbidity (somatic, cognitive, mental), nutritional status and social
support [9]. In patients with cancer, GA has a range of well-documented benefits, including
identification of remediable impairments and prediction of survival and adverse events [9, 10].
Furthermore, GA may alter treatment decisions, facilitate shared decision making, improve
patients’ satisfaction, and serve as a basis for targeted interventions and thereby improve out-
comes [11-13].

Based on existing evidence, performing GA in older patients with cancer is thus widely rec-
ommended [9, 10, 14]. Despite this, GA has not been routinely implemented into clinical prac-
tice, and lack of resources in terms of knowledge, time, and trained staff have been recognized
as important barriers [15, 16]. The use of a geriatric screening tool to select patients in need of
a more thorough GA can be a pragmatic approach to this challenge [16-18]. Among several
tools developed, the Geriatric-8 (G8) questionnaire [19] is currently the most frequently used
and best validated in geriatric oncology [18, 20]. The Edmonton Frail Scale (EFS) is another
brief screening tool, originally developed and validated in the geriatric setting [21]. This multi-
domain tool is quick (<5 minutes) with a good inter-rater reliability [21, 22], and in general
surgical populations, frailty according to EFS is predictive of post-operative complications and
longer hospitalization [22, 23]. To date, there is still limited data regarding the role of EFS in
geriatric oncology. To address this issue, we investigate different properties of this tool in a
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cohort of older patients referred for radiotherapy (RT) due to cancer. In a previous publication
based on the same patient cohort, we demonstrated that both specific GA domains and the
number of geriatric impairments predicted overall survival (OS) [24]. In this paper, we specifi-
cally aim to investigate whether the EFS score (continuous and categorical) at baseline is pre-
dictive of two-year OS in this population; secondly, our objective is to assess the concurrent
validity of EFS compared with a modified GA.

Materials and methods
Study design and participants

In this single-center prospective observational study, patients were consecutively recruited
from the Radiotherapy Unit (RTU) at a Norwegian local hospital. Details on study setting,
design and conduct have formerly been presented [24]. Inclusion criteria were age >65 years,
referred for curative or palliative RT due to confirmed cancer (histology or cytology), ability to
fill in questionnaires, and having a residential address in the catchment area (Innlandet
County). Patients who the treating oncologist considered too sick for participation in the
study were excluded. Apart from this, there were no specific exclusion criteria. All baseline reg-
istrations were performed by trained staff (the study nurse or a resident in oncology) prior to
RT and the treating oncologist was blinded to the results of the study assessments. The patients
were observed for survival for up to two years after RT completion, and information about
time of death was retrieved from patients‘hospital records.

Baseline assessments

Cancer diagnosis according to The International Classification of Diseases, Tenth Revision
(ICD-10), stage of disease (I-IV), Eastern Cooperative Oncology Group (ECOG) Performance
Status (PS) and plan for RT (dose, field, curative vs. palliative intent) was registered from hos-
pital records and information from the treating radiation oncologist. Cancer type was grouped
into four categories: breast, prostate, lung, and other cancers, and ECOG PS was dichotomized
to 0-1 vs. 2-4. All patients underwent frailty screening with EFS and a modified GA.
Edmonton Frail Scale. EFS covers nine domains including cognition, general health sta-
tus, functional independence, social support, medication use, nutrition, mood, continence,
and mobility. The score ranges from 0 to 17; higher score indicates higher levels of frailty. In
the analyses, EFS was used both as a continuous and categorical variable. For the latter,
patients were classified according to conventional EFS categories (edmontonfrailscale.org): fit
(score of 0-3), vulnerable (4-5), mild frailty (6-7), moderate frailty (8-9), severe frailty (>10).
Modified geriatric assessment. As the GA was performed by either a project nurse or a
resident in oncology, not an interdisciplinary team, we have chosen to use the term modified
GA (mGA) [25]. The mGA included nine domains, all assessed by widely used and well vali-
dated measures (Table 1). Comorbidity was measured with the Charlson Comorbidity Index
(CCI) [26, 27] based on medical records and information from the patient. Cognitive function
was evaluated with the Montreal Cognitive Assessment (MoCA) [28]. Regular medications
were registered according to Anatomical Therapeutic Chemical (ATC) Classification System
based on medical records or reports from patient or home nursing services. Mobility was
assessed with Timed Up and Go (TUG) [29] and self-reported number of falls during the last
six months. Activities of Daily Living (ADL) were registered with Barthel index [30], and
Instrumental ADL (IADL) with Nottingham Extended Activities of Daily Living (NEADL)
[31], both based on self-report. Nutritional status was measured according to the Mini Nutri-
tional Assessment Short Form (MNA-SF) [32, 33]. Finally, depressive symptoms were assessed
through patient interviews using the 15-item Geriatric Depression Scale (GDS-15) [34].
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Table 1. Geriatric assessment: Domains, measures, and cut-off values for impairments.

Domain

Comorbidity

Medications

Cognitive function

Mobility

Falls

Activities of daily
living (ADL)

Instrumental
activities of daily
living (IADL)

Nutritional status

Depressive
symptoms

https://doi.org/10.1371/journal.pone.0283507.t001

Measure

Charlson Comorbidity

Index (CCI)

Number of medications
(ATC) taken regularly

Montreal Cognitive
Assessment Test
(MoCA)

Timed Up and Go
(TUG)

Number of falls the last

six months

Barthel Index

Nottingham Extended

Activities of Daily
Living (NEADL)

Mini Nutritional

Assessment Short Form

(MNA-SF)

Geriatric Depression
Scale (GDS-15)

Range Interpretation Cut-off for Rationale for cut-off
impairment
0-26 Higher score = more | >2 Derived from Charlson et al.
comorbidity [26] and Sundararajan et al.
(27]
>5 Frequently used definition of
polypharmacy [36, 37]
0-30 Higher score = better | 65-75 years: Derived from normative

cognitive function <23, >75years: | values from alarge

<21 population study [35]

Number of seconds >14 seconds Previously used in cancer
trials to identify GA deficits

[37-40]
>2 Previously used in cancer
trials to identify GA deficits
[38, 39]
0-20 Higher score = better | <18
function

Previously used in frailty

classification of cancer

patients [41]

0-66 Higher score = better | <43
function

Previously used in frailty
classification of cancer
patients [41]

Cut-off for “at risk for
malnutrition”. Validated in
geriatric populations [33]

0-14 (Three categories:

0-7 = malnourished, 8-11 = at risk of
malnutrition, 12-14 = normal nutritional
status)

Higher score = better | <11
nutritional status

0-15 Higher score = more | >5
depressive symptoms

Most frequent cut-off value
across different clinical
settings [42]

For the analyses, and in accordance with a previous publication on this cohort [24], eight of
the nine GA measures were dichotomized to define geriatric impairments. Established cut-off
values were used when available (Table 1). As for cognitive function, where normative values
are highly age-dependent [35], we chose two different cut-offs for the MoCA score according
to age group, 65-75 years vs. >75 years.

