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abstract

PURPOSE The intended clinical value of frailty screening is to identify unfit patients needing geriatric assessment
(GA) and to prevent unnecessary GA in fit patients. These hypotheses rely on the sensitivity and specificity of
screening tests, but they have not been verified.

METHODS We performed a cross-sectional analysis of outpatients age $ 70 years with prostate, breast, co-
lorectal, or lung cancer included in the ELCAPA cohort study (ClinicalTrials.gov identifier: NCT02884375)
between February 2007 and December 2019. The diagnostic accuracy of the G8 Geriatric Screening Tool (G8)
and modified G8 scores for identifying unfit patients was determined on the basis of GA results. We used
decision curve analysis to calculate the benefit of frailty screening for detecting unfit patients and avoiding
unnecessary GA in fit patients across different threshold probabilities.

RESULTS We included 1,648 patients (median age, 81 years), and 1,428 (87%) were unfit. The sensitivity and
specificity were, respectively, 85% (95% CI, 84 to 87) and 59% (95% CI, 57 to 61) for G8, and 86% (95% CI,
84 to 87) and 60% (95%CI, 58 to 63) for themodified G8 score. For decision curve analysis, the net benefit (NB)
for identifying unfit patients were 0.72 for G8, 0.72 for themodified G8, and 0.82 for GA at a threshold probability
of 0.25. At a threshold probability of 0.33, the NBs were 0.71, 0.72, and 0.80, respectively. At a threshold
probability of 0.5, the NBs were 0.68, 0.69, and 0.73, respectively. No screening tool reduced unnecessary GA
in fit patients at predefined threshold probabilities.

CONCLUSION Although frailty screening tests showed good diagnostic accuracy, screening showed no clinical
benefits over the GA-for-all strategy. NB approaches, in addition to diagnostic accuracy, are necessary to assess
the clinical value of tests.
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INTRODUCTION

Geriatric assessment (GA; a comprehensive, multidi-
mensional evaluation of a patient’s health status) can
identify undetected age-related factors such as frailty.1 GA
in older patients with cancer influences treatment se-
lection, guides geriatric interventions,2 and predicts
mortality3 and chemotherapy toxicity.4-6 Hence, American
Society of Clinical Oncology,7 National Comprehensive
Cancer Network,8 and International Society of Geriatric
Oncology (SIOG)1 have recommended GA to optimize
decision making in older patients with cancer. However,
GA is resource- and time-consuming. Hence, a two-step
strategy using frailty screening has been recommended to
distinguish between unfit patients (who should undergo
GA) and fit patients (who should avoid GA).9 Although
many frailty screening tools are available, in two
systematic reviews, the G8 Geriatric Screening Tool (G8)
score was one of the most robust because of its high
sensitivity and acceptable specificity.9,10 The G8 score is

recommended by the SIOG,11,12 the European Associa-
tion of Urology,13 the European Society of Surgical On-
cology, and the European Organisation for Research and
Treatment of Cancer.14,15

Typically, the evaluation and recommendation to use
one screening test over another relies on sensitivity
and specificity. However, it is unclear which level of
sensitivity and specificity justifies its clinical imple-
mentation.16 In addition, these statistics are of limited
clinical value in decision making as they lack any
diagnostic meaning because they are conditioned by
the future (the confirmed diagnosis) when predicting
the past (test result).17 A physician’s decisions should
rely on post-test probabilities, that is, the probability of
having a disease, given the test results, rather than the
contrary.17 Moreover, sensitivity, specificity, and area
under the curve do not provide information about the
clinical utility of tests and do not account for the risks or
benefits of decisions on the basis of test results.18
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In decision curve analysis (DCA), an intervention’s ex-
pected risks and benefits are weighted across a range of
physician or patient preferences.18 Moreover, DCA enables
simultaneous evaluation of several strategies so that phy-
sicians and patients can select the best one.19 Finally, DCA
provides insight into whether making decisions on the basis
of test results would do more harm than good.18

Therefore, the objective of this study was to evaluate the
value (as assessed in a DCA) of frailty screening on the basis
of the G8 score or the modified 6-item G8 score (hereafter
referred to as the modified G8 score) to identify unfit indi-
viduals needing GA and to avoid GA in fit individuals.

METHODS

Design, Setting, and Participants

In this cross-sectional study, we analyzed outpatients with
cancer of the multicenter, prospective ELCAPA cohort
between February 2007 and December 2019. The ELCAPA
study was conducted at 19 geriatric oncology clinics in the
Greater Paris region of France. All patients were age
$ 70 years, had a confirmed cancer diagnosis, and were
referred to the geriatric oncology unit for GA before treat-
ment selection. We only included patients for whom
complete GA, G8, and modified G8 data sets were avail-
able. All patients provided informed consent before in-
clusion in the study. The study protocol was approved by an
independent ethics committee (CPP Ile-de-France I, Paris,
France; reference: 2019 mai-MS121). The ELCAPA study is
registered at ClinicalTrials.gov (identifier: NCT02884375).

