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ARTICLE INFO ABSTRACT
Article history: Background: Comprehensive Geriatric Assessment (CGA) is the gold standard for detecting
Received 17 February 2020 frailty in elderly patients with cancer. Since CGA is time- and resource-consuming, many
Accepted 5 March 2021 alternative frailty screening tools have been developed; however, it remains unknown
Available online 10 March 2021 whether these tools are suitable for older and adult patients with cancer. Therefore, we
used the data collected for a large longitudinal study to compare the diagnostic perfor-
Keywords: mances of two frailty screening tools (Geriatric 8 [G8] and Flemish version of the Triage Risk
Cancer Screening Tool [fTRST]) to identify frailty risk profile among patients with cancer.
Frailty Methods: Patients aged >20 years with newly diagnosed cancer were enrolled. Frailty
Performance screening with G8, fTRST, and CGA were performed before anti-cancer treatment. Diag-
Screening tools nostic characteristics obtained using G8 and fTRST were analyzed by C-index, and the

validity of G8 and fTRST was also determined.

Results: 40.9% of the 755 patients with cancer displayed frailty on CGA. Both G8 and fTRST
showed high sensitivity (80.6—88.4%) and negative predictive value (81.0—81.2%). The C-
index of G8 was higher than that of fTRST (0.77 vs 0.71, p = .01). Moreover, the best G8 and
fTRST cut-off points were <13 and > 2, respectively. The validities of G8 and fTRST were
also confirmed; however, frailty age differences were not observed in our study.
Conclusion: Frailty is a common problem for patients with cancer, and routine frailty
screening is essential for both older and adult patients. G8 and fTRST are simple and useful
frailty screening tools, while G8 is more suitable than fTRST for Taiwanese patients with
cancer.
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At a glance commentary
Scientific background on the subject

Frailty refers to the decline in reserve capacities of
multiple systems (physiology, cognition, nutrition, social
support, and psychology), which makes individuals fail
to maintain homeostasis in the face of stressors. The
early assessment of frailty can serve

What this study adds to the field

Previous studies on frailty and screening tools were
mainly designed for the elderly population, and
screening tool recommendations have been inconsis-
tent. However, non-elderly populations have also expe-
rienced frailty. Therefore, our study is the first to applyG8
and fTRST to both elderly and non-elderly patient with
various cancer types.

In 2012, the World Health Organization reported that 14.1
million patients were newly diagnosed with cancer, with an
increase of 1.4 million patients from 2008. The prevalence of
cancer has increased yearly, and the number of patients with
newly diagnosed cancer is predicted to increase by 70% in 20
years [1,2]. Therefore, an increasing number of patients
require anti-cancer treatments. However, not all patients are
able to bear the physical burdens that are caused by cancer
treatments. Previous studies have indicated that frailty can be
used to predict the prevalence of postoperative complications
[3], mortality [4], and quality of life [4] of patients with cancer.
The early assessment of frailty can also serve as a reference
for treatment-related decision-making.

Frailty refers to the decline in reserve capacities of multiple
systems (physiology, cognition, nutrition, social support, and
psychology), which makes individuals fail to maintain ho-
meostasis in the face of stressors [5—8]. Many international
academic associations (e.g., National Comprehensive Cancer
Network [NCCN] and International Society of Geriatric
Oncology [SIOG]) have indicated that the Comprehensive
Geriatric Assessment (CGA) is the gold standard for assessing
frailty and helps us to objectively understand the health
condition of various systems in elderly patients with cancer
[9,10]. Our previous study indicated frailty was common in
patients with primary head and neck cancer and was inde-
pendently associated with poor survival, high treatment-
related complications, and severe adverse events of concur-
rent chemoradiotherapy [11]. Nevertheless, it is time- and
resource-consuming to perform CGA, and those that assess
CGA must receive professional geriatric training as well.
Therefore, in order to strengthen the clinical use of frailty
indicators, many frailty screening tools have been developed,
including Geriatric 8 (G8) [12], Flemish version of the Triage
Risk Screening Tool (fTRST) [13], and Abbreviated

Comprehensive Geriatric Assessment (aCGA) [14]. Hopefully,
clinicians will be able to efficiently use conventional screening
tools to assess frailty in the future.

Many studies have compared the diagnostic characteristic
of frailty screening tools [8,15—18]. However, screening tool
recommendations have been inconsistent. Previous studies on
frailty and screening tools have mainly been designed for the
elderly population. However, non-elderly populations have also
experienced frailty [19,20]. To date, no study has investigated
frailty in both elderly and non-elderly patients with various
cancer types. Therefore, our study aimed to test the perfor-
mance and validity of G8 and fTRST for frailty screening in
elderly and non-elderly patients with cancer in Taiwan.