Statistical analysis

Descriptive data were reported as means with standard deviations (SDs) and median with
minimum and maximum values for continuous variables, and frequencies and percentages for
categorical variables. OS was defined as time from inclusion to death or last observation date
(April 21, 2020). In the main, pre-planned analyses addressing the overall cohort, OS within
the five conventional EFS categories was presented as Kaplan-Meier curves and compared by
log-rank test. The predictive value of EFS (continuous score) on OS was estimated by Cox pro-
portional hazards (PH) regression model, adjusting for established prognostic factors: age,
gender, cancer type, treatment intent (palliative vs. curative), and ECOG status (model 1).
Results were presented as hazard ratios (HRs) with corresponding 95% confidence intervals
(CIs) and p-values. To further explore the impact of EFS scores on survival, OS was assessed
by a similar Cox PH regression model omitting EFS (model 2), and another one, substituting
EFS with number mGA impairments (model 3). C-indices, assessing discriminative ability of
the models, were calculated and compared between the three models. Finally, post hoc, and for
explorative purposes, we estimated similar models stratified by treatment intent.
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We also investigated if alternative EFS categories based on different cut-offs could improve
categorization of patients with respect to survival. For this, based on martingale residual plot
with lowess smoother, we chose 17 different sets with cut-offs including two to nine different
EFS cut-off values, resulting into three to ten frailty categories. For each set, we estimated Cox
PH model and assessed its fit by four statistical criteria: log-likelihood (higher means better),
log-rank (higher means better), Bayes Information Criterion (BIC) and Akaike’s Information
Criterion (AIC) (lower means better). The C-index was compared between the Cox PH model
with EFS categorized to five conventional and the Cox PH model with EFS categorized by
identified alternative cut-offs.

The prevalence of mGA impairments (according to the defined cut-off values of each mea-
sure) were estimated within each conventional EFS category and presented as frequencies and
percentages. The association between EFS categories and the number of -mGA impairments
was quantified by Spearman’s correlation coefficient and ordinal logistic regression analysis
with EFS as independent and mGA impairments as dependent variable, with results presented
as odds ratios (ORs) and 95% ClIs. The association between the two variables was visualized by
box plot.

Finally, we performed additional analyses to evaluate EFS’s ability to detect different num-
ber of mGA impairments. EFS was dichotomized at all potential cut-offs (non-frail vs. frail),
and sensitivity and specificity were assessed with respect to different numbers of mGA impair-
ments (min-max 0-9). Area under the curve (AUC) was also estimated for all EFS cut-off val-
ues and presented with corresponding 95% CL.

Model assumptions were assessed by standard methods. SPSS Statistics version 26 (IBM
Corp. Released 2019. IBM SPSS Statistics for Windows, Version 26.0. Armonk, NY: IBM
Corp) and Stata version 16 (StataCorp. 2019. Stata Statistical Software: Release 16. College Sta-
tion, TX: StataCorp LLC) were used for statistical analyses. Statistical significance level was
defined as 0.05.

Ethics and approval

Written informed consent was obtained from all patients. The Regional Committee for Medi-
cal and Health Research Ethics South-East Norway approved the study protocol (2016/2031/
REK sgr-g@st), and the study was registered in ClinicalTrials.gov (NCT03071640).

Results
Recruitment and patient characteristics

Between February 2017 and July 2018, 538 patients were screened for inclusion. Of 509 eligible
patients 301 (59.1%) were included in the study. The remaining were not included as they
either declined participation (n = 148, 29.1%), were considered too sick (n = 28, 5.5%), or had
other reasons such as an absent study nurse (n = 32, 6.3%).

An overview of baseline characteristics is given in Table 2. Mean age was 73.6 (SD 6.3)
years, 159 (52.8%) were men, and 162 (53.8%) received treatment with curative intent. The
most prevalent cancer diagnoses were breast (n = 95, 31.6%), prostate (n = 73, 24.3%) and lung
(n =65, 21.6%). Median EFS score was 4 (range 0-12). Approximately one-third (n = 101,
33.6%) of the patients were classified as frail according to EFS score >6. In this group there
were 58 (57.4%) men. Lung cancer was the most prevalent cancer type (n = 34, 33.7%), and
the majority were in a palliative setting (n = 76, 75.2%). The distribution of EFS categories
within the overall cohort and in groups defined according to treatment intent is presented in
Table 3.
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Table 2. Baseline characteristics.

All patients (n = 301) Frail, EFS >6 (n =101) Non-frail, EFS <6 (n = 199)
Age
Mean (SD) 73.6 (6.3) 75.6 (7.1) 72.6 (5.7)
Median (min-max) 72 (65-96) 74 (65-96) 71 (65-89)
EFS
Mean (SD) 4.5(3.0) 8.2(1.7) 2.7 (1.5)
Median (min-max) 4(0-12) 8(6-12) 3(0-5)
Gender, n (%)
Female 142 (47.2) 43 (42.6) 99 (49.7)
Cancer type, n (%)
Breast (C50) 95 (31.6) 22 (21.8) 73 (36.7)
Prostate (C61) 73 (24.3) 18 (17.8) 55 (27.6)
Lung (C34) 65 (21.6) 34 (33.7) 30 (15.1)
Other 68 (22.6) 27 (26.7) 41 (20.6)
Stage, n (%)
I 62 (20.6) 9(8.9) 53 (26.6)
I 42 (14.0) 11 (10.9) 31 (15.6)
111 78 (25.9) 16 (15.8) 61 (30.7)
v 119 (39.5) 65 (64.4) 54 (27.1)
Treatment intent, n (%)
Curative 162 (53.8) 25 (24.8) 137 (68.8)
Palliative 139 (46.2) 76 (75.2) 62 (31.2)
ECOG PS, n (%)
0-1 256 (85.0) 57 (56.4) 199 (100)
2-4 45 (15.0) 44 (43.6) 0(0.0)
Impairments of mGA*
Comorbidity (CCI) 82 (27.2) 46 (45.5) 35 (17.6)
Polypharmacy 166 (55.1) 86 (85.1) 79 (39.7)
Cognitive impairment (MoCA), 65-75 years 66 (33.3) 28 (49.1) 38 (26.6)
Cognitive impairment (MoCA), > 75 years 39 (39,0) 27 (61.4) 12 (21.4)
Mobility (TUG) 64 (21.3) 52 (51.5) 11 (5.5)
Falls 34 (11.3) 17 (16.8) 17 (8.5)
ADL (Barthel index) 60 (19.9) 52 (51.5) 7 (3.5)
IADL (NEADL) 63 (21.1) 59 (59.6) 3(1.5)
Nutritional status (MNA-SF) 167 (55.5) 89 (88.1) 77 (38.7)
Depressive symptoms (GDS-15) 63 (20.9) 45 (44.6) 17 (8.5)

*N = 300 for all groups except MoCA 65-75 years (N = 198), MoCA >75 years (N = 100), NEADL (N = 297).

