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Objectives: Feasible screening methods are important to identify older patients whomight benefit from adjuvant
chemotherapy. The aim of this study was to investigate the associations between the outcomes of screening for
frailty with the Geriatric-8 questionnaire (G8) and the 4-meter gait speed test (4MGST) and subsequent delivery
of adjuvant chemotherapy and treatment tolerance in older patients with colon cancer.
Material andMethods: This retrospectivemulticentre study included all patients aged ≥70with primary colon car-
cinomawhounderwent elective surgery betweenMay 2016 andDecember 2018 and forwhomadjuvant chemo-
therapy was indicated. Data were analysed using multivariate regression models.
Results: 97 (73.5%) of 132 eligible patients were screened by the G8 and 85 (64.4%) by the 4MGST. In univariate
analyses, patientswho scored indicative for frailty on both theG8 (≤14) and the 4MGST (>4 s) significantlymore
oftendid not proceedwith adjuvant chemotherapy than patientswho scoredfit on both instruments (OR=5.10,
p = 0.01). After adjustment for gender, stage, and postoperative complications, the OR decreased to 4.22 (p =
0.04). Tolerance of treatment was very high (93%) and did not differ between screening groups.
Conclusion: Although patients who scored indicative for frailty on both the G8 and the 4MGST significantlymore
often did not proceed with adjuvant chemotherapy, it is still unknown whether the G8 and the 4MGST are reli-
able tools for identifying patients who are at high risk for severe chemotoxicity. Nonetheless, this study shows
that current selection for adjuvant chemotherapy among older patients with colon cancer is safe with low
rates of severe chemotoxicity.

© 2021 Elsevier Ltd. All rights reserved.
1. Introduction

Currently, colorectal cancer (CRC) is the fifth most commonly diag-
nosed cancer in the Netherlands and more than 50% of CRC cases
occur in those exceeding 70 years [1–3]. Given the demographic devel-
opments with aging of theWestern society, CRC in older people will be
become amore common problem in the coming yearswith an expected
increase by 37% in total number of new cases in the period 2015–2040
[2]. In addition, the incidence also increases as a result of the
cology, VieCuri Medical Centre,
introduction of the national screening program and a trend towards
an unhealthy lifestyle [2,3].

Older patients are often not included in clinical trials for CRC and
treatment guidelines are therefore mainly based on relatively healthy
young patients withminimal comorbidity [4]. To what extent guideline
treatments are appropriate for older patients is largely unknown. This
often leads to undertreatment and/or overtreatment of older patients
with CRCwith poorer survival or functional status as a result [5,6]. In ad-
dition, several previous studies have shown that surgical treatment for
CRC in older patients was associated with increased postoperative mor-
bidity and mortality [7,8]. Adjuvant chemotherapy, which is indicated
for patients with high risk stage II and stage III colon carcinoma [9], is
applied less often to older patients than younger patients [10–12]. Rea-
sons for not receiving adjuvant chemotherapy may be multifactorial:
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the presence of concomitant diseases, higher age, more patient refusal
among older patients due to fear of toxic effects, lack of social support
and frailty [10–12]. In addition, it seems that older patients may apply
different values in terms of defining the ‘success’ of therapy and may
prioritise independence over survival [13]. On the one hand, adjuvant
chemotherapy reduces both mortality and time to recurrence among
selected and potentially fit older patients with colon cancer without a
significant increase in toxicity compared with younger patients [11].
On the other hand, adjuvant chemotherapy seems to have no negative
impact on quality of life of older patients with colon cancer [14]. How-
ever, results are drawn from either trials or observational studies, in
which selected fit patients were included for adjuvant chemotherapy.
Therefore, adequate frailty screening is needed which may be helpful
for well-considered oncological treatment decisions at individual level
in order to receive optimal and appropriate treatment and thus avoid
undertreatment or overtreatment.

A comprehensive geriatric assessment (CGA) is a multidisciplinary
evaluation that appraises the health status focusing on multiple do-
mains. Several studies have shown that CGA can identify patients with
a significantly increased risk for morbidity and mortality [15–17]. Al-
though taking a closer look at the patient is initially time-consuming
and expensive, it is just a fraction of time and costs of actual toxicity
and complaints whichmay be prevented by well-considered treatment
decisions based on the CGA [18]. In order to select those patients who
may benefit most from performing a more detailed assessment with
CGA, several short tests for frailty have been developed of which the Ge-
riatric 8 (G8) and the 4-m gait speed test (4MGST) are validated as use-
ful triage tools [19,20].