Outcome Ascertainment

GA (the reference test). The GA in the ELCAPA study in-
cluded seven validated scoring tools covering important
health domains for older patients with cancer, assessed by
an experienced geriatrician using a standardized case

report form. The instruments, thresholds, and definition of
unfit patients were consistent with development studies for
the G820 andmodifiedG8 scores.21 As in the study by Bellera
et al,20 we defined unfit patients as those with at least one
abnormal score in the GA domains: activities of daily living
(ADL; dependency on at least one item); instrumental ac-
tivities of daily living (IADL; dependency on at least one item);
the Mini-Mental State Examination (# 23 out of 30 points);
the Mini Geriatric Depression Scale (Mini GDS,$ one out of
four points); the Mini Nutritional Assessment (MNA, # 23.5
out of 30 points); the Cumulative Illness Rating Scale for
Geriatrics (CIRS-G, at least one grade 3 or 4 comorbidity);
and the Timed Up and Go test (more than 20 seconds). In
patients with prostate cancer (and as recommended by the
SIOG), we used only bathing, dressing, toileting, transferring,
and feeding items to evaluate ADL. Management of money,
medications, transportation, and telephone use were used to
evaluate IADL.22

Screening tools. The G8 score included the following eight
items: food intake and weight loss over the last three
months, reduced mobility, neuropsychologic problems,
body mass index, administration of more than three daily
drugs, self-rated health status, and the patient’s age.20

The modified G8 score included the following six items:
weight loss over the past three months, neuropsychologic
problems, administration of more than six daily drugs, self-
rated health status, Eastern Cooperative Oncology Group
performance status, and the presence of heart failure or
coronary disease.21

Abnormal G8 and modified G8 scores were defined using
the recommended cutoffs (# 14 of 17 points and$ 6 of 35
points, respectively).20,21

Covariates. We included the following baseline covariates
to describe the study population and perform sensitivity
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analysis: tumor type, clinical stage (metastatic disease or
nonmetastatic/unknown), node involvement (positive or
negative/unknown), age, and sex.

Statistical Analysis

Summary statistics were used to describe participants’
demographic and clinical characteristics. The sensitivity,
specificity, positive predictive value (PPV), and negative
predictive value (NPV) were calculated (95% CIs) for each
screening tool.

DCA

We used the DCA technique described by Vickers et al.18

We assumed that reasonable threshold probabilities were
0.25 and 0.33, indicating that missing an unfit patient was
three and two times worse than exposing a fit patient to an
unnecessary GA (odds of 1:3 and 1:2, respectively). We
also assessed a threshold probability of 0.5 (odds 1:1),
assuming that missing an unfit patient was the same as
exposing a fit patient to an unnecessary GA (this probability
corresponds to the underlying hypothesis of evaluating the
tests’ usefulness with sensitivity and specificity).

We compared the net benefit (NB) of frailty screening with
GA-for-all and GA-for-none approaches. The NB in terms of
true positives (TP; identified unfit patients) represented the
percentage of unfit individuals identified by the test if the
test’s false-positive rate was zero. NB in terms of true
negatives (avoided GAs in fit patients) represented the
percentage of fit individuals identified by the test if the test’s

false-negative (FN) rate was zero. Finally, the tradeoff
corresponded to the number needed to test to make the GA
worthwhile, given its additional cost.23

Sensitivity Analyses

We performed analyses of clinical stage, tumor type, and
age group. We performed analyses in which the criterion for
abnormal GA was two impaired domains rather than one.
We also used an alternative definition of abnormal GA, as
described by Martinez-Tapia et al.24 This definition in-
cluded recommendations issued by physicians in four
clinically relevant domains: nutritional, home, neuro-
psychologic, and social support. Prescription of recom-
mendations in at least one of the four domains defined an
abnormal GA. We compared the geriatric and demographic
characteristics of FN and TP patients of the G8 and the
modified G8 scores. Finally, we performed pooled analyses
of published data for the Vulnerable Elders Survey-13
(VES-13),25-27 Flemish version of the Triage Risk Screen-
ing Tool (fTRST),28 Cardiovascular Health Study (CHS) in-
strument,27 and Senior Adult Oncology Program 2 (SAOP2).29

See the Data Supplement for a description of these tools
(online only). All statistical analyses were performed using the
Stata software (version 14.2, Stata Corp, College Station, TX).

RESULTS

Participants

Between February 2007, and December 2019, 2,168
outpatients with breast cancer (n 5 1,059 [49%]),

ELCAPA outpatients with cancer from 
February 2007-December 2019 

(N = 2,168)

Missing data preventing geriatric assessment
(n = 180)

Patients with a complete data set for geriatric
assessment
(n = 1,988)

Missing data preventing use of the screening
tools

(n = 340)

G8 score
(n = 112)

Modified G8 score
(n = 31)

G8 and modified G8 scores
(n = 197)

Total No. of eligible patients
(n = 1,648)

FIG 1. Flow diagram of participants and available data.
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colorectal cancer (n 5 507 [23%]), prostate cancer
(n 5 348 [16%]), and lung cancer (n 5 254 [12%]) were
included in the ELCAPA study. Complete data sets were
available for 1,648 patients (76%; Fig 1). The median
(interquartile range [IQR]) age was 81 (77-85) years, 1,067
patients (65%) were females, 559 (34%) had metastatic
disease, and 1,428 (87%) were unfit. CIRS-G grade 3 or
grade 4 comorbidities were the most common impaired
domains (58%). For G8, the median (IQR) score was 12
points (10-14), and 1,308 patients (79%) were considered
unfit. For the modified G8, the median (IQR) score was 14
points (6-22), and 1,309 patients (79%) were considered
unfit. The other characteristics of the study population are
summarized in Appendix Table A1 (online only).

Excluded patients (n 5 520) were older (median age:
83 years, v 81 years for included patients) and were less
likely to have CIRS-G grade 3 or grade 4 comorbidities
(45% v 58%), an impaired Mini GDS (22% v 32%), an
impaired MNA (27% v 47%), an impaired G8 score
(67% v 79%), and an impaired modified G8 score
(63% v 79%).