Abbreviations: EFS, Edmonton Frail Scale; ECOG PS, Eastern Cooperative Oncology Group Performance Status; mGA, modified Geriatric Assessment; CCI, Charlson
Comorbidity Index; MoCA, Montreal Cognitive Assessment; TUG, Timed Up and Go; ADL, Activities of Daily Living; IADL, Instrumental ADL; NEADL, Nottingham
Extended Activities of Daily Living; MNA-SF, Mini nutritional Assessment Short Form; GDS-15, 15-item Geriatric Depression Scale.

https:/doi.org/10.1371/journal.pone.0283507.t002

EFS in relation to overall survival

In the entire cohort, 123 (40.9%) died within the two-year follow-up. Of these 120 (89.4%) and
13 (10.6%) received treatment with palliative and curative intent, respectively. In the frail
group (EFS >6), 68 (67.3%) patients died, opposed to 54 (27.1%) in the non-frail group (EFS
<6). Median observation time for the overall cohort was 24.2 months (min 0.3, max 25.9).
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Table 3. Distribution of EFS categories.

Overall cohort Treated with curative intent Treated with palliative intent

EFS categories N (%) N (%) N (%)

Fit (0-3) 134 (44.5) 101 (62.3) 33(23.7)
Vulnerable (4-5) 65 (21.6) 36 (22.2) 29 (20.9)

Mild Frailty (6-7) 39 (13.0) 9 (5.6) 30 (21.6)

Moderate Frailty (8-9) 39 (13.0) 11 (6.8) 28 (20.1)

Severe Frailty (10+) 23 (7.7) 5(3.1) 18 (12.9)

Missing 1(0.3) 0(0) 1(0.7)

Total 300 162 139

https://doi.org/10.1371/journal.pone.0283507.t1003

OS stratified by the five conventional EFS categories is presented as Kaplan-Meier curves in
Fig 1. Patients categorized as fit (EFS score 0-3) had the best OS, and OS declined with higher
EFS score (i.e., higher levels of frailty). According to log-rank test, there were significant differ-
ences in OS between groups (p<0.001).

According to bivariate Cox regression analysis, increase in EFS score at baseline was signifi-
cantly associated with worse two-year OS [HR 1.27 (95% CI 1.20; 1.35, p<0.001)] (Table 4).
The association remained significant after adjustment for age, sex, treatment intention, cancer
type, and ECOG-status [HR 1.20 (95% CI 1.10; 1.30, p<0.001)]. Thus, a one-point increase in
baseline EFS score led to a 20% increased risk of dying within two years (Table 4, multiple
model 1, main). Additionally, receiving palliative treatment and having lung cancer signifi-
cantly increased this risk. Similar results for receiving palliative treatment were found in the
explorative models, both the model where EFS scores were excluded (Table 4, model 2) and
the model where EFS scores were substituted by number of mGA impairments (Table 4,
model 3). According to model 3, increasing number of mGA impairments were independently

o
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LO_ -
o
Vo]
('\! -
o
o
Q -
O T T T T
0 200 400 600 800
Days
Fit (0-3) Vulnerable (4-5) Mild Frailty (6-7) Moderate Frailty (8-9) ——— Severe Frailty (10+)

Fig 1. Kaplan-Meier survival curves for overall survival (days) according to conventional EFS categories.

https://doi.org/10.1371/journal.pone.0283507.g001
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Table 4. Cox proportional hazard models estimating the relationship between covariates and overall survival.

Covariates
EFS score
N of geriatric impairments
Age
Gender (female)
Treatment intent (palliative)
Cancer type

Breast

Prostate

Lung

Other
ECOG dichotomized (2-4)
C-index (95% CI)

Bivariate models

HR (95% CI)
1.27 (1.20; 1.35)

1.04 (1.02; 1.07)
0.57 (0.40; 0.82)

18.93 (10.60; 33.80)

1
2.21 (1.04; 4.68)

11.36 (5.88; 21.93)

8.60 (4.43; 16.66)
3.57 (2.38; 5.36)

Multiple model 1 (main) Multiple model 2 Multiple model 3
p-value HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value
<0.001 1.20 (1.10; 1.30) <0.001 - - - -

- - 1.23 (1.10; 1.38) <0.001
0.002 1.00 (0.97; 1.03) 0.995 1.01 (0.98;1.04) 0.484 1.01 (0.98; 1.04) 0.497
0.003 0.80 (0.52; 1.24) 0.319 0.91 (0.59; 1.39) 0.649 0.73 (0.47; 1.14) 0.170
<0.001 9.43 (4.96; 17.95) <0.001 11.57 (5.99; 22.35) <0.001 10.97 (5.75; 20.91) <0.001

1 1 1

0.038 0.93 (0.37; 2.32) 0.877 0.93 (0.37; 2.30) 0.871 0.75 (0.30; 1.87) 0.539
<0.001 2.52(1.17; 5.46) 0.019 2.19 (1.00; 4.79) 0.050 1.87 (0.86; 4.10) 0.116
<0.001 1.78 (0.82; 3.87) 0.144 1.63 (0.74; 3.58) 0.224 1.38 (0.63; 3.03) 0.417
<0.001 0.87 (0.51; 1.46) 0.589 1.83 (1.21;2.77) 0.004 0.73 (0.39; 1.37) 0.333

0.851 (0.821; 0.881) 0.839 (0.807; 0.871) 0.848 (0.817; 0.878)

Abbreviations: EFS, Edmonton Frail Scale; ECOG, Eastern Cooperative Oncology Group.

https://doi.org/10.1371/journal.pone.0283507.t1004

associated with worse OS [HR 1.23 (95% CI 1.10; 1.38, p<0.001)], meaning that for each
impairment added, the risk of dying increased by 23% (Table 4, model 3). The C-indices for
model 1, 2 and 3 were 0.851, 0.839 and 0.848, respectively (Table 4), and did not differ signifi-
cantly between model 1 and 2 (p = 0.101), model 1 and 3 (p = 0.508) or model 2 and 3
(p=10.179).

Multiple Cox regression models, stratified by treatment intent, confirmed the statistically
significant, independent predictive value of EFS scores in the group receiving RT with pallia-
tive intent [HR 1.17 (95% CI 1.06; 1.28) (p = 0.001)] (S1 Table). In patients who received treat-
ment with curative intent, EFS scores were not associated with OS [HR 1.10 (95% CI 0.89;
1.37) (p = 0.370) (S1 Table). The only significant, predictive factor was having lung cancer
[HR 50.60 (5.43; 471.79) (p = 0.001)].

When exploring if alternative EFS cut-offs could improve categorization with respect to
survival in the overall cohort, we found that a model with seven categories (EFS score 0-2, 3,
4-5,6-7, 8-9, 10, >11) (unadjusted for other covariates) had a C-index of 0.73 (95% CI 0.69;
0.77), compared to 0.72 (95% CI 0.68; 0.76) for the conventional five category model. The dif-
ference between these models was not statistically significant (p = 0.109).

Table 5. Prevalence of mGA impairments according to EFS category, and ordinal logistic regression analysis.