The aim of this study was to investigate the associations between
outcomes of screening by the G8 and the 4MGST and subsequent deliv-
ery of adjuvant chemotherapy and treatment tolerance in older patients
with colon cancer for whom adjuvant chemotherapy was indicated ac-
cording to treatment guidelines.

2. Patients and Methods

2.1. Study Design and Population

This is a retrospective multicentre study, in which all patients aged
70 years or older with high risk stage II and stage III primary colon car-
cinoma who underwent elective surgery between May 2016 and De-
cember 2018 within the VieCuri Medical Centre (Venlo) or the
Zuyderland Medical Centre (Sittard-Heerlen) for whom adjuvant che-
motherapy was indicated were included. High risk stage II was defined
according to former guidelines by pathological T4, less than 12 har-
vested lymph nodes, perforation or obstruction, poorly differentiated
histology and/or lymphatic/perineural invasion [9].

2.2. Pre-Operative Frailty Screening Methods and Comprehensive Geriatric
Assessment

In the two participating hospitals, all patients aged 70 years or older
underwent pre-operative screening for frailty using the G8 screening
questionnaire and/or a CGA as standard care. In the VieCuri Medical
Centre, the G8 screening questionnaire was combined with the
4MGST. These tests were performed by specialized colorectal nurses
as part of standard care, implemented in the hospital since May 2016.
It takes about five minutes to complete. In case the G8 questionnaire
(score ≤ 14) or the 4MGST (≤4 s) was highly indicative for frailty
[19–21], a CGA by the clinical geriatrician was indicated. Bessems et al.
demonstrated that 89% of those frail patients were referred to the geri-
atrician for CGA [22]. In the Zuyderland Medical Centre, CGA was per-
formed in all patients (without previous screening by the G8) in
which theG8 and the 4MGSTwere included as standard tests and scores
were therefore derived from this report.
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The G8 questionnaire contains eight items on the following frailty
domains with a scoring range from 0 to 17: nutritional status, weight
loss during the last three months, mobility, neuropsychological status,
body mass index (BMI), use of more than three medications, self-
perception of health, and age. The 4MGST measures the amount of
time needed to walk four meters at normal pace. A G8 score ≤ 14 and/
or the 4MGST ≤ 4 s was considered highly indicative for frailty
[19–21]. The CGA encompasses multiple domains (functional, nutri-
tional, psychological and social) and is performed by the clinical geria-
trician in the preoperative period (before the multidisciplinary
discussion) in both centres [15]. Based on the collected information at
abovementioned domains, tailored interventions (i.e. referring to a die-
tician) are recommended in order to optimize patients' health status.
Comorbidities were categorized and graded according the Cumulative
Illness Rating Scale-Geriatric (CIRS-G) classification [23,24].

2.3. Data Collection and Outcome Measurements

Data were collected from the electronic medical records using Castor
Electronic Data Capture©. Patient characteristics were collected includ-
ing: gender, age, BMI, American Society of Anaesthesiologists (ASA) clas-
sification, comorbidities, G8 score, and 4MGST. Tumour characteristics
were collected including: tumour location, TNM-stage, differentiation
grade, and lymphovascular invasion. Treatment characteristics and out-
come measurements were collected including: postoperative complica-
tions, delivery of adjuvant chemotherapy, type of chemotherapy,
chemotoxicity, and deviation frompredefined oncologic treatment proto-
col as a consequence of chemotoxicity. Chemotoxicity was categorized in
consultation with the medical oncologist as: gastrointestinal, hand-foot
syndrome, haematological, and other. The severity of complications was
assessed by the Common Terminology Criteria for Adverse Events v5.0
(CTCAE) [25]. Deviation from predefined oncologic treatment protocol
was categorized as: dose reduction, treatment delay, readmission, or
early termination of treatment (all as a consequence of chemotoxicity).
The relative dose intensity (RDI) was calculated for those who
discontinued predefined adjuvant chemotherapy protocol (dose reduc-
tion or early termination of treatment). RDI was calculated from baseline
at 100% (thus independent of initiation at lower dose). Groups were de-
fined by a cut-off point of 75% RDI [26]. Data of importancewere collected
including: diagnosis, surgery, discharge fromhospital, start and end of ad-
juvant chemotherapy, date of death and, date of last follow-up.