Diagnostic Accuracy of Screening Tools for Identifying

Unfit Patients

The G8 score had a sensitivity of 85% (95% CI, 84 to 87), a
specificity of 59% (95% CI, 57 to 61), a PPV of 93%
(95% CI, 92 to 94), and an NPV of 38% (95% CI, 36 to 41).
The modified G8 score had a sensitivity of 86% (95%CI, 84

to 87), a specificity of 60% (95% CI, 58 to 63), a PPV of
93% (92 to 95), and an NPV of 39% (95% CI, 37 to 42).

DCA

For the G8 and modified G8 scores, NB at a threshold
probability of 0.25 (odds of 1:3) was 0.72. This result
equates to screening 72 patients per 100 with the G8 score,
all of whom were found to be unfit. The GA-for-all strategy
yielded an NB of 0.82. At a threshold probability of 0.33, the
NB for the G8, modified G8 score, and GA-for-all ap-
proaches were 0.71, 0.72, and 0.80, respectively. With a
threshold probability of 0.50, the NB were 0.68 for G8, 0.69
for modified G8, and 0.73 for the GA-for-all strategy, re-
spectively. The NB data are shown in Figure 2.

We observed negative values when calculating the ability of
the screening tools to avoid GAs in fit patients. These negative
values represent the number of unfit patients lost if screening
was used to decidewho should undergoGA. For theG8 score,
the numbers of lost patients at probabilities of 0.25, 0.33, and
0.50 were 27, 18, and 5, respectively; for the modified G8
score, they were 26, 17, and 4, respectively (Table 1).

Sensitivity Analyses

At probabilities under 0.5, neither of the scores showed
NBs over GA, regardless of the tumor type, clinical stage, or
age group (Appendix Tables A2 and A3, online only). When
using the alternative definition of abnormal GA (according
to Martinez Tapia et al24), we did not observe NBs for
screening over GA. When applying a GA cutoff of two
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FIG 2. Decision curve for the NB of three different strategies (relative to not doing GA for any patient), with
different threshold probabilities. The odds of 1:3 and 1:2 mean that missing an unfit patient is, respectively,
three and two times as bad as exposing a fit patient to an unnecessary GA. The odds of 1:1 mean missing an
unfit patient is the same as exposing a fit patient to an unnecessary GA. The NB represents the number of
patients (per 100) who will be found to be unfit using a given frailty screening tool. G8, G8 Geriatric Screening
Tool; GA, geriatric assessment; NB, net benefit.
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impaired domains, both scores showed favorable NBs at
threshold probabilities under 0.5 (Table 1).

Compared with FNs, TPs for G8 were more likely to have
impaired results in all GA domains, except for CIRS-G grade
3 or grade 4 comorbidities. For the modified G8, TPs were
more likely to have impaired results in all GA domains,
except for Mini-Mental State Examination and MiniGDS.
See Appendix Table A4 (online only).

At threshold probabilities under 0.5, only SAOP2 (cutoff
of $ 3 impaired domains in GA) showed a benefit for
identifying unfit patients and reducing unnecessary GAs in
fit patients (Table 2).

DISCUSSION

In the DCA of an outpatient population of older patients with
prostate, breast, colorectal, or lung cancer, despite the

TABLE 1. Diagnostic Accuracy and Net Benefit for Detecting Unfit Patients and Avoiding Unnecessary GA in Fit Patients for the G8 and the Modified G8
Scores, Using One- and Two-Abnormal-Domain Cutoffs and an Alternative Definition for an Abnormal GA
Result One-Abnormal-Domain Cutoff Two-Abnormal-Domain Cutoff Alternative Abnormal GA Definition

No. with full data sets (%) 1,648 (100) 1,648 (100) 1,648 (100)

Prevalence of an abnormal GA, No. (%) 1,428 (87) 1,067 (65) 1,234 (75)

Result G8 Score Modified G8 Score G8 Score Modified G8 Score G8 Score Modified G8 Score

TP, No. 1,218 1,222 989 985 1,055 1,069

False positives, No. 90 87 319 324 253 240

Sensitivity, % (95% CI) 85 (84 to 87) 86 (84 to 87) 93 (91 to 94) 92 (91 to 94) 85 (84 to 87) 87 (85 to 88)

Specificity, % (95% CI) 59 (57 to 61) 60 (58 to 63) 45 (43 to 48) 44 (42 to 47) 39 (37 to 41) 42 (40 to 44)

PPV, % (95% CI) 93 (92 to 94) 93 (92 to 95) 76 (74 to 78) 75 (73 to 77) 81 (79 to 83) 82 (80 to 84)

NPV, % (95% CI) 38 (36 to 41) 39 (37 to 42) 77 (75 to 79) 76 (74 to 78) 47 (45 to 50) 51 (49 to 54)

Probability threshold of 0.25 (odds 1:3)

NB of screening 0.72 0.72 0.54 0.53 0.59 0.6

NB of GA 0.82 0.82 0.53 0.53 0.67 0.67

NB differencea –0.10 –0.10 0.01 0.00 –0.08 –0.07

Avoided unnecessary GA (No.)b,c –27 –26 2 1 –23 –20

Tradeoff (No.) 10 10 d d 13 15

Probability threshold of 0.33 (odds 1:2)

NB of screening 0.71 0.72 0.50 0.50 0.56 0.58

NB of GA 0.80 0.80 0.47 0.47 0.62 0.62

NB differencea –0.09 –0.08 0.03 0.03 –0.06 –0.05

Avoided unnecessary GA (No.)b,c –18 –17 6 6 –12 –9

Tradeoff (No.) 11 12 d d 17 25

Probability threshold of 0.5 (odds 1:1)