EFS categories

Fit (0-3)(n =134)
Vulnerable (4-5) (n = 65)
Mild Frailty (6-7) (n = 39)

Moderate Frailty (8-9) (n = 39)

Severe Frailty (10+) (N = 23)
Total

Number of mGA impairments (%) Ordinal regression analysis

0 1 2 3 >4 OR (95% CI) p-value
46 (34.6) 52 (39.1) 22 (16.5) 11 (8.3) 2(1.5) 0.002 (0.000-0.011) <0.001
3(4.7) 12 (18.8) 18 (28.1) 22 (34.4) 9 (14.1) 0.021 (0.005-0.098) <0.001
0 33(7.9) 6 (15.8) 8 (21.1) 21 (55.3) 0.110 (0.023; 0.526) 0.006
0 0 3(7.9) 6 (15.8) 29 (76.3) 0.327 (0.065; 1.652) 0.176
0 0 1(4.5) 1(4.5) 20 (90.2) 1 -
49 67 50 48 81

Abbreviations: EFS, Edmonton Frail Scale; mGA, modified Geriatric Assessment. Number of mGA impairments as dependent variable and EFS categories as

independent variable.

https://doi.org/10.1371/journal.pone.0283507.t1005
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Fig 2. Box plot demonstrating the correlation between EFS scores and number of mGA impairments.

https://doi.org/10.1371/journal.pone.0283507.9002

Concurrent validity of EFS to mGA findings

The number of mGA impairments varied from zero to nine; 49 patients (16.3%) had none and
81 (26.9%) had at least four impairments. The prevalence of mGA impairments within groups
defined by conventional EFS categories is presented in Table 5. We found a strong association
between increasing frailty according to EFS category and increasing number of mGA impair-
ments (Spearman’s correlation coefficient 0.77), visualized by a box plot in Fig 2. Similarly,
increasing frailty according to EFS category increased the odds for having a higher number of
mGA impairments. Compared to patients with severe frailty, the odds were statistically signifi-
cantly lower for patients categorized as fit, vulnerable, or mildly frail, but not for those catego-
rized as moderately frail (Table 4, right column).

Using the conventional cut-off for frailty (EFS >6), we found a sensitivity of 0.97 and a
specificity of 0.57 for identifying patients with at least two GA impairments, and 0.87 and 0.78
for identifying at least three GA impairments, respectively. By reducing the EFS cut-off with
one point to >5, we found a sensitivity of 0.95 and specificity 0.65 for identifying at least two
impairments, and 0.80 and 0.83 for minimum three impairments, respectively. By increasing
the EFS cut-off to >7, corresponding numbers for sensitivity was 1.00 and 0.92 for identifying
minimum two and three impairments, and specificity was 0.54 and 0.74 for identifying
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minimum two and three impairments. Area under the curve (AUC) was 0.91 (95% CI 0.88;
0.94) for EFS cut-off >5, 0.92 (95% CI 0.89; 0.95) for cut-off >6, and 0.94 (95% CI 0.91; 0.96)
for cut-off >7. An overview of sensitivity analyses for all EFS cut-off values in relation to differ-
ent number of mGA impairments is presented in S2 Table.

Discussion

In this observational study, we investigated different properties of EFS in a cohort of older
patients with cancer referred for RT with either palliative or curative intent. We found EFS
score to be an independent predictor of two-year OS. There were also significant differences in
OS according to conventional EFS categories. Further, increasing frailty measured with EFS
was strongly correlated to increasing number of mGA impairments. Using the cut-off EFS >6,
we found a high sensitivity and a moderate specificity for identifying patients with at least two
GA impairments.

To the best of our knowledge, only a couple of smaller studies have previously looked at the
association between EFS scores and OS in older patients with cancer [43, 44]. Meyers et al.
[43] found a negative relationship between EFS >7 and OS among 46 patients with colorectal
cancer, whereas in a study by Richards et al. following 86 patients with the same diagnosis
[44], no conclusion could be drawn due to few deaths during the study period. Our findings
are however, supported by larger studies from older non-cancer populations, showing that
EFS scores are predictive of OS [45-47]. Furthermore, two of these studies [45, 46], reported
significant differences in OS according to frailty categories (EFS scores 0-3, 4-6 and >7). Our
study expands this knowledge, indicating that in older patients with cancer, the conventional
EFS categories differentiate between five distinctly different groups in terms of survival, similar
to what can be achieved by classification according to number of GA impairments [24]. Fur-
thermore, our findings indicate that EFS scores have a predictive strength comparable to the
count of such impairments. For confirmation, and to evaluate EFS’s ability to provide prog-
nostic information related to other outcomes in the RT setting, future studies are needed.
Hitherto, the only study investigating the relationship between EFS and RT toxicity [48] was
negative, implying that the increased mortality in patients with a higher degree of frailty may
not be treatment-related.

When comparing predictive models, we found that neither EFS scores nor frequency of
geriatric impairments seemed to add information to established cancer related prognostic fac-
tors. Even if confirmed, this finding cannot serve as an argument against performing GA,
which in older patients with cancer has a range of other well-documented benefits [11, 12].
Regarding the use of EFS, our results indicate that the instrument may provide a finely tuned
prognostic tool, which could be particularly useful for treatment decisions in routine clinical
practice. More importantly, one should keep in mind that the main purpose of frailty screen-
ing is not to predict survival, but to identify patients who will profit from a full GA. In this
respect, the present study indicates that EFS is a relevant instrument to apply in older patients
with cancer referred for RT.

We found a strong correlation between higher EFS scores and increasing number of geriat-
ric impairments, and demonstrated that with a sensitivity of 0.97, the EFS cut-off >6 will cap-
ture almost all patients with at least two geriatric impairments, although the lower specificity
(0.57) means that 43% will be classified as false positive. We are not aware of comparable stud-
ies from a cancer setting, but in line with the present findings, Perna et al. [49] found signifi-
cant associations between EFS and several geriatric domains in a cohort of hospitalized older
adults. Furthermore, the diagnostic accuracy of G8, the most widely used screening tool for
frailty in geriatric oncology, is reportedly in line with our results for EFS. A systematic review
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revealed a median sensitivity for G8 in identifying frailty of 85% (range 38%-97%) and a speci-
ficity of 64% (range 28%-100%) across 19 studies [8]. In all studies, frailty was identified by
GA, and consistent with the present study, the majority used a cut-off of two impairments or
more [8]. In comparison to G8 [19], EFS presents the advantage of including tests for cognitive
function (clock-drawing) and physical performance (TUG), and mapping of social support
[21]. Thus, if comparable properties are confirmed in future studies, we believe that EFS
should be included in the toolbox for frailty screening in patients with cancer.

This study has some limitations and our results must be interpreted with these in mind. A
main point to consider is the heterogeneity of our study sample in terms of demographics,
general health status, cancer type, and treatment intent. This can be seen as a study strength,
implying that our results are relevant for routine oncology clinics, and consequently that EFS
performs well and holds prognostic information in a diverse group of patients. On the other
hand, the heterogeneity introduces the likelihood of unaddressed confounders. In our pre-
planned survival analyses, we included major, established prognostic factors, but due to a rela-
tively limited sample size, the number had to be restricted to retain statistical power. We
chose, for instance, to include treatment intent at the expense of stage of disease. The two vari-
ables were strongly correlated, and we believe that treatment intent as decided by the treating
oncologist holds the most essential prognostic information in a heterogeneous cohort like the
present one. Overall, however, we cannot rule out that known and unknown factors other
than those taken into account, may have influenced our results. Furthermore, patients receiv-
ing treatment with curative and palliative intent are obviously clinically distinct. We therefore
performed post hoc analyses on a stratified study sample. The independent predictive value of
EFS scores was reproduced in the sub-cohort receiving treatment with palliative intent, but
not among those receiving curative RT. In this latter group, only 13 patients died during the
follow-up, and the distribution of EFS scores was highly skewed towards the fit category. For
these reasons, as well as smaller sample size resulting from dividing the overall cohort and the
exploratory nature of the analyses, the results must be interpreted with caution. Thus, future
studies are needed to establish the prognostic value of EFS in more homogeneous samples in
terms treatment intent, type of cancer and stage of disease.