Primary outcome measures were assessed by investigating the fre-
quency of deviation from predefined treatment protocol (by means of
not proceeding with adjuvant treatment), motives for deviating from
the predefined treatment protocol, and the associations between deliv-
ery of adjuvant chemotherapy and the G8 and/or the 4MGST. Motives
for deviation from standard chemotherapy were classified as follows:
wish of patient, complications, comorbidity, tumour progression, age
and, other. Secondary outcome measures were the associations be-
tween the occurrence of chemotoxicity, deviation from standard adju-
vant chemotherapy protocol (dose reduction, treatment delay,
readmission, early termination of treatment), and RDI as a consequence
of chemotoxicity on the one hand and the G8 and/or the 4MGST on the
other hand. Three groups were composed in order to analyse the com-
bination of outcomes of both screening tools (not indicative for frailty:
G8 > 14 and 4MGST ≤ 4 s; intermediate group of frailty: G8 > 14 and
4MGST > 4 s or G8 ≤ 14 and 4MGST ≤ 4 s; indicative for frailty: G8 ≤
14 and 4MGST > 4 s).

2.4. Statistical Analyses

Descriptive statistics were performed to present baseline character-
istics; categorical variables were presented by frequencies and percent-
ages and continuous variables bymeans and standard deviation (SD) or
medians and interquartile range (IQR). Patient, tumour, and treatment
characteristics as well outcome measures by means of delivery of



K. Beukers, S.A.M. Bessems, A.J. van de Wouw et al. Journal of Geriatric Oncology 12 (2021) 1166–1172
adjuvant chemotherapy and treatment tolerance (occurrence of
chemotoxicity, deviation of adjuvant chemotherapy, and RDI) were
compared between groups based on frailty screening outcome using
chi-square test, unpaired t-test, Mann-Whitney U test, ANOVA, or
Kruskal-Wallis depending on the number of groups and variable distri-
bution.Univariate analyseswereperformedusing binary logistic regres-
sion to assess the association between delivery of adjuvant
chemotherapy and potentially predictive factors. A multivariate logistic
regression with backward elimination was conducted on the variables
that were significantly (p-values ≤0.10) associated with delivery of ad-
juvant chemotherapy in univariate analyses. Age was not included in
themultivariate analysis because this variable is part of the G8. Because
of collinearity between the G8, 4MGST and the combination of these
variables, the latter was considered in a separate model in themultivar-
iate analyses. In multivariate analysis, p-values ≤0.10 were considered
statistically significant. All statistical analyses were performed using
IBM SPSS Statistics version 24.0 (Armonk, NY: IBM Corp. 2016).
3. Results

3.1. Study Population

A total of 132 patients aged 70 or older who underwent elective sur-
gery for colon carcinoma between2016 and 2018 in theVieCuriMedical
Centre and the ZuyderlandMedical Centre and for whom adjuvant che-
motherapy was indicated were eligible for inclusion (Fig. 1). The pro-
portion screened for frailty by the G8 questionnaire was 97 (73.5%). Of
these 97 patients, 43 patients underwent surgery and follow-up at the
VieCuri Medical Centre and 54 patients underwent surgery and
follow-up at the Zuyderland Medical Centre. Twelve of 97 patients
were not screened by the 4MGST. Based on the G8 questionnaire, 51%
(n = 49) of patients were defined as being frail (of which 20 from the
VieCuri Medical Centre and 29 from the Zuyderland Medical Centre).
Of those 20 patients who scored frail on the G8 questionnaire at the
VieCuri Medical Centre, 18 patients (90%) were referred to the clinical
geriatrician for CGA.
Fig. 1. Flowdiagramof patient selection. *Not indicative for frailty: G8> 14 and 4MGST ≤ 4 s; int
for frailty: G8 ≤ 14 and 4MGST > 4 s.
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3.2. Baseline Demographics

Patient, tumour and, treatment characteristics stratified by G8
screening are shown in Table 1. The mean age of included patients
was 77 years (SD 4.8) and 52% were female. Patients with G8 ≤ 14
were older, more often female, and were also prone to be frail based
on the 4MGST.