NB of screening 0.68 0.69 0.41 0.40 0.49 0.5

NB of GA 0.73 0.73 0.29 0.29 0.5 0.49

NB differencea –0.05 –0.04 0.11 0.11 –0.14 –0.01

Avoided unnecessary GA (No.)b,c –5 –4 11 11 –1 0.55

Tradeoff (No.) 21 23 d d 92 d

NOTE. The odds of 1:3 and 1:2 mean that missing an unfit patient is, respectively, three and two times as bad as exposing a fit patient to an unnecessary
GA. The odds of 1:1 mean missing an unfit patient is the same as exposing a fit patient to an unnecessary GA.
Abbreviations: G8, G8 Geriatric Screening Tool; GA, geriatric assessment; NB, net benefit; NPV, negative predictive value; PPV, positive predictive value;

TP, true positives.
aNegative NB differences mean that screening has no benefit over a GA-for-all approach.
bNumber per 100 patients.
cNegative values represent the number of unfit patients lost if screening is used to decide who should undergo GA.
dThe tradeoff is not reported as the NB difference favors screening.
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good diagnostic accuracy of screening tools, we did not
observe any NBs of two-step frailty screening over a one-
step, GA-for-all strategy.

In our study, the sensitivity and specificity of G8 andmodified
G8 (85% and 59%; and 86% and 60%, respectively) co-
incided with those reported in development studies (85%
and 57%20; and 89% and 79%,21 respectively). Only the
specificity of the modified G8 was lower in our study, but in
contrast to the study by Martinez-Tapia et al,21 we included
only outpatients. Similar to other studies, we observed var-
iations in thesemeasures across tumor types, clinical stages,
and age groups.25,30,31

High sensitivity is considered the most relevant parameter
for identifying unfit patients at risk for adverse outcomes.
High specificity is required to limit the number of fit patients

who undergo unnecessary GA.9 However, we showed that
these parameters do not necessarily translate into better
decisions, thus reinforcing the argument that accuracy
measures play a limited role in test implementation in
clinical practice.

In our study, the prevalence of unfit patients with at least
one impaired GA domain was 87%. Other studies have
reported similar results, with a median unfit patient prev-
alence (IQR) of 88% (87-94).20,21,25,32,33 When we applied
an alternative definition (on the basis of the prescription of
geriatric interventions), the prevalence was 75%. We did
not observe an NB for screening in these settings relative to
the GA. When we applied a cutoff of two impaired GA
domains, the prevalence of unfit patients was lower (65%).
Several studies have explored this cutoff for defining unfit

TABLE 2. Diagnostic Accuracy and NB for Detecting Unfit Patients and Avoiding Unnecessary GA in Fit Patients, Using the Various Frailty Screening Tools

Result

VES-13

Pooled results

fTRST CHS SAOP2d

Soubeyran25 Luciani26 Biganzoli27 Kenis28 Biganzoli27 Russo29

No. with full data sets 1,435 419 259 704 937 259 282

Prevalence of an abnormal GA, No. (%) 1,151 (80) 119 (28) 171 (66) 480 (58) 693 (74) 171 (66) 175(62)

Sensitivity, 95% CI 0 to 69 0 to 87 0 to 62 0 to 73 0 to 91 0 to 87 0 to 94

Specificity, 95% CI 0 to 74 0 to 62 0 to 81 0 to 72 0 to 42 0 to 49 0 to 47

Probability threshold of 0.25 (odds 1:3)

NB of screening 0.53 0.15 0.39 0.38 0.62 0.52 0.52

NB of GA 0.74 0.05 0.55 0.58 0.65 0.55 0.50

NB differencea –0.21 0.11 –0.16 –0.19 –0.03 –0.03 0.02

Avoided unnecessary GA (No.)b,c –64 32 –48 –59 –9 –9 6

Tradeoff (No.) 5 e 6 5 33 32 e

Probability threshold of 0.33 (odds 1:2)

NB of screening 0.53 0.11 0.38 0.34 0.60 0.49 0.48

NB of GA 0.70 –0.07 0.49 0.37 0.61 0.49 0.43

NB differencea –0.18 0.18 –0.11 –0.04 –0.01 0.00 0.05

Avoided unnecessary GA (No.)b,c –35 36 –23 –7 –2 0 10

Tradeoff (No.) 6 e 9 27 83 400 e

Probability threshold of 0.5 (odds 1:1)

NB of screening 0.50 –0.03 0.34 0.31 0.52 0.40 0.38

NB of GA 0.60 –0.43 0.32 0.36 0.48 0.32 0.24

NB differencea –0.10 0.40 0.02 –0.06 0.04 0.08 0.14

Avoided unnecessary GA (No.)b,c –10 40 2 –6 4 8 14

Tradeoff (No.) 10 e e 17 e e e

NOTE. The odds of 1:3 and 1:2 mean that missing an unfit patient is, respectively, three and two times as bad as exposing a fit patient to an unnecessary
GA. The odds of 1:1 mean missing an unfit patient is the same as exposing a fit patient to an unnecessary GA.
Abbreviations: CHS, Cardiovascular Health Study (CHS) instrument; fTRST, Flemish version of the Triage Risk Screening Tool; GA, geriatric assessment;

NB, net benefit; SAOP2, Senior Adult Oncology Program 2; VES-13, Vulnerable Elders Survey-13.
aNegative NB differences mean that screening has no benefit over a GA-for-all approach.
bNumber per 100 patients.
cNegative values represent the number of unfit patients lost if screening is used to decide who should undergo GA.
dThe cutoff for defining unfit patients was the existence of $ 3 impaired domains in GA.
eThe tradeoff is not reported as the NB difference favors screening.
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patients.25,26,28 Russo et al29 used a cutoff of $ 3 impaired
domains in GA to define an unfit patient when evaluating
the SOAP2. In settings using higher cutoffs, we observed
NB of screening over GA. However, these results can be
explained by the decrease in prevalence and increased
NPV produced by increasing the number of impaired do-
mains defining an unfit patient. Although this approach
would allow for the identification of the frailest patients, this
strategy would rule out GA in many unfit patients who might
benefit from targeted interventions.