Other limitations of our study are firstly the truncated range of EFS scores and a potential
selection bias. The upper EFS limit is 17, whereas in our cohort the highest score was 12. This
may have influenced our validation analyses. Moreover, the overall skewness of scores towards
the fitter range, together with relatively large proportion of non-included eligible patients, sug-
gest that the fitter patients might have been selected for enrolment. It may, however, also
reflect that many frail patients are not referred for RT. Secondly, due to limited resources, both
EFS and mGA were performed by the same assessor. This may potentially lead to overestima-
tion in the concurrent validity analyses. We do however, find this unlikely. By the time of
assessment, the assessors had no knowledge of the definition of geriatric impairment, the cut-
offs for EFS categories, or how the validation would be performed. To validate EFS as a screen-
ing tool, we used a frequently applied approach, that is, evaluation against GA [18]. A common
challenge for such studies is the lack of consensus on how to identify frailty based on GA. Con-
sequently, procedures vary between studies, making comparison of results difficult [7, 8, 18].
We chose to evaluate EFS against the number of geriatric impairments, and this we consider as
a study strength. Additionally, our main focus was the accuracy of the conventional EFS cut
off for frailty (> 6) in identifying patients with two or more geriatric impairments, the most
commonly used cut off for frailty based on GA [7, 50]. The content of our mGA is also a study
strength. The comprehensive assessment of nine geriatric domains with well-validated tools is
in accordance with ASCO Guideline [9], and cut-offs for impairments were based on previ-
ously used cut-offs when available. Finally, in the Cox regression models estimating EFS
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prognostic ability, we followed strong recommendations for studies on prognostic factors, and
included EFS as a continuous variable, not categorized [51].

In conclusion, we found EFS to be an independent predictor of OS in a heterogeneous pop-
ulation of older adults with cancer referred for RT, and demonstrated that EFS has a high sen-
sitivity in identifying patients with geriatric impairments who are in need of a more elaborate
GA. Adding that EFS is quick (< 5 minutes) and covers multiple geriatric domains, allowing
for a subsequent focused assessment of the particular components of interest, it appears to be a
topical tool for frailty screening in older patients with cancer receiving RT. Future studies
addressing EFS’ performance in more homogeneous cancer populations are warranted.

Supporting information

S1 Table. Cox regression models estimating the relationship between EFS score and OS in
patients stratified by curative and palliative intent.
(DOCX)

$2 Table. Sensitivity, specificity, and area under the curve (AUC) for different EFS cut-offs
in relation to different numbers of mGA impairments.
(DOCX)

Acknowledgments

We are very grateful to all patients who took part in this study and the employees at the RTU
at Gjovik Hospital for facilitating the study. A special thanks to Bodil Sem Kolsgaard for her
excellent work ensuring major parts of the data collection.

Author Contributions

Conceptualization: Jaraté Saltyté Benth, Bjorn Henning Grenberg, Siri Rostoft, @yvind Kir-
kevold, Darryl Rolfson, Marit Slaaen.

Data curation: Guro Falk Eriksen.

Formal analysis: Juraté Saltyté Benth.

Funding acquisition: Ingvild Saltvedt, Marit Slaaen.
Investigation: Guro Falk Eriksen.

Methodology: Inga Marie Royset, Guro Falk Eriksen, Jaraté Saltyté Benth, Ingvild Saltvedt,
Bjorn Henning Grenberg, Siri Rostoft, @yvind Kirkevold, Darryl Rolfson, Marit Slaaen.

Project administration: Marit Slaaen.
Resources: Guro Falk Eriksen, Darryl Rolfson.
Supervision: Ingvild Saltvedt, Marit Slaaen.

Validation: Inga Marie Royset, Guro Falk Eriksen, Jaraté Saltyté Benth, Ingvild Saltvedt,
Marit Slaaen.

Visualization: Jarate Saltyté Benth.
Writing - original draft: Inga Marie Royset.

Writing - review & editing: Inga Marie Royset, Guro Falk Eriksen, Jaraté Saltyté Benth,
Ingvild Saltvedt, Bjorn Henning Grenberg, Siri Rostoft, @yvind Kirkevold, Darryl Rolfson,
Marit Slaaen.

PLOS ONE | https://doi.org/10.1371/journal.pone.0283507 March 24, 2023 12/15


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0283507.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0283507.s002
https://doi.org/10.1371/journal.pone.0283507

PLOS ONE

Edmonton Frail Scale predicts mortality in older patients with cancer undergoing radiotherapy

References

1.

10.

11.

12

13.

14.

15.

16.

17.

18.

Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram |, Jemal A, et al. Global Cancer Statistics
2020: GLOBOCAN Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries.
CA: a cancer journal for clinicians. 2021; 71(3):209—49. hitps://doi.org/10.3322/caac.21660 PMID:
33538338

Pilleron S, Sarfati D, Janssen-Heijnen M, Vignat J, Ferlay J, Bray F, et al. Global cancer incidence in
older adults, 2012 and 2035: A population-based study. Int J Cancer. 2019; 144(1):49-58. https://doi.
org/10.1002/ijc.31664 PMID: 29978474

Fried LP, Tangen CM, Walston J, Newman AB, Hirsch C, Gottdiener J, et al. Frailty in older adults: evi-
dence for a phenotype. J Gerontol A Biol Sci Med Sci. 2001; 56(3):M146-56. https://doi.org/10.1093/
gerona/56.3.m146 PMID: 11253156

Clegg A, Young J, lliffe S, Rikkert MO, Rockwood K. Frailty in elderly people. Lancet. 2013; 381
(9868):752—62. https://doi.org/10.1016/S0140-6736(12)62167-9 PMID: 23395245

Lee JA, Yanagawa B, An KR, Arora RC, Verma S, Friedrich JO. Frailty and pre-frailty in cardiac surgery:
a systematic review and meta-analysis of 66,448 patients. J Cardiothorac Surg. 2021; 16(1):184.
https://doi.org/10.1186/s13019-021-01541-8 PMID: 34172059

Dent E, Kowal P, Hoogendijk EO. Frailty measurement in research and clinical practice: A review. Eur J
Intern Med. 2016; 31:3—10. https://doi.org/10.1016/j.ejim.2016.03.007 PMID: 27039014

Handforth C, Clegg A, Young C, Simpkins S, Seymour MT, Selby PJ, et al. The prevalence and out-
comes of frailty in older cancer patients: a systematic review. Ann Oncol. 2015; 26(6):1091-101. https:/
doi.org/10.1093/annonc/mdu540 PMID: 25403592

van Walree IC, Scheepers E, van Huis-Tanja L, Emmelot-Vonk MH, Bellera C, Soubeyran P, et al. A
systematic review on the association of the G8 with geriatric assessment, prognosis and course of treat-
ment in older patients with cancer. [Oxford]: 2019. p. 847-58.

