cancers

Article

Combination of the G-8 Screening Tool and Hand-Grip
Strength to Predict Long-Term Overall Survival in Non-Small
Cell Lung Cancer Patients Undergoing Stereotactic

Body Radiotherapy

Kristian Kirkelund Bentsen
and Stefan Starup Jeppesen

check for

updates
Citation: Bentsen, K.K.; Hansen, O.;
Ryg, J.; Giger, A.-K.W.; Jeppesen, S.S.
Combination of the G-8 Screening
Tool and Hand-Grip Strength to
Predict Long-Term Overall Survival
in Non-Small Cell Lung Cancer
Patients Undergoing Stereotactic
Body Radiotherapy. Cancers 2021, 13,
3363. https://doi.org/10.3390/
cancers13133363

Academic Editor: Nienke de Glas

Received: 29 May 2021
Accepted: 3 July 2021
Published: 5 July 2021

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

1,2,3,%
1,2,3

2,3,4

, Olfred Hansen 123, Jesper Ryg 2>, Ann-Kristine Weber Giger 24

Department of Oncology, Odense University Hospital, 5000 Odense, Denmark; olfred.hansen@rsyd.dk (O.H.);
stefan. jeppesen@rsyd.dk (S.S.].)

Department of Clinical Research, University of Southern Denmark, 5000 Odense, Denmark;
jesper.ryg@rsyd.dk (J.R.); ann-kristine.weber.giger@rsyd.dk (A.-K.W.G.)

Academy of Geriatric Cancer Research (AgeCare), Odense University Hospital, 5000 Odense, Denmark
Department of Geriatric Medicine, Odense University Hospital, 5000 Odense, Denmark

Correspondence: kristian.kirkelund.bentsen3@rsyd.dk

Simple Summary: As the world’s population ages, the number of older patients diagnosed with
non-small cell lung cancer will increase, and more patients are expected to suffer from comorbidities.
Stereotactic body radiation therapy presents a curative modality and is the treatment of choice for
patients with localized non-small cell lung cancer that is considered medically inoperable (often
due to multimorbidity). However, in these patients, age-related comorbidities—rather than lung
cancer—are the leading cause of mortality. To address age-related comorbidities and optimize the
general health status of older patients with cancer, the Geriatric 8 screening tool was developed.
However, the Geriatric 8 is mainly based on nutritional assessment; therefore, we aimed to evaluate
if a combination of the Geriatric 8 and a test of physical functioning, such as hand-grip strength, can
lead to more accurate identification of patients who are in need of geriatric care than the Geriatric
8 alone.

Abstract: The Geriatric 8 (G-8) is a known predictor of overall survival (OS) in older cancer patients,
but is mainly based on nutritional aspects. This study aimed to assess if the G-8 combined with a
hand-grip strength test (HGST) in patients with NSCLC treated with stereotactic body radiotherapy
can predict long-term OS better than the G-8 alone. A total of 46 SBRT-treated patients with NSCLC
of stage T1-T2NOMO were included. Patients were divided into three groups: fit (normal G-8
and HGST), vulnerable (abnormal G-8 or HGST), or frail (abnormal G-8 and HGST). Statistically
significant differences were found in 4-year OS between the fit, vulnerable, and frail groups (70%
vs. 46% vs. 25%, p = 0.04), as well as between the normal and abnormal G-8 groups (69% vs. 39%,
p =0.02). In a multivariable analysis of OS, being vulnerable with a hazard ratio (HR) of 2.03 or
frail with an HR of 3.80 indicated poorer OS, but this did not reach statistical significance. This
study suggests that there might be a benefit of adding a physical test to the G-8 for more precisely
predicting overall survival in SBRT-treated patients with localized NSCLC. However, this should be
confirmed in a larger study population.

Keywords: non-small cell lung cancer (NSCLC); stereotactic body radiotherapy (SBRT); Geriatric 8
(G-8); hand-grip strength test (HGST); long-term overall survival (OS)

1. Introduction

As the world’s population ages, the number of people diagnosed with cancer will
increase, and more patients are expected to suffer from comorbidities that will impact
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mortality [1,2]. Almost 50% of all patients diagnosed with localized non-small cell lung
cancer (NSCLC) are older than 70 years of age [3], one-fourth of whom are considered
medically inoperable due to age-related comorbidities, functional status, or refusal of
surgery [4]. For these patients, stereotactic body radiation therapy (SBRT) is a curative
treatment modality that is considered the treatment of choice [5,6].

Aging is a heterogeneous process, and patients of the same chronological age may
reflect different physiological ages [7]. A recent study of the survival of SBRT-treated
patients with localized NSCLC indicated age-related comorbidities (heart disease, chronic
obstructive pulmonary disease, or thromboembolic events)—rather than lung cancer—as
the leading cause of mortality [8], emphasizing the importance of addressing comorbidities
when planning or evaluating the treatment of oncological patients. Throughout time,
screening tools have