This study has some limitations. First, we only analyzed
patients with complete data sets. However, our study’s
unfit patient prevalence and diagnostic accuracy results
are consistent with those reported in the literature. Sec-
ond, our population was relatively old (median age:
81 years), so collecting information on younger patients
might have been more valuable. However, our sensitivity
analyses produced similar results for the various age
groups. Third, our data came solely from centers with
expertise in geriatric oncology. It would have been in-
teresting to analyze data from primary or secondary care
centers, where the prevalence of unfit patients would be
lower. However, studies with a lower prevalence of unfit
patients have reported similar results.25,27,28 In addition,
the prevalence of unfit adults age $ 70 years in the
general population is estimated to be 71%.34 Fourth, the
choice of evaluation tools, the number of GA domains to
be assessed, and the definition of an unfit patient are still
subject to debate. Thus, our results apply to screening
tools with the same cutoffs and domains as those studied
here. Finally, there is no consensus regarding the
threshold probabilities to use. However, we used rea-
sonable threshold probabilities (under 0.5) because those
above 0.5 mean that exposing a fit patient to an unnec-
essary GA is worse than missing an unfit patient.

Our study had some strengths. In particular, we used DCA
to directly assess the clinical value of frailty screening using
robust, externally validated tools and four of the most
frequent types of cancer in older patients.

Our findings suggest that performing GA in all patients
(irrespective of frailty screening results) is the most rea-
sonable approach in populations with a high prevalence of
unfit individuals. Performing GA on all patients would lead
to better decisions and provide the highest benefits if there
was a high degree of concern about unfit patients. In
addition, performing GA in at least 10 patients would make
it worthwhile compared with screening, given its additional
costs. However, this tradeoff could be considered high,
especially in centers that cannot perform GA. Hence, a
time- and resource-saving strategy such as screening is
desirable. Nevertheless, direct diagnostic procedures are

recommended in high-prevalence settings, as appears to
be the case for unfit older patients with cancer.35

Although the NBs of GA are higher than those of screening,
unfit patients identified by screening would also benefit from
GA, which is better than usual care according to two recent
randomized controlled trials.5,6 Additionally, screening can
(1) create a framework for the evaluation of older patients
with cancer in a busy practice, (2) raise awareness of the
importance of GA among physicians, and (3) stimulate
discussions about the choice of cancer treatments.36

Although accuracy measures do not provide insight into
implementing tests in clinical practice or making better
decisions, most research papers regarding diagnostic tests
or predictive models published in the Journal of Clinical
Oncology, and other similar journals, report only these
performance measures without evaluating clinical utility. In
geriatric oncology, for instance, several frailty classifica-
tions37 and predictive tools for chemotherapy toxicity
exist38,39; some are recommended in practice guidelines,7,13

whereas others are used in practice. In addition to calibration
and discrimination, no study evaluating these tools assessed
their clinical usefulness. Moreover, none of the 17 studies
included in the most recent systematic review of frailty
screening tools10 evaluated the usefulness of these tools.
Therefore, it is hard to know whether using those tests or
models is of clinical value or justifies its implementation in
clinical practice. As suggested by previous editorials in
Journal of Clinical Oncology,40,41 researchers should eval-
uate the clinical value (eg, using NB approaches) when
developing instruments for decision making.

Furthermore, the number, domains, and instruments
assessed in a GA differ in their importance for cancer
outcomes (eg, toxicity, quality of life, or survival).42

Therefore, a more comprehensive definition of an abnor-
mal GA is required—perhaps by assigning different weights
to various impaired dimensions. In addition, screening tools
do not capture all GA domains. Hence, improvements in
the identification of impairments in missed domains are
desirable. However, when developing decision-making
tools, researchers must consider the trade between gain-
ing information and making better decisions, as a good
decision tool leads to the best decisions with as little in-
formation as possible.

In conclusion, despite the good diagnostic accuracy of
screening tools, frailty screening did not provide a benefit
over a GA-for-all approach for detecting unfit patients or
avoiding GA in fit patients. Optimizing current frailty as-
sessment strategies and evaluating their usefulness with
NB approaches is necessary to improve decision making
for older patients with cancer in busy practices with limited
human resources.
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APPENDIX

TABLE A1. Demographic and Clinical Characteristics of the Study
Participants
Characteristic (n 5 1,648)

Patients with full data sets, No. 1,648

Age, years, median (IQR) 81 (77-85)

Sex, No. (%)

Female 1,067 (65)

Male 581 (35)

GA tools

ADL score, points, median (IQR) 6 (6-6)

ADL score, No. (%)

Independent 1,634 (99)

Not independent (one or more
abnormal items)

11 (1)

Missing data 3 (, 1)

IADL score, points, median (IQR) 7 (4-8)

IADL score, No. (%)

Independent 728 (44)

Not independent (one or more
abnormal items)

873 (53)

Missing data 47 (3)

Cumulative Illness Rating
Scale-Geriatric grade 3 or 4
comorbidities, No. (%)

No 697 (42)

One or more comorbidities 949 (58)

Missing data 2 (, 1)

Mini Mental State Examination, No. (%)

Normal 1,071 (65)

23 points or less 304 (18)

Missing data 273 (17)

Mini Geriatric Depression Scale, No. (%)

Normal 1,068 (65)

One or more abnormal items 505 (31)

Missing data 75 (5)

Timed Up and Go test, No. (%)