Mohile SG, Dale W, Somerfield MR, Schonberg MA, Boyd CM, Burhenn PS, et al. Practical Assess-
ment and Management of Vulnerabilities in Older Patients Receiving Chemotherapy: ASCO Guideline
for Geriatric Oncology. J Clin Oncol. 2018; 36(22):2326—47. https://doi.org/10.1200/JC0.2018.78.8687
PMID: 29782209

Wildiers H, Heeren P, Puts M, Topinkova E, Janssen-Heijnen ML, Extermann M, et al. International
Society of Geriatric Oncology consensus on geriatric assessment in older patients with cancer. Journal
of clinical oncology. 2014; 32(24):2595. https://doi.org/10.1200/JC0.2013.54.8347 PMID: 25071125

Hamaker M, Lund C, Te Molder M, Soubeyran P, Wildiers H, van Huis L, et al. Geriatric assessment in
the management of older patients with cancer—A systematic review (update). J Geriatr Oncol. 2022; 13
(6):761-77. https://doi.org/10.1016/j.jgo.2022.04.008 PMID: 35545495

Rostoft S, O’Donovan A, Soubeyran P, Alibhai SMH, Hamaker ME. Geriatric Assessment and Manage-
ment in Cancer. J Clin Oncol. 2021; 39(19):2058—67. https://doi.org/10.1200/JC0O.21.00089 PMID:
34043439

Mohile SG, Mohamed MR, Xu H, Culakova E, Loh KP, Magnuson A, et al. Evaluation of geriatric
assessment and management on the toxic effects of cancer treatment (GAP70+): a cluster-randomised
study. Lancet. 2021; 398(10314):1894-904. https://doi.org/10.1016/S0140-6736(21)01789-X PMID:
34741815

Extermann M, Aapro M, Bernabei R, Cohen HJ, Droz JP, Lichtman S, et al. Use of comprehensive geri-
atric assessment in older cancer patients: recommendations from the task force on CGA of the Interna-
tional Society of Geriatric Oncology (SIOG). Crit Rev Oncol Hematol. 2005; 55(3):241-52. https://doi.
org/10.1016/j.critrevonc.2005.06.003 PMID: 16084735

Dale W, Williams GR, A RM, Soto-Perez-de-Celis E, Maggiore RJ, Merrill JK, et al. How Is Geriatric
Assessment Used in Clinical Practice for Older Adults With Cancer? A Survey of Cancer Providers by
the American Society of Clinical Oncology. JCO Oncol Pract. 2021; 17(6):336—44. https://doi.org/10.
1200/0P.20.00442 PMID: 33064058

McKenzie GAG, Bullock AF, Greenley SL, Lind MJ, Johnson MJ, Pearson M. Implementation of geriat-
ric assessment in oncology settings: A systematic realist review. Journal of geriatric oncology. 2021; 12
(1):22-33. https://doi.org/10.1016/j.jgo.2020.07.003 PMID: 32680826

Chapman AE, Elias R, Plotkin E, Lowenstein LM, Swartz K. Models of Care in Geriatric Oncology. J
Clin Oncol. 2021; 39(19):2195-204. https://doi.org/10.1200/JC0O.21.00118 PMID: 34043453

Decoster L, Van Puyvelde K, Mohile S, Wedding U, Basso U, Colloca G, et al. Screening tools for multi-
dimensional health problems warranting a geriatric assessment in older cancer patients: an update on
SIOG recommendations. Ann Oncol. 2015; 26(2):288-300.

PLOS ONE | https://doi.org/10.1371/journal.pone.0283507 March 24, 2023 13/15


https://doi.org/10.3322/caac.21660
http://www.ncbi.nlm.nih.gov/pubmed/33538338
https://doi.org/10.1002/ijc.31664
https://doi.org/10.1002/ijc.31664
http://www.ncbi.nlm.nih.gov/pubmed/29978474
https://doi.org/10.1093/gerona/56.3.m146
https://doi.org/10.1093/gerona/56.3.m146
http://www.ncbi.nlm.nih.gov/pubmed/11253156
https://doi.org/10.1016/S0140-6736%2812%2962167-9
http://www.ncbi.nlm.nih.gov/pubmed/23395245
https://doi.org/10.1186/s13019-021-01541-8
http://www.ncbi.nlm.nih.gov/pubmed/34172059
https://doi.org/10.1016/j.ejim.2016.03.007
http://www.ncbi.nlm.nih.gov/pubmed/27039014
https://doi.org/10.1093/annonc/mdu540
https://doi.org/10.1093/annonc/mdu540
http://www.ncbi.nlm.nih.gov/pubmed/25403592
https://doi.org/10.1200/JCO.2018.78.8687
http://www.ncbi.nlm.nih.gov/pubmed/29782209
https://doi.org/10.1200/JCO.2013.54.8347
http://www.ncbi.nlm.nih.gov/pubmed/25071125
https://doi.org/10.1016/j.jgo.2022.04.008
http://www.ncbi.nlm.nih.gov/pubmed/35545495
https://doi.org/10.1200/JCO.21.00089
http://www.ncbi.nlm.nih.gov/pubmed/34043439
https://doi.org/10.1016/S0140-6736%2821%2901789-X
http://www.ncbi.nlm.nih.gov/pubmed/34741815
https://doi.org/10.1016/j.critrevonc.2005.06.003
https://doi.org/10.1016/j.critrevonc.2005.06.003
http://www.ncbi.nlm.nih.gov/pubmed/16084735
https://doi.org/10.1200/OP.20.00442
https://doi.org/10.1200/OP.20.00442
http://www.ncbi.nlm.nih.gov/pubmed/33064058
https://doi.org/10.1016/j.jgo.2020.07.003
http://www.ncbi.nlm.nih.gov/pubmed/32680826
https://doi.org/10.1200/JCO.21.00118
http://www.ncbi.nlm.nih.gov/pubmed/34043453
https://doi.org/10.1371/journal.pone.0283507

PLOS ONE

Edmonton Frail Scale predicts mortality in older patients with cancer undergoing radiotherapy

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Bellera CA, Rainfray M, Mathoulin-Pélissier S, Mertens C, Delva F, Fonck M, et al. Screening older can-
cer patients: first evaluation of the G-8 geriatric screening tool. Ann Oncol. 2012; 23(8):2166-72.
https://doi.org/10.1093/annonc/mdr587 PMID: 22250183

Garcia MV, Agar MR, Soo WK, To T, Phillips JL. Screening Tools for Identifying Older Adults With Can-
cer Who May Benefit From a Geriatric Assessment: A Systematic Review. JAMA Oncol. 2021. https://
doi.org/10.1001/jamaoncol.2020.6736 PMID: 33443547