3.3. Delivery of Adjuvant Chemotherapy

Patients with a G8 score ≤ 14 significantly more often did not pro-
ceed with adjuvant chemotherapy (67.3%) compared to patients with
a G8 score > 14 (41.7%) (P-value 0.011) (Table 1). Motives for not pro-
ceeding with adjuvant chemotherapy as described by the medical on-
cologist were: patients' wish (n = 34), comorbidity (n = 10), higher
age (n = 8), complicated course of surgical treatment (n = 5), tumour
characteristics (n=4), tumour progression (n=2), and general condi-
tion (n= 2). No significant differences in distribution of motives for not
to proceed with adjuvant chemotherapy were noticed between groups
based on the G8 questionnaire. Gender (female), age (>80 years), tu-
mour stage (stage II), postoperative complications, G8 (≤14), 4MGST
(>4 s), and the combination of G8/4MGST (G8 ≤ 14 and 4MGST > 4
s) were found to be significantly associated with not proceeding with
adjuvant chemotherapy in univariate analyses (Table 2). Inmultivariate
analyses, female gender (odds ratio (OR), 2.33; 95% confidence interval
(CI), 0.87–6.24; P = 0.093), tumour stage II (OR, 4.84; 95% CI,
1.34–17.54; P = 0.016), postoperative complications (OR, 3.80; 95%
CI, 1.37–10.53; P = 0.010), and the combination of G8/4MGST (G8 ≤
14 and 4MGST > 4 s (OR, 4.22; 95% CI, 1.04–17.17; P=0.044) were in-
dependently associated with not proceedingwith adjuvant chemother-
apy (Table 2).

3.4. Treatment Tolerance

The occurrence of chemotoxicity was 93% (no significant difference
between patients with G8 > 14 and those with G8 ≤ 14) (Table 1). As
ermediate group of frailty: G8> 14 and4MGST>4 s orG8 ≤ 14 and 4MGST ≤ 4 s; indicative



Table 1
Baseline characteristics and clinical outcomes stratified by G8 screening.

Demographics Total no. G8 > 14 G8 ≤ 14 P-value

N 97 (%) N 48 (%) N 49 (%)

Gender 0.002
Male 47 (48.5) 31 (64.6) 16 (32.7)
Female 50 (51.5) 17 (35.4) 33 (67.3)

Age (years) <0.001
70–79 65 (67.0) 41 (85.4) 24 (49.0)
≥80 32 (33.0) 7 (14.6) 25 (51.0)
Mean (SD) 77.2 (4.8) 75.3 (3.6) 79.0 (5.1)

BMI (kg/m2) 0.738
≤25 38 (39.2) 18 (37.5) 20 (40.8)
> 25 59 (60.8) 30 (62.5) 29 (59.2)

ASA classification 0.726
1–2 63 (64.9) 32 (66.7) 31 (63.3)
3–4 34 (35.1) 16 (33.3) 18 (36.7)

Comorbidity (CIRS-G) 0.211
No/grade 1–2 67 (69.1) 36 (75.0) 31 (63.3)
Grade 3–4 30 (30.9) 12 (25.0) 18 (36.7)

Tumour location 0.053
Right sided 56 (57.7) 23 (47.9) 33 (67.3)
Left sided 41 (42.3) 25 (52.1) 16 (32.7)

Tumour stage 0.667
II 22 (22.7) 10 (20.8) 12 (24.5)
III 75 (77.3) 38 (79.2) 37 (75.5)

Differentiation grade 0.920
Well/Moderate 76 (78.4) 37 (77.1) 39 (79.6)
Poor 18 (18.6) 9 (18.8) 9 (18.4)
Unknown 3 (3.1) 2 (4.1) 1 (2.0)

Lymphovascular invasion 36 (37.1) 17 (35.4) 19 (38.8) 0.732
Postoperative complications
No 52 (53.6) 28 (58.3) 24 (49.0) 0.407
Yes 42 (43.3) 19 (39.6) 23 (46.9)
Missing 3 (3.1) 1 (2.1) 2 (4.1)