Materials and methods
Patient population and data collection

Our study is part of a large longitudinal study that investigated
factors affecting the frailty of patients with cancer in Taiwan
and the correlation of these factors with the occurrence of
severe complications. Data were collected from three hospi-
tals in Taiwan, with a total of four data collection points. For
the purpose of our study, we used only baseline data to
investigate the performance of G8 and fTRST in patients with
cancer. We used convenience sampling, and the inclusion
criteria were as follows: (1) patients >20 years of age; (2) out-
patients or inpatients who were diagnosed with cancer by
clinical physicians and scheduled for high-intensity anti-
cancer treatments within two weeks (radical surgery, adju-
vant chemotherapy, or concurrent chemoradiotherapy
[CCRT]); (3) patients who are conscious and can communicate
in Mandarin or Taiwanese. The exclusion criteria were as
follows: (1) patients with cognitive impairments, who are
unable to complete the questionnaires; (2) patients who did
not receive treatment with a curative purpose (e.g., palliative
chemotherapy or radiotherapy) or had distant metastases.
Our study was approved by the institutional review board of
the study site (No: 1608080002). We obtained informed con-
sent from all patients before the interviews. All patients with
cancer completed the frailty questionnaires (G8, fTRST, and
CGA) with the assistances of the first author (SY Chen) and a
trained research assistant before receiving anti-cancer treat-
ment. The average assessment time was 30 min (2 min for G8,
2 min for fTRST, and 26 min for CGA).

Frailty screening tools (G8 and fTRST)

The G8 was developed by Soubeyran et al. [12] and has been
used to assess the risk of frailty in elderly patients with cancer
[18,21]. This screening tool contains seven items and the total
score is O (heavily impaired) to 17 (not at all impaired) points.
The score <14 is considered abnormal and indicates a frailty
risk profile [18,21].

The TRST was developed by Meldon et al. and has been
used to assess the risk of being unable to be discharged from
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the emergency room [13,22]. The research team of the Uni-
versity Hospitals Leuven partially modified the TRST to the
fTRST, which evaluates the frailty risk profile of elderly pa-
tients [23]. This screening tool includes a total of five items,
and the total score is 0—6 points. Within the oncologic popu-
lation, the score >1 is considered to represent a frailty risk
profile [23,24]. Both G8 and fTRST cut-off scores were taken
into account in our study.

CGA

CGA is the gold standard tool for assessing frailty in elderly
patients [9,10]. Since no comprehensive measurement tool was
developed to assess frailty in the non-elderly population, CGA
has been chosen to assess frailty in non-elderly population [11].
Therefore, we used CGA as the measurement tool for assessing
frailty in both elderly and non-elderly patients in our study. In
past studies, CGA mainly included five dimensions. Patients
with >2 impaired dimensions were considered as patients with
frailty [25,26]. Specifically, the CGA was used to define which
patients had a frailty risk profile, over five dimensions (func-
tional status, nutrition, comorbidity, mobility/falls, and poly-
pharmacy), and patients who exhibited impairments in >2
domains within the CGA were defined as patients with frailty.
The assessment tools and cut-off standards of various di-
mensions are shown in [Table 1].

Statistical analysis

Data analyses were performed using SPSS 22.0 statistical
software package (SPSS, Armonk, NY: IBM Corp) and a p-value
<0.05 was considered statistically significant. The ROC curve
was used to detect diagnostic characteristics of G8 and fTRST.
CGA was the comprehensive tool for diagnosing frailty and for
comparing the sensitivity, specificity, positive predictive value
(PPV), negative predictive value (NPV), Youden index [32], and
C-index [33] of G8 and fTRST. In general, a C-index >0.7 was
deemed acceptable for discriminating frailty [34].

Our study used logistic regression and multiple regression
to establish the validity of screening tools. Construct validity
was used to investigate the effects of ECOG and age on frailty.
Previous studies indicated that impaired functional status and
elderly always with high level of frailty [35,36], thus we divided
ECOG (0 vs > 1 points) and age (<65 and > 65 year) into two
groups for known groups comparison. The significant vari-
ables in the univariate analysis were set as control variables

for multiple regression analysis, and we subsequently detec-
ted the effects of ECOG and age on frailty.