Rolfson DB, Majumdar SR, Tsuyuki RT, Tahir A, Rockwood K. Validity and reliability of the Edmonton
Frail Scale. Age Ageing. 2006; 35(5):526—9. https://doi.org/10.1093/ageing/afl041 PMID: 16757522

HeY, LiLW, Hao Y, Sim EY, Ng KL, Lee R, et al. Assessment of predictive validity and feasibility of
Edmonton Frail Scale in identifying postoperative complications among elderly patients: a prospective
observational study. Sci Rep. 2020; 10(1):14682. https://doi.org/10.1038/s41598-020-71140-5 PMID:
32895396

Dasgupta M, Rolfson DB, Stolee P, Borrie MJ, Speechley M. Frailty is associated with postoperative
complications in older adults with medical problems. Arch Gerontol Geriatr. 2009; 48(1):78-83. hitps://
doi.org/10.1016/j.archger.2007.10.007 PMID: 18068828

Eriksen GF, Saltyté Benth J, Granberg BH, Rostoft S, Kirkhus L, Kirkevold @, et al. Geriatric impair-
ments are prevalent and predictive of survival in older patients with cancer receiving radiotherapy: a pro-
spective observational study. Acta oncologica (Stockholm, Sweden). 2021:1-10.

Puts MTE, Alibhai SMH. Fighting back against the dilution of the Comprehensive Geriatric Assessment.
[Oxford]: 2018. p. 3-5.

Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying prognostic comorbidity
in longitudinal studies: development and validation. J Chronic Dis. 1987; 40(5):373-83. https://doi.org/
10.1016/0021-9681(87)90171-8 PMID: 3558716

Sundararajan V, Henderson T, Perry C, Muggivan A, Quan H, Ghali WA. New ICD-10 version of the
Charlson comorbidity index predicted in-hospital mortality. J Clin Epidemiol. 2004; 57(12):1288—94.
https://doi.org/10.1016/j.jclinepi.2004.03.012 PMID: 15617955

Nasreddine ZS, Phillips NA, Bedirian V, Charbonneau S, Whitehead V, Collin I, et al. The Montreal Cog-
nitive Assessment, MoCA: a brief screening tool for mild cognitive impairment. Journal of the American
Geriatrics Society. 2005; 53(4):695-9. https://doi.org/10.1111/j.1532-5415.2005.53221.x PMID:
15817019

Podsiadlo D, Richardson S. The timed "Up & Go": a test of basic functional mobility for frail elderly per-
sons. Journal of the American Geriatrics Society. 1991; 39(2):142-8.

Mahoney Fl, Barthel DW. Functional evaluation: The Barthel Index. Md State Med J. 1965; 14:61-5.
PMID: 14258950

Gladman JR, Lincoln NB, Adams SA. Use of the extended ADL scale with stroke patients. Age Ageing.
1993; 22(6):419-24. https://doi.org/10.1093/ageing/22.6.419 PMID: 8310887

Rubenstein LZ, Harker JO, Salva A, Guigoz Y, Vellas B. Screening for undernutrition in geriatric prac-
tice: developing the short-form mini-nutritional assessment (MNA-SF). J Gerontol A Biol Sci Med Sci.
2001; 56(6):M366—72. https://doi.org/10.1093/gerona/56.6.m366 PMID: 11382797

Kaiser MJ, Bauer JM, Ramsch C, Uter W, Guigoz Y, Cederholm T, et al. Validation of the Mini Nutri-
tional Assessment short-form (MNA-SF): a practical tool for identification of nutritional status. J Nutr
Health Aging. 2009; 13(9):782-8. https://doi.org/10.1007/s12603-009-0214-7 PMID: 19812868

Yesavage J, Sheikh J. Geriatric Depression Scale (GDS): Recent Evidence and Development of a
Shorter Version. Clinical Gerontologist. 1986; 5(1/2).

Borland E, Nagga K, Nilsson PM, Minthon L, Nilsson ED, Palmqvist S. The Montreal Cognitive Assess-
ment: Normative Data from a Large Swedish Population-Based Cohort. J Alzheimers Dis. 2017; 59
(3):893-901. https://doi.org/10.3233/JAD-170203 PMID: 28697562

Gutiérrez-Valencia M, Izquierdo M, Cesari M, Casas-Herrero A, Inzitari M, Martinez-Velilla N. The rela-
tionship between frailty and polypharmacy in older people: A systematic review. Br J Clin Pharmacol.
2018; 84(7):1432—-44. https://doi.org/10.1111/bcp.13590 PMID: 29575094

Mohile SG, Epstein RM, Hurria A, Heckler CE, Canin B, Culakova E, et al. Communication With Older
Patients With Cancer Using Geriatric Assessment: A Cluster-Randomized Clinical Trial From the
National Cancer Institute Community Oncology Research Program. JAMA Oncol. 2020; 6(2):196—204.
https://doi.org/10.1001/jamaoncol.2019.4728 PMID: 31697365

Jolly TA, Deal AM, Nyrop KA, Williams GR, Pergolotti M, Wood WA, et al. Geriatric assessment-identi-
fied deficits in older cancer patients with normal performance status. The oncologist. 2015; 20(4):379—
85. https://doi.org/10.1634/theoncologist.2014-0247 PMID: 25765876

PLOS ONE | https://doi.org/10.1371/journal.pone.0283507 March 24, 2023 14/15


https://doi.org/10.1093/annonc/mdr587
http://www.ncbi.nlm.nih.gov/pubmed/22250183
https://doi.org/10.1001/jamaoncol.2020.6736
https://doi.org/10.1001/jamaoncol.2020.6736
http://www.ncbi.nlm.nih.gov/pubmed/33443547
https://doi.org/10.1093/ageing/afl041
http://www.ncbi.nlm.nih.gov/pubmed/16757522
https://doi.org/10.1038/s41598-020-71140-5
http://www.ncbi.nlm.nih.gov/pubmed/32895396
https://doi.org/10.1016/j.archger.2007.10.007
https://doi.org/10.1016/j.archger.2007.10.007
http://www.ncbi.nlm.nih.gov/pubmed/18068828
https://doi.org/10.1016/0021-9681%2887%2990171-8
https://doi.org/10.1016/0021-9681%2887%2990171-8
http://www.ncbi.nlm.nih.gov/pubmed/3558716
https://doi.org/10.1016/j.jclinepi.2004.03.012
http://www.ncbi.nlm.nih.gov/pubmed/15617955
https://doi.org/10.1111/j.1532-5415.2005.53221.x
http://www.ncbi.nlm.nih.gov/pubmed/15817019
http://www.ncbi.nlm.nih.gov/pubmed/14258950
https://doi.org/10.1093/ageing/22.6.419
http://www.ncbi.nlm.nih.gov/pubmed/8310887
https://doi.org/10.1093/gerona/56.6.m366
http://www.ncbi.nlm.nih.gov/pubmed/11382797
https://doi.org/10.1007/s12603-009-0214-7
http://www.ncbi.nlm.nih.gov/pubmed/19812868
https://doi.org/10.3233/JAD-170203
http://www.ncbi.nlm.nih.gov/pubmed/28697562
https://doi.org/10.1111/bcp.13590
http://www.ncbi.nlm.nih.gov/pubmed/29575094
https://doi.org/10.1001/jamaoncol.2019.4728
http://www.ncbi.nlm.nih.gov/pubmed/31697365
https://doi.org/10.1634/theoncologist.2014-0247
http://www.ncbi.nlm.nih.gov/pubmed/25765876
https://doi.org/10.1371/journal.pone.0283507

PLOS ONE

Edmonton Frail Scale predicts mortality in older patients with cancer undergoing radiotherapy

39.