20 seconds or less 1,117 (68)

More than 20 seconds 368 (22)

Missing data 163 (10)

Mini Nutritional Assessment, points,
median (IQR)

24 (21-26)

Mini Nutritional Assessment, No. (%)

More than 23.5 points 838 (51)

23.5 points or less 752 (46)

Missing data 58 (4)

(continued in next column)

TABLE A1. Demographic and Clinical Characteristics of the Study
Participants (continued)
Characteristic (n 5 1,648)

GA, No. (%)

Normal 220 (13)

At least 1 abnormal domain 1,428 (87)

Impaired domains, No. (%)

0 210 (13)

1 371 (23)

2 350 (21)

3 or more 717 (43)

G8 score items

Neuropsychologic problems, No. (%)

Severe dementia or depression 123 (7)

Mild dementia 518 (31)

No neuropsychologic problems 1,007 (61)

More than three prescription drugs per
day, No. (%)

Yes 1,174 (71)

No 474 (29)

Health status compared with other
people of the same age, No. (%)

Not as good 185 (11)

As good 487 (30)

Better 619 (38)

Does not know 357 (22)

Decrease in food intake, No. (%)

Severe 144 (9)

Moderate 441 (27)

No decrease 1,063 (65)

Weight loss, No. (%)

More than 3 kg 342 (21)

Not known 143 (9)

Between 1 and 3 kg 284 (17)

No weight loss 879 (53)

Mobility, No. (%)

Bed- or chair-bound 101 (6)

Able to get out of bed/chair but does
not go out

345 (21)

Goes out 1,202 (73)

Body mass index, No. (%)

Less than 19 kg/m2 103 (6)

Between 19 and 21 kg/m2 160 (10)

Not between 21-23 kg/m2 274 (17)

(continued on following page)
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TABLE A1. Demographic and Clinical Characteristics of the Study
Participants (continued)
Characteristic (n 5 1,648)

More than 23 kg/m2 1,111 (67)

Age, years, No. (%)

, 80 636 (39)

80-85 620 (38)

. 86 392 (24)

G8 score, points, median (IQR) 12 (10-14)

G8 score, No. (%)

More than 14 points 340 (21)

14 points or less 1,308 (79)

Modified G8 score items

Neuropsychologic problem, No. (%)

No neuropsychologic problem 1,007 (61)

Dementia or depression 641 (39)

More than six prescription drugs per
day, No. (%)

No 732 (44)

Yes 916 (56)

Health status compared with other
people of the same age, No. (%)

Does not know/as good/better 1,463 (89)

Not as good 185 (11)

Eastern Cooperative Oncology Group
performance status, No. (%)

0 358 (22)

1 636 (39)

2-4 654 (40)

Heart failure or coronary disease, No.
(%)

No 942 (57)

Yes 706 (43)

Weight loss, No. (%)

No weight loss 879 (53)

Between 1 and 3 kg 284 (17)

More than 3 kg or unknown 485 (29)

Modified G8 score, points, median (IQR) 14 (6-22)

Modified G8 score, No. (%)

, 6 points 339 (21)

6 points or more 1,309 (79)

Tumor-related characteristics

Tumor type, No. (%)

Prostate 254 (15)

Breast 849 (52)

(continued in next column)

TABLE A1. Demographic and Clinical Characteristics of the Study
Participants (continued)
Characteristic (n 5 1,648)

Colorectal 362 (22)

Lung 183 (11)

Node involvement, No. (%)

N0 804 (49)

N1 562 (34)

Nx 282 (17)

Clinical stage, No. (%)

Nonmetastatic 920 (56)

Metastatic 559 (34)

Mx 169 (10)

Abbreviations: ADL, activities of daily living; G8, G8 Geriatric
Screening Tool; GA, geriatric assessment; IADL, instrumental activities
of daily living; IQR, interquartile range; M, metastasis; N, node.
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TABLE A2. Diagnostic Accuracy and NB for Detecting Unfit Patients and Avoiding Unnecessary GA in Fit Patients for the G8 and the Modified G8 Scores
Result Prostate Breast Colorectal Lung

No. with full
data sets (%)

254 (15) 849 (52) 362 (22) 183 (11)

Prevalence of an
abnormal
GA, No. (%)

213 (84) 684 (81) 352 (97) 179 (98)

Result G8 Score
Modified G8

Score G8 Score
Modified G8

Score G8 Score
Modified G8

Score G8 Score
Modified G8

Score

TP, No. 161 188 586 555 312 312 159 167

False positives,
No.

12 12 68 67 6 6 4 2

Sensitivity
(95% CI)

76 (70 to 81) 88 (84 to 92) 86 (83 to 88) 81 (79 to 84) 89 (85 to 92) 89 (85 to 92) 89 (84 to 93) 93 (90 to 97)

Specificity
(95% CI)

71 (65 to 76) 71 (65 to 76) 59 (55 to 62) 59 (56 to 63) 40 (35 to 45) 40 (35 to 45) 0 (0 to 0) 50 (43 to 57)

PPV (95% CI) 93 (90 to 96) 94 (91 to 97) 90 (88 to 92) 89 (87 to 91) 98 (97 to 100) 98 (97 to 100) 98 (95 to 100) 99 (97 to 100)

NPV (95% CI) 36 (30 to 42) 54 (48 to 60) 50 (46 to 53) 43 (40 to 47) 9 (6 to 12) 9 (6 to 12) 0 (0 to 0) 14 (9 to 19)

Probability threshold of 0.25 (odds 1:3)