Results
Analysis of patient demographic and clinical characteristics

Seven hundred and fifty-five patients with cancer were
enrolled in our study. The mean age was 63.3 + 12.2 years, and
418 (55.4%) patients were over the age of 65. Most of the pa-
tients were male (71%) and married (75.4%). Head and neck
cancer was the most general diagnosis (50.3%), followed by
colorectal cancer (20.0%). Moreover, 28.5% of the patients were
diagnosed with stage III cancer, and 33.0% of the patients were
of stage IV. For ECOG, 59.6% of the patients had a score of
0 point. Most of the patients had chronic comorbidities
(59.1%). Relevant demographic and clinical characteristics are
shown in [Table 2].

Prevalence of frailty in overall, elderly, and non-elderly
patients as per CGA and two other screening tools

A frailty risk profile, determined by CGA, was present in 40.9%
of the overall patient population, and 47.6% and 32.6% of the
elderly (>65) and non-elderly (<65) patients, respectively.
With respect to the different screening tools, the prevalence of
frailty, as determined by G8 (<14), was 57.7% in the patient
population, and 55.5% and 60.5% in elderly and non-elderly
patients, respectively. The prevalence of frailty, as deter-
mined by fTRST (>1), was 75.0% in the overall patient popu-
lation, and 78.1% and 71.2% in elderly and non-elderly
patients, respectively.

Diagnostic characteristics and C-index of G8 and fTRST

High sensitivities (80.6% and 88.4%) and NPVs (81.2% and
81.0%) were found for both G8 (<14) and fTRST (>1). However,
the C-index of G8 was higher than that of fTRST (0.77 vs 0.71,
p = .01). According to the Youden index, our study found that
the best cut-off for G8 was <13 points (Youden index = 0.404),
which had a sensitivity of 68.4% and NPV of 78.6%, and the
best cut-off for fTRST was >2 points (Youden index = 0.337),
which had a sensitivity of 65.5% and NPV of 74.2% [Table 3]
and [Fig. 1].

Table 1 Measures of CGA.

Frailty domain Measures No items Score range Cut-off value
Functional status Barthel index (ADL) [27] 10 0-100 <100
Lawton scale (IADL) [28] 8 0-8 >7
Nutrition MNA-SF [29] 6 0-14 <11
Comorbidity CCI-Q [30] 17 0-33 >3
Mobility/Falls Number of falls [14] 1 0-c0 >2
Polypharmacy Number of medications [9,31] 1 0-c0 >5

Abbreviations: ADL: activities of daily living; CCI-Q: Charlson comorbidity Index-Quan; IADL: instrumental activities of daily living; MNA-SF:

mini nutritional assessment-short form.
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Table 2 Patient demographic and clinical characteristic (N = 755).

Demographic and clinical characteristic N % t/F
G8 fTRST
Age (mean + SD) 63.3 +£12.2
>65y 418 55.4 —2.41* —4.84%%**
<65y 337 44.6
Gender
Male 536 71.0 —0.29 —2.31*
Female 219 29.0
Marital status
Married 569 75.4 2.40* —2.75*%*
Other 186 24.6
Education
Primary 297 39.3 7.33%* 2.83
Junior/Senior high 419 55.5
College/Master 39 5.2
Cancer type
Colorectal 151 20.0 4.96%** 4.35%**
Head & Neck 380 50.3
Liver 37 4.9
Breast 48 6.4
Gastric 50 6.6
Non-Hodgkin Lymphoma 32 4.2
Other 57 7.5
Cancer stage
Stage I 97 12.8 8.02%** 1.76
Stage II 194 25.7
Stage III 215 28.5
Stage IV 249 33.0
ECOG
Score =0 450 59.6 9.94**x* —4.24%**
Score>1 305 40.4
Comorbidity
Yes 446 59.1 —0.44 —5.09%**
No 309 40.9

*p < .05 **p < .01 ***p < .001.

Validity of G8 and fTRST

Our study used CGA as the comprehensive tool for frailty
assessment, and found that both G8 (Wald’ syx? = 127.80,
p < .001) and fTRST (Wald’ sy? = 94.22, p < .001) significantly
correlated with CGA, which supports the convergent validity
of G8 and fTRST. By using known groups comparison, we
found that there were significant differences in G8 (AR? = 0.06,
p < .001) and fTRST (AR? = 0.02, p < .001) scores among
different ECOG scores (>1 vs 0 point). A higher ECOG score
(poorer physical activity) indicates a higher frailty [Table 4];
however, age did not have a significant influence on both G8
(AR? = 0.00, p = .999) and fTRST (AR* = 0.00, p = .397) scores
[Table 5].