Type of chemotherapy 0.354
Capecitabine monotherapy 18 (40.9) 10 (35.7) 8 (50.0)
Capecitabine plus oxaliplatin 26 (59.1) 18 (64.3) 8 (50.0)

4MGST 0.024
Not indicative for frailty (≤4 s) 46 (47.4) 29 (60.4) 17 (34.7)
Indicative for frailty (>4 s) 39 (40.2) 15 (31.3) 24 (49.0)
Missing 12 (12.4) 4 (8.3) 8 (16.3)

Not proceeding with adjuvant chemotherapy 53 (54.6) 20 (41.7) 33 (67.3) 0.011
Chemotoxicity 41 (93.2) 26 (92.9) 15 (93.8) 0.910
Deviation from predefined oncologic treatment protocol 27 (65.9) 16 (61.5) 11 (73.3) 0.443
Relative dose intensity 0.192
≥75% 17 (65.4) 12 (75.0) 5 (50.0)
<75% 9 (34.6) 4 (25.0) 5 (50.0)
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shown in Table 3, the most frequently reported type of chemotoxicity
was gastro-intestinal (n = 33). Other types of chemotoxicity were
hand-foot syndrome (n = 23), haematological (n = 4), and other
(n = 14). In nearly all cases (95.1%), chemotoxicity was classified as
grade one or two according the CTCAE classification (one patient devel-
oped vasculitis which was classified as grade four chemotoxicity).

No significant differences in any deviation of adjuvant chemother-
apy were noticed between groups (Table 1). Dose reduction was the
most frequently reported deviation from prescribed treatment (n =
21). Other deviations of adjuvant chemotherapy as a consequence of
chemotoxicity were: early termination of adjuvant chemotherapy
(n = 9), treatment delay (n = 8), and readmission (n = 2). Patients
with a G8 score ≤ 14 more often seemed to have an RDI below 75%
(N = 5; 50.0%) compared to patients with a G8 score > 14 (N = 4;
25.0%), although numbers were very small and no statistical signifi-
cance was reached (p = 0.192) (Table 1). The number of events for
chemotoxicity and deviation from adjuvant chemotherapy were too
small for further univariate and/or multivariate regression analyses.

4. Discussion

This study investigated the associations between outcomes of
screening for frailty by the G8 and the 4MGST on the one hand and
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subsequent delivery and tolerance of adjuvant chemotherapy on the
other hand in older patients with colon carcinoma. Patients with a
score of ≤14 on the G8, which is indicative for frailty, significantly
more often did not proceed with adjuvant chemotherapy compared to
their fit counterparts. The same was seen for the 4MGST. In multivari-
able analyses, female gender, tumour stage II, postoperative complica-
tions, and scoring indicative for frailty on both the G8 and the 4MGST
were significantly associated with not proceeding with adjuvant che-
motherapy. Patient refusal was the most frequently mentioned reason
for not proceeding with adjuvant chemotherapy (no significant differ-
ences in distribution of motives between frailty groups). No differences
in chemotoxicity, deviation from predefined adjuvant treatment proto-
col or RDI were noticed between groups based on the G8.

Although geriatric assessment and triage tools such as the G8 and
the 4MGST should not be considered as equivalent, it is relevant tomen-
tion that previous studies have shown an association between the re-
sults of a geriatric assessment and changes in predefined treatment
strategies. The ELCAPA study with 375 older patients who had a solid
cancer (excluding haematological malignancies) showed that the
planned treatment at different domains (e.g. surgery, chemotherapy,
hormonal therapy) was changed on the basis of a CGA in nearly 21%
of patients. Most common changes were dose reduction and less inten-
sive chemotherapy [27]. Another study on 167 older patients with



Table 2
Univariate and multivariate analyses of factors associated with subsequent delivery of adjuvant therapy. Bold is defined as a significant p-value (≤0.10)

Univariate analyses Multivariate analyses

No. Proceed with adjuvant
chemotherapy N 44 (%)

Not proceed with adjuvant
chemotherapy N 53 (%)

OR (95% CI) P-value OR (95% CI) P-value

Gender
Male 47 28 (63.6) 19 (35.8) 1 1 0.093
Female 50 16 (36.4) 34 (64.2) 3.13 (1.36–7.20) 0.007 2.33 (0.87–6.24)