NB of screening 0.62 0.72 0.66 0.63 0.86 0.86 0.86 0.91

NB of GA 0.79 0.79 0.74 0.74 0.96 0.96 0.97 0.97

NB differencea –0.17 –0.06 –0.08 –0.11 –0.11 –0.11 –0.11 –0.06

Avoided
unnecessary
GA (No.)b,c

–51 –18 –24 –35 –32 –32 –33 –19

Tradeoff (No.) 6 16 13 9 9 9 9 16

Probability threshold of 0.33 (odds 1:2)

NB of screening 0.61 0.72 0.65 0.61 0.85 0.85 0.86 0.91

NB of GA 0.76 0.76 0.71 0.71 0.96 0.96 0.97 0.97

NB differencea –0.15 –0.04 –0.06 –0.09 –0.10 –0.10 –0.11 –0.06

Avoided
unnecessary
GA (No.)b,c

–30 –8 –12 –19 –21 –21 –22 –12

Tradeoff (No.) 7 24 17 11 10 10 9 17

Probability threshold of 0.5 (odds 1:1)

NB of screening 0.59 0.69 0.61 0.57 0.85 0.85 0.85 0.90

NB of GA 0.68 0.68 0.61 0.61 0.94 0.94 0.96 0.96

NB differencea –0.09 0.02 0.00 –0.04 –0.10 –0.10 –0.11 –0.05

Avoided
unnecessary
GA (No.)b,c

–9 2 0 –4 –10 –10 –11 –5

Tradeoff (No.) 11 d 849 27 10 10 9 18

NOTE. The data are presented by tumor type. The odds of 1:3 and 1:2 mean that missing an unfit patient is, respectively, three and two times as bad as
exposing a fit patient to an unnecessary GA. The odds of 1:1 mean missing an unfit patient is the same as exposing a fit patient to an unnecessary GA.
Abbreviations: G8, G8 Geriatric Screening Tool; GA, geriatric assessment; NB, net benefit; NPV, negative predictive value; PPV, positive predictive value;

TP, true positives.
aNegative NB differences mean that screening has no benefit over a GA-for-all approach.
bNumber per 100 patients.
cNegative values represent the number of unfit patients lost if screening is used to decide who should undergo GA.
dThe tradeoff is not reported as the NB difference favors screening.
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TABLE A3. Diagnostic Accuracy and NB for Detecting Unfit Patients and Avoiding Unnecessary GA in Fit Patients for the G8 and the Modified G8 Scores

Result

Clinical Stage Age Groups, years

M0 and Mx Metastatic < 80 80-90 > 90

No. with full data sets (%) 1,089 (66) 559 (34) 732 (44) 819 (50) 97 (6)

Prevalence of an abnormal GA,
No. (%)

900 (83) 528 (94) 599 (82) 735 (90) 94 (97)

Result G8 Score Modified G8 Score G8 Score Modified G8 Score G8 Score Modified G8 Score G8 Score Modified G8 Score G8 Score Modified G8 Score

TP, No. 763 753 455 469 445 486 681 649 92 87

False positives, No. 73 74 17 13 32 43 55 41 3 3

Sensitivity (95% CI) 85 (83 to 87) 84 (81 to 86) 86 (83 to 89) 89 (86 to 91) 74 (71 to 77) 81 (78 to 84) 93 (91 to 94) 88 (86 to 91) 98 (95 to 100) 93 (87 to 98)

Specificity (95% CI) 61 (58 to 64) 61 (58 to 63) 45 (41 to 49) 58 (54 to 62) 76 (73 to 79) 68 (64 to 71) 35 (31 to 38) 51 (48 to 55) 0 (0 to 0) 0 (0 to 0)

PPV (95% CI) 91 (90 to 93) 91 (89 to 93) 96 (95 to 98) 97 (96 to 99) 93 (91 to 95) 92 (90 to 94) 93 (91 to 94) 94 (92 to 96) 97 (93 to 100) 97 (93 to 100)

NPV (95% CI) 46 (43 to 49) 44 (41 to 47) 16 (13 to 19) 24 (20 to 27) 40 (36 to 43) 44 (41 to 48) 35 (32 to 38) 33 (30 to 37) 0 (0 to 0) 0 (0 to 0)

Probability threshold of 0.25 (odds 1:3)

NB of screening 0.68 0.67 0.80 0.83 0.59 0.64 0.81 0.78 0.94 0.89

NB of GA 0.77 0.77 0.93 0.93 0.76 0.76 0.86 0.86 0.96 0.96

NB differencea –0.09 –0.10 –0.12 –0.09 –0.16 –0.11 –0.05 –0.09 –0.02 –0.07

Avoided unnecessary GA (No.)b,c –27 –30 –36 –29 –50 –34 –15 –24 –6 –22

Tradeoff (No.) 11 10 8 11 6 8 20 13 50 14

Probability threshold of 0.33 (odds 1:2)

NB of screening 0.67 0.66 0.80 0.83 0.59 0.63 0.80 0.76 0.93 0.88

NB of GA 0.74 0.74 0.92 0.92 0.73 0.73 0.85 0.85 0.95 0.95

NB differencea –0.07 –0.08 –0.12 –0.09 –0.14 –0.09 –0.05 –0.09 –0.02 –0.07

Avoided unnecessary GA (No.)b,c –14 –16 –24 –18 –28 –19 –10 –18 –4 –14

Tradeoff (No.) 14 12 9 11 7 11 21 12 48 14

Probability threshold of 0.5 (odds 1:1)

NB of screening 0.63 0.62 0.78 0.82 0.56 0.61 0.77 0.74 0.92 0.87

NB of GA 0.65 0.65 0.89 0.89 0.64 0.64 0.79 0.79 0.94 0.94

NB differencea –0.02 –0.03 –0.11 –0.07 –0.07 –0.03 –0.02 –0.05 –0.02 –0.07

Avoided unnecessary GA (No.)b,c –2 –3 –11 –7 –7 –3 –2 –5 –2 –7

Tradeoff (No.) 52 34 10 14 14 32 44 19 49 14

NOTE. The data are presented by clinical stage and age group. The odds of 1:3 and 1:2 mean that missing an unfit patient is, respectively, three and two times as bad as exposing a fit patient to an
unnecessary GA. The odds of 1:1 mean missing an unfit patient is the same as exposing a fit patient to an unnecessary GA.