Comparison of G8 and fTRST performance between patients
with or without head and neck cancer (HNC)

As patients with HNC accounted for more than 50% of our
subjects, we divided the entire patient cohort into HNC and
non-HNC groups to evaluate the performance of G8 and
fTRST. No significant differences were found in the C-index of

G8 and fTRST between HNC and non-HNC groups (G8: 0.77 vs.
0.80, p = 0.41; fTRST: 0.73 vs. 0.68, p = 0.23) (Supplementary
Fig. 1 & Fig. 2).

Discussion

Our study investigated the diagnostic characteristics and
validities of G8 and fTRST in patients with cancer and
compared them to a frailty risk profile according to the CGA.
The prevalence of frailty in the patients with cancer who were
enrolled in our study was 40.9% (CGA). Handforth et al. [26]
reviewed 16 studies of frailty in elderly patients and discov-
ered that the mean prevalence of frailty was 43%, which is
similar to that in our study. Apart from the elderly population,
our study also enrolled a non-elderly population, to accen-
tuate the fact that frailty is also universal in non-elderly pa-
tients with cancer (32.6%) and to remind our readers that
clinical frailty assessments should be performed on both
elderly and non-elderly patients. Our study is the first to apply
G8 and fTRST to both elderly and non-elderly patients with
cancer. Previous studies have mainly focused on elderly
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Table 4 The Effect of ECOG on G8 and fTRST (Construct Validity) (N = 755).

Predictor Unstandardized coefficient 95% CI for B p
B SE Lower limit Upper limit
G8
ECOG Score = 0?2 -
Score>1 —-1.61 0.21 —2.02 —1.20 0.000
F 11.78%%x*
Adjusted R? 0.20
AF 59.55%**
AR? 0.06
fTRST
ECOG Score = 0? -
Score> 1 0.40 0.10 0.22 0.59 0.000
F 5.02%%**
Adjusted R? 0.08
AF 17.94% %%
AR? 0.02
***p < .001.

Adjust (G8): age, marital status, education, cancer type, cancer stage. Adjust (fTRST): age, gender, marital status, cancer type, comorbidity. *:

reference group.
Abbreviation: SE: standard error.

patients with cancer (C-index = 0.71-0.77). Although the G8
cut-off point that has been recommended by scholars was <14
[18,21], and that of fTRST was >1 [16,23,24], our study found
that the best cut-off point of G8 for patients with cancer in
Taiwan should be decreased to <13, and that of fTRST should
be increased to >2. Such differences may be caused by the fact
that the cut-off points that were recommended by past
studies were for elderly patients with cancer [16,18,21,23],
most of whom were in advanced stages or received palliative
care [16,21] and had a high prevalence of frailty (71-83%).
Therefore, the cut-off points for both tools should be modified
to be stricter than the currently used standards. In addition to
elderly patients with cancer, our study also enrolled non-
elderly patients with cancer and excluded those receiving

palliative care. Therefore, the prevalence of frailty in our
investigation is lower than that in past studies, and the best
cut-off point that we recommend based on our study also
differs from the recommendations of prior studies. For the
assessments of screening tools, sensitivity and NPV are the
most important indicators [37]. If the best cut-off points for G8
and fTRST that were recommended by our study are used (G8
<13; fTRST >2), both the sensitivity (68.4% vs 65.5%) and the
NPV (76.8% vs 74.2%) of G8 are higher than those of fTRST.
Furthermore, the C-index of G8 is also significantly higher
than that of fTRST. Therefore, compared with fTRST, G8 is
more suitable for patients with cancer in Taiwan. The reason
for the differences in the two screening tools may be because
G8 was developed based on the Mini Nutritional Assessment

Table 5 The Effects of Age on G8 and fTRST (Construct Validity) (N = 755).

Predictor Unstandardized coefficient 95% CI for B D
B SE Lower limit Upper limit
G8
age Non-elderly® =
Elderly 0.00 0.35 —0.68 0.68 0.999
F 11.78%**
Adjusted R? 0.20
AF 0.00
AR? 0.00
fTRST
age Non-elderly® -
Elderly 0.14 0.16 -0.18 0.46 0.397
F 5.02%**
Adjusted R? 0.08
AF 0.72
AR? 0.00
wxkp < 001

Adjust (G8): marital status, education, cancer type, cancer stage, ECOG. Adjust (fTRST): gender, marital status, cancer type, ECOG, comorbidity. ®:

reference group.
Abbreviation: SE: standard error.
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and 50.3% of the participants in our study had head and neck
cancer and more likely had a malnourished status. However,
G8 was originally designed for elderly patients with cancer. To
expand the use of G8 to non-elderly populations, we advise for
the scoring standards of some of the items to be modified.
Taking item 8 for example, the score of both patients’ <65
years of age and patients 65—79 years of age was 2, and as
such, it was impossible to distinguish the impact of age from
this data. According to our results, we found that the fre-
quencies of patients with cancer who are 40—64 years of age
are 41.3%, while that of patients who are 65—74 years of age is
36.8%. Therefore, we suggest patient ages to be divided into
<65 and > 65 years cohorts, to distinguish the impact of age on
frailty.