Age (years)
70–79 65 38 (86.4) 27 (50.9) 1
> 80 32 6 (13.6) 26 (49.1) 6.10 (2.21–16.84) ≤0.001 NI

BMI (kg/m2)
≤ 25 38 16 (35.4) 22 (41.5) 1.24 (0.55–2.83) 0.605 NI
> 25 59 28 (63.6) 31 (58.5) 1

ASA classification
1–2 63 30 (68.2) 33 (62.3) 1
3–4 34 14 (31.8) 20 (37.7) 1.30 (0.56–3.02) 0.543 NI

Comorbidity (CIRS-G)
No/grade 1–2 67 32 (72.7) 35 (66.0) 1
Grade 3–4 30 12 (27.3) 18 (34.0) 1.37 (0.57–3.29) 0.479 NI

Tumour location
Right sided 56 22 (50.0) 34 (64.2) 1
Left sided 41 22 (50.0) 19 (35.8) 0.56 (0.28–1.26) 0.162 NI

Tumour stage
II 22 5 (11.4) 17 (32.1) 3.68 (1.23–11.01) 0.020 4.84 (1.34–17.54) 0.016
III 75 39 (88.6) 36 (67.9) 1 1

Differentiation grade
Well/Moderate 76 37 (86.0) 39 (76.5) 1
Poor 18 6 (14.0) 12 (23.5) 1.90 (0.65–5.58) 0.244 NI

Lymphovascular invasion
No 61 26 (59.1) 35 (66.0) 1
Yes 36 18 (40.9) 18 (34.0) 0.74 (0.33–1.70) 0.481 NI

Postoperative complications
No 52 31 (73.8) 21 (40.4) 1 1 0.010
Yes 42 11 (26.2) 31 (59.6) 4.16 (1.72–10.06) 0.002 3.80 (1.37–10.53)

G8
Not indicative for frailty (>14) 48 28 (63.6) 20 (37.7) 1 1
Indicative for frailty (≤14) 49 16 (36.4) 33 (62.3) 2.89 (1.26–6.61) 0.012 1.78 (0.63–5.00) 0.274

4MGST
Not indicative for frailty (≤ 4 s) 46 25 (56.8) 21 (39.6) 1 1
Indicative for frailty (> 4 s) 39 13 (29.5) 26 (49.1) 2.38 (0.99–5.76) 0.054 1.55 (0.55–4.35) 0.408

G8 and/or 4MGST a

Not indicative for frailty 29 17 (38.6) 12 (22.6) 1 1
Intermediate group for frailty 33 16 (36.4) 17 (32.1) 1.51 (0.55–4.12) 0.426 1.18 (0.38–3.65) 0.774
Indicative for frailty 23 5 (11.1) 18 (34.0) 5.10 (1.48–17.55) 0.010 4.22 (1.04–17.17) 0.044

NI: not included.
a Not indicative for frailty: G8> 14 and 4MGST ≤ 4 s; intermediate group of frailty: G8> 14 and 4MGST> 4 s or G8 ≤ 14 and 4MGST ≤ 4 s; indicative for frailty: G8 ≤ 14 and 4MGST> 4 s.

Bold is defined as a significant p-value (≤0.10)
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various types of cancer (33% CRC) showed that geriatric evaluation sig-
nificantly influenced oncologic treatment decisions with less intensive
or no treatment in thosewhoneeded geriatric intervention [28]. Several
other studies have shown the association between different parameters
of geriatric assessment with chemotoxicity and treatment decisions. A
systematic review noticed a percentage of 21–49% of patients in
which treatment decisions were changed based on CGA results [29]. In
seventeen studies, an independent associationwas found betweenmul-
tiple components of geriatric assessment and chemotoxicity or survival
in older patients with solid malignancies [29–31].
Table 3
Type of chemotoxicity and grade according CTCCAE classification.