40.

41.

42,

43.

44,

45.

46.

47.

48.

49.

50.

51.

Owusu C, Koroukian SM, Schluchter M, Bakaki P, Berger NA. Screening older cancer patients for a
Comprehensive Geriatric Assessment: A comparison of three instruments. J Geriatr Oncol. 2011; 2
(2):121-9. https://doi.org/10.1016/}.jgo.2010.12.002 PMID: 21927633

Williams GR, Deal AM, Nyrop KA, Pergolotti M, Guerard EJ, Jolly TA, et al. Geriatric assessment as an
aide to understanding falls in older adults with cancer. Support Care Cancer. 2015; 23(8):2273-80.
https://doi.org/10.1007/s00520-014-2598-0 PMID: 25576434

Kristjansson SR, Nesbakken A, Jordhoy MS, Skovlund E, Audisio RA, Johannessen HO, et al. Compre-
hensive geriatric assessment can predict complications in elderly patients after elective surgery for colo-
rectal cancer: a prospective observational cohort study. Crit Rev Oncol Hematol. 2010; 76(3):208-17.
https://doi.org/10.1016/j.critrevonc.2009.11.002 PMID: 20005123

Pocklington C, Gilbody S, Manea L, McMillan D. The diagnostic accuracy of brief versions of the Geriat-
ric Depression Scale: a systematic review and meta-analysis. Int J Geriatr Psychiatry. 2016; 31(8):837—
57. https://doi.org/10.1002/gps.4407 PMID: 26890937

Meyers BM, Al-Shamsi HO, Rask S, Yelamanchili R, Phillips CM, Papaioannou A, et al. Utility of the
Edmonton Frail Scale in identifying frail elderly patients during treatment of colorectal cancer. [Hong
Kong]: 2017. p. 32-8. https://doi.org/10.21037/jgo.2016.11.12 PMID: 28280606

Richards SJG, Cherry TJ, Frizelle FA, Eglinton TW. Pre-operative frailty is predictive of adverse post-
operative outcomes in colorectal cancer patients. ANZ J Surg. 2021; 91(3):379-86. https://doi.org/10.
1111/ans. 16319 PMID: 32975018

Graham MM, Galbraith PD, O’Neill D, Rolfson DB, Dando C, Norris CM. Frailty and outcome in elderly
patients with acute coronary syndrome. Can J Cardiol. 2013; 29(12):1610-5. https://doi.org/10.1016/j.
cjca.2013.08.016 PMID: 24183299

Blanco S, Ferriéres J, Bongard V, Toulza O, Sebai F, Billet S, et al. Prognosis Impact of Frailty
Assessed by the Edmonton Frail Scale in the Setting of Acute Coronary Syndrome in the Elderly. Can J
Cardiol. 2017; 33(7):933-9. https://doi.org/10.1016/j.cjca.2017.03.026 PMID: 28668143

Amabili P, Wozolek A, Noirot I, Roediger L, Senard M, Donneau AF, et al. The Edmonton Frail Scale
Improves the Prediction of 30-Day Mortality in Elderly Patients Undergoing Cardiac Surgery: A Prospec-
tive Observational Study. J Cardiothorac Vasc Anesth. 2019; 33(4):945-52. https://doi.org/10.1053/j.
jvca.2018.05.038 PMID: 30049520

Keenan LG, O’Brien M, Ryan T, Dunne M, McArdle O. Assessment of older patients with cancer:
Edmonton Frail Scale (EFS) as a predictor of adverse outcomes in older patients undergoing radiother-
apy. J Geriatr Oncol. 2017; 8(3):206—10. https://doi.org/10.1016/j.jgo.2016.12.006 PMID: 28024799

Perna S, Francis MD, Bologna C, Moncaglieri F, Riva A, Morazzoni P, et al. Performance of Edmonton
Frail Scale on frailty assessment: its association with multi-dimensional geriatric conditions assessed
with specific screening tools. BMC Geriatr. 2017; 17(1):2. https://doi.org/10.1186/s12877-016-0382-3
PMID: 28049443

Balducci L, Extermann M. Management of cancer in the older person: a practical approach. The oncolo-
gist. 2000; 5(3):224—-37. https://doi.org/10.1634/theoncologist.5-3-224 PMID: 10884501

Altman DG, McShane LM, Sauerbrei W, Taube SE. Reporting Recommendations for Tumor Marker
Prognostic Studies (REMARK): explanation and elaboration. PLoS Med. 2012; 9(5):e1001216. https:/
doi.org/10.1371/journal.pmed.1001216 PMID: 22675273

PLOS ONE | https://doi.org/10.1371/journal.pone.0283507 March 24, 2023 15/15


https://doi.org/10.1016/j.jgo.2010.12.002
http://www.ncbi.nlm.nih.gov/pubmed/21927633
https://doi.org/10.1007/s00520-014-2598-0
http://www.ncbi.nlm.nih.gov/pubmed/25576434
https://doi.org/10.1016/j.critrevonc.2009.11.002
http://www.ncbi.nlm.nih.gov/pubmed/20005123
https://doi.org/10.1002/gps.4407
http://www.ncbi.nlm.nih.gov/pubmed/26890937
https://doi.org/10.21037/jgo.2016.11.12
http://www.ncbi.nlm.nih.gov/pubmed/28280606
https://doi.org/10.1111/ans.16319
https://doi.org/10.1111/ans.16319
http://www.ncbi.nlm.nih.gov/pubmed/32975018
https://doi.org/10.1016/j.cjca.2013.08.016
https://doi.org/10.1016/j.cjca.2013.08.016
http://www.ncbi.nlm.nih.gov/pubmed/24183299
https://doi.org/10.1016/j.cjca.2017.03.026
http://www.ncbi.nlm.nih.gov/pubmed/28668143
https://doi.org/10.1053/j.jvca.2018.05.038
https://doi.org/10.1053/j.jvca.2018.05.038
http://www.ncbi.nlm.nih.gov/pubmed/30049520
https://doi.org/10.1016/j.jgo.2016.12.006
http://www.ncbi.nlm.nih.gov/pubmed/28024799
https://doi.org/10.1186/s12877-016-0382-3
http://www.ncbi.nlm.nih.gov/pubmed/28049443
https://doi.org/10.1634/theoncologist.5-3-224
http://www.ncbi.nlm.nih.gov/pubmed/10884501
https://doi.org/10.1371/journal.pmed.1001216
https://doi.org/10.1371/journal.pmed.1001216
http://www.ncbi.nlm.nih.gov/pubmed/22675273
https://doi.org/10.1371/journal.pone.0283507