Our study found that both G8 and fTRST were significantly
correlated with CGA, which supports the convergent validity
of G8 and fTRST. Our study also verified the construct validity
of G8 and fTRST, through comparing different ECOG scores
(ECOG =0vs > 1). Our result showed that patients with higher
ECOG scores were more likely to be screened for frailty risk
profiles using the G8 and {TRST, which supported the
construct validity of G8 and fTRST. This result is also consis-
tent with that of other past studies, which have found that the
poorer the physical functional status of patients, the higher
the associated frailty level [7,35,40]. Unfortunately, most of the
studies on frailty have primarily analyzed the diagnostic
characteristics of screening tools, and although the diagnostic
characteristic of screening tools is important, testing their
construct validity is also extremely important [41]. Therefore,
we advise for future studies to include a validity test, while
assessing the effectiveness of frailty screening tools, to better
complete the assessment of screening tools.

Moreover, prior studies have also indicated that the prev-
alence of frailty increases with age [19,20,35]; however, the
results of our study showed that age did not have a significant
influence on G8 and fTRST. Such differences might be caused
by the sample populations that had been enrolled in different
studies. Previous studies had not concurrently analyzed frailty
in both elderly and non-elderly patients with cancer. Only two
studies have analyzed the prevalence of frailty in healthy
populations, which included both elderly and non-elderly
patients, and found that the prevalence of frailty increased
with age [19,20]. However, frailty in patients with cancer is
affected by more complicated factors than those in healthy
populations; in the elderly population, age is a factor that af-
fects frailty. In patients with cancer, the main cause of frailty
is the decline of multiple physiological systems, caused by
disease [5,6]. Although the construct validity of G8 and fTRST
could not be verified in patients of different ages, our results
revealed a critical message: age is an important factor; how-
ever, it may not be the only factor for distinguishing frailty in
patients with cancer. Past studies have never investigated this
issue, which reflects that it is necessary to screen frailty in
non-elderly patients with cancer and conduct more studies to
confirm our findings.

Our study has some limitations that merit further dis-
cussion. First, our study utilized CGA as the tool to identify
the frailty of all adult patients with cancer. The CGA was
developed for frailty assessment in geriatric populations,

and some dimensions, such as number of falls, included in
CGA may not be applicable in younger individuals. However,
no comprehensive measurement tool for frailty assessment
has been developed in non-elderly population till date and
the aspects and instruments of frailty assessment in non-
elderly patients with cancer are still debated and not vali-
dated [42]. Our data highlights that frailty is a common
symptom among patients with cancer in various age groups.
Thus, we suggest that researchers in the future could
develop a comprehensive measurement tool to assess frailty
in the non-geriatric population through sound research.
Second, past studies of frailty have mainly focused on elderly
patients and have rarely focused on both elderly and non-
elderly patients with cancer. Therefore, it is difficult to
compare the results of our study with those of other relevant
studies. However, it reflects an advantage of our study that
will enable experts and scholars to understand the impor-
tance of frailty assessments in non-elderly patients with
cancer. Moreover, the pre-treatment screening of frailty in
patients with cancer can serve as reference for physicians to
discuss treatment plans with patients [40]. We also advise
future studies to test more frailty screening tools to deter-
mine which screening tools are most suitable for patients
with cancer in Taiwan. Third, the higher proportion of pa-
tients with HNC with high risk for malnutrition might bring
bias to frailty assessment. However, our study showed
similar performance of G8 and fTRST between patients with
and without HNC. This suggests that our study results
represent both HNC and non-HNC groups. To avoid such
concern of bias, we recommend that future studies should,
on average, enroll patients with different cancer types to
balance the number of study participants with different
cancer types.

Conclusions

Frailty is common in both elderly and non-elderly patients
with cancer, and it may cause severe adverse outcomes. Thus,
we advise clinicians to use G8 or fTRST to routinely screen for
frailty risk profiles in patients with cancer before the
commencement of cancer treatment. For patients with cancer
in Taiwan, G8 is superior to fTRST in frailty screening tool
performance. Furthermore, the optimal cut-off point recom-
mended by our study can serve as reference point for clini-
cians to assess frailty and assist in treatment-related
decision-making.
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