Total G8 > 14 Highest G8 ≤ 14 Highest
(n = 42) (n = 27) grade (n = 15) grade

Gastro-intestinala 33 21 2 12 2
Hand-foot syndrome 23 16 2 7 2
Haematological 4 2 1 2 1
Otherb 14 7 2 7 4
Total no. of chemotoxicity 74 46 28

a Gastro-intestinal includes nausea, vomiting and diarrhea.
b Main other types of chemotoxicity are mucositis, fatigue and rash.
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In our study, no differences in chemotoxicity or deviation from adju-
vant treatment protocol were found between groups based on the G8
screening tool. However, it should be noticed once again that our data
is not comparable to abovementioned results of the CGA and, to clarify,
the G8 and 4MGST are validated as triage tools instead of substitution of
the CGA. Our study showed that despite a high percentage of patients
with chemotoxicity (93%), thismainly concerned grade one and two ac-
cording the CTCAE classification of chemotoxicity (one patient devel-
oped vasculitis which was classified as grade four chemotoxicity).
These grades are in general defined as acceptable butmay have substan-
tial impact on quality of life at the individual level and may also influ-
ence treatment alterations. In addition, still 65.9% of patients deviated
from adjuvant chemotherapy as a consequence of chemotoxicity de-
spite these low grades of toxicity. This may indicate that this relatively
mild chemotoxicity is relevant among older patients, while grade one
and two chemotoxicity are often not reported since studies mainly
focus on severe chemotoxicity (III-IV). Giacalone et al. noticed this be-
fore by appreciating that older patients may prioritise independence
(which can be affected by chemotoxicity) over survival [13]. An expla-
nation for the low levels of severe chemotoxicity in our study may be
a successful selection of patientswho are expected to be at risk of devel-
oping serious side effects and those who are not. However, this could
not be confirmed by the current study design. Nevertheless, the G8
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and/or 4MGST may be potentially valuable in addition to the existing
prediction tools such as the Chemotherapy Risk Assessment Scale for
High-Age Patients (CRASH) or the Cancer and Age Research Group
(CARG) Toxicity tool. However, the choice of screening tools is depend-
ing on the patients' context (i.e. patients' clinical and cognitive status)
and researchers highlight the relevance of having scientifically validated
instruments in order to predict toxicity at individual level [32,33].

Neither the G8 nor the 4MGST were found to be associated with
subsequent delivery of adjuvant chemotherapy after adjustment for
confounders. However, the combination of both appears to bemore dis-
tinctive for subsequent delivery of adjuvant chemotherapy compared to
the G8 questionnaire or the 4MGST alone. This may lead to discussion
whether these short screenings tests should be combined with a more
holistic approach by combining a questionnaire at multiple domains
and a performance-based measure of functional status. In multivariate
analysis, also female gender, tumour stage, and postoperative complica-
tionswere identified as independent predictors for subsequent delivery
of adjuvant chemotherapy. In previous studies, adjuvant chemotherapy
was also administered less often among females and this may be the re-
sult of earlier publications showing higher intolerance among females
for fluorouracil (5-FU)-based chemotherapy [12,34,35]. However,
chemotoxicity could be prevented in some cases by alternative doses
or schedules or selecting particular patients who are at risk to develop
serious side effects and thus should refrain from adjuvant chemother-
apy. The lower probability of receiving adjuvant chemotherapy for pa-
tients with stage II colon carcinoma as compared to patients with
stage III disease had already been shown previously [36–38]. These
patients may be considered to have a less favourable risk-benefit ratio
regarding adjuvant chemotherapy since the role of postoperative onco-
logic treatment in patients with stage II colon carcinoma remains
controversial [36,37,39]. The reduced utilization of adjuvant chemo-
therapy after the occurrence of postoperative complications has also
been shown previously [40] and seems to have substantial impact on
treatment decisions after adjustment for confounders. With regard to
the question whether the G8 questionnaire and/or the 4MGST are actu-
ally contributing, it is still unknownwhether the G8 and the 4MGST are
reliable tools for identifying patients who are at high risk for severe
chemotoxicity. However, our study showed that current selection for
adjuvant chemotherapy among older patients with colon cancer is
safe with very low rates of severe chemotoxicity.

This is the first study examining the association between the G8
questionnaire and the 4MGST and subsequent delivery of adjuvant che-
motherapy in older patients with colon carcinoma. Previous studies
have shown the association between theG8 questionnaire and outcome
measures as postoperative complications and chemotoxicity in older
patients with CRC [41,42]. However, no information was available
whether the G8 questionnaire and/or the 4MGST influenced cancer
treatment decisions in older patients with colon carcinoma. Despite a
relatively small sample size in the current study, the included popula-
tion was homogeneous by consisting of patients with stage II or stage
III colon carcinoma for whom adjuvant chemotherapy was indicated.