Abbreviations: G8, G8 Geriatric Screening Tool; GA, geriatric assessment; M0, nonmetastatic disease; M1, metastatic disease; Mx, no assessment of metastatic disease; NB, net benefit; NPV, negative
predictive value; PPV, positive predictive value; TP, true positives.

aNegative NB differences mean that screening has no benefit over a GA-for-all approach.
bNumber per 100 patients.
cNegative values represent the number of unfit patients lost if screening is used to decide who should undergo GA.
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TABLE A4. Demographic and Clinical Characteristics of TP and False-Negative Patients for the G8 and the Modified G8 Scores

Characteristic

G8 Score Modified G8

TP FN ORa (95% CI) P b TP FN ORa (95% CI) P b

No. with full data set 1,218 210 1,222 206

Age, years, No. (%)

, 80 445 (37) 154 (73) 1 , .001 486 (40) 113 (55) 1 , .001

81-90 681 (56) 54 (26) 4.36 (3.13 to 6.08) 649 (53) 86 (42) 1.75 (1.29 to 2.38)

. 90 92 (8) 2 (1) 15.92 (3.88 to 65.39) 87 (7) 7 (3) 2.89 (1.30 to 6.41)

Sex of participants, No. (%)

Male 435 (36) 96 (46) 1 .006 476 (39) 55 (27) 1 , .001

Female 783 (64) 114 (54) 1.52 (1.13 to 2.04) 746 (61) 151 (73) 0.57 (0.41 to 0.79)

ADL scores, No. (%)

Independent 1,075(88) 207(99) 1 , .001 1,080 (89) 202 (98) 1 , .001

Not independent (one or more
abnormal items)

140(12) 3(1) 8.99 (2.84 to 28.47) 139 (11) 4 (2) 6.50 (2.38 to 17.76)

IADL scores, No. (%)

Independent 397 (33) 123 (63) 1 , .001 382 (32) 138 (72) 1 , .001

Not independent (one or more
abnormal items)

790 (67) 73 (37) 3.35 (2.45 to 4.59) 808 (68) 55 (28) 5.31 (3.79 to 7.42)

Cumulative Illness Rating
Scale-Geriatric grade 3 or 4
comorbidities, No. (%)

No 397 (33) 80 (38) 1 .11 373 (31) 104 (51) 1 , .001

One or more comorbidities 820 (67) 129 (62) 1.28 (0.95 to 1.74) 849 (69) 100 (49) 2.37 (1.75 to 3.20)

Mini Mental State Examinations,
No. (%)

Normal 700 (72) 151 (82) 1 .007 719 (73) 132 (78) 1 .20

23 points or less 270 (28) 34 (18) 1.71 (1.15 to 2.55) 266 (27) 38 (22) 1.29 (0.87 to 1.89)

Mini Geriatric Depression Scales,
No. (%)

Normal 693 (61) 155 (75) 1 , .001 714 (62) 134 (67) 1 .20

One or more abnormal items 452 (39) 53 (25) 1.91 (1.37 to 2.66) 438 (38) 67 (33) 1.23 (0.89 to 1.68)

Mini Nutritional Assessments,
No. (%)

More than 23.5 points 418 (36) 200 (99) 1 , .001 444 (38) 174 (86) 1 , .001

23.5 or less 749 (64) 3 (1) 119.46 (37.96 to 375.88) 724 (62) 28 (14) 10.13 (6.68 to 15.36)

(continued on following page)
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TABLE A4. Demographic and Clinical Characteristics of TP and False-Negative Patients for the G8 and the Modified G8 Scores (continued)

Characteristic

G8 Score Modified G8

TP FN ORa (95% CI) P b TP FN ORa (95% CI) P b

Tumor types, No. (%)

Prostate 161 (13) 52 (25) 1 , .001 188 (15) 25 (12) 1 , .001

Breast 586 (48) 98 (47) 1.93 (1.32 to 2.82) 555 (45) 129 (63) 0.57 (0.36 to 0.91)

Colorectal 312 (26) 40 (19) 2.52 (1.60 to 3.97) 312 (26) 40 (19) 1.04 (0.61 to 1.76)

Lung 159 (13) 20 (10) 2.57 (1.47 to 4.50) 167 (14) 12 (6) 1.85 (0.90 to 3.80)

Nodal involvements, No. (%)

No 557 (56) 111 (60) 1 .31 554 (56) 114 (63) 1 .089

Yes 433 (44) 73 (40) 1.18 (0.86 to 1.63) 438 (44) 68 (37) 1.33 (0.96 to 1.84)

Clinical stages, No. (%)

Nonmetastatic 623 (58) 125 (63) 1 .16 616 (57) 132 (69) 1 .001

Metastatic 455 (42) 73 (37) 1.25 (0.91 to 1.71) 469 (43) 59 (31) 1.70 (1.23 to 2.37)

Abbreviations: ADL, activities of daily living; FN, false negatives; G8, G8 Geriatric Screening Tool; IADL, instrumental activities of daily living; OR, odds ratio; TP, true positives.
aOR for the probability of being a TP.
bChi-squared test.
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