Several limitations to this study should be noticed. First, in the
VieCuri Medical Centre only patients with an abnormal score on the
G8 questionnaire and/or the 4MGST were referred to a geriatrician
whereas CGA was performed in all patients in the Zuyderland Medical
Centre. This may have led to selection bias, because these patients are
providedmore careful management and this may have influenced deci-
sions regarding treatment and may have led to optimization of func-
tional status by the physiotherapist and/or nutritional status by the
dietician as advised and referred by the geriatrician. Thereby, the G8
questionnaire is a screening instrument so there may be a proportion
of patients who are assessed as frail on the basis of the G8 but do not
turn out to be frail after further analysis by the geriatrician. In addition,
it seems that not all patients in theVieCuriMedical Centrewere referred
to the geriatrician compared to those who were assessed as frail on the
basis of theG8 (90%). Thismay suggest that referralwas not accepted by
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some patients and this may increase the risk of selection bias by differ-
ent management in particular frail patients. Comparable numbers were
also objectified in a similar study by Bessems et al. on the predictive
value of the G8 and 4MGST and subsequent referral for CGA [22]. This
limitation should be kept in mind when analysing results of both cen-
tres together. However, Bessems et al. also demonstrates that geriatri-
cians are reluctant in advising against oncological treatment in frail
colorectal patients and advice on non-oncological alterations was
more prevalent, such as delirium prevention [22]. Second, the choice
of capecitabine monotherapy or the combination with oxaliplatin may
in some cases be influenced by the treating physician based on frailty.
This might lead to a higher proportion of patients with G8 ≤ 14 to re-
ceive capecitabinemonotherapy (50%) as compared to less frail patients
(35%). This is highly likely to influence both the RDI and toxicity and
should be kept in mind when interpreting results. Third, the sample
size of this study is a limiting factor. This is partly related to the fact
that these short tests for frailty are only recently implemented as stan-
dard screening tools in some hospitals. Nonetheless, the results give a
nice overview of current practice and seem to indicate that current se-
lection for adjuvant chemotherapy is safe. However, important informa-
tion on the associations between outcomes of short screening tools and
treatment tolerance and outcome is still lacking. Therefore, prospective
and larger studies are needed to assess these associations. At last, theG8
questionnaire and the 4MGST are performed pre-operatively which
may not necessarily represent the frailty status of patients during the
period before adjuvant chemotherapy because of the postoperative
time period and the impact of surgery which probably have influenced
treatment decisions as demonstrated by the association between post-
operative complications and subsequent delivery of adjuvant chemo-
therapy. It would have been more accurate if these short screening
tests had been repeated at the moment before adjuvant chemotherapy.

This study has shown that it is still unknownwhether the G8 and/or
the 4MGST are reliable tools for identifying patients who are at high risk
for severe chemotoxicity and thus should refrain from adjuvant chemo-
therapy. In current practice, there seems to be an adequate selection of
patients for adjuvant chemotherapy since tolerance of adjuvant chemo-
therapy was very high. However, by assuming a successful selection of
patients there may be overrating since it remains unknown whether a
larger group of patients would have benefited from adjuvant chemo-
therapy and theremay be undertreatment. In addition, theremaybepa-
tients who are undertreated since CGA can identify health issues of frail
older people which may be reversed by prehabilitation [18]. Therefore,
future studies should focus on the predictive value of theG8 and 4MGST
as triage tools for full geriatric assessment and further explore the out-
comes of CGA in order to be implemented as standard care at larger
scale. At last, the knowledge that patients who are indicative for frailty
more often did not proceed with adjuvant chemotherapy emphasises
the need for adequate interventions regarding frailty such as physio-
therapy and nutritional interventions.

In conclusion, although patients who scored indicative for frailty on
both the G8 (≤14) and the 4MGST (>4 s) significantly more often did
not proceed with adjuvant chemotherapy than patients who scored fit
on both instruments, it is still unknown whether the G8 and/or the
4MGST are reliable tools for identifying patients who are at high risk
for severe chemotoxicity. Nonetheless, this study shows that current se-
lection for adjuvant chemotherapy among older patients with colon
cancer is safe with very low rates of severe chemotoxicity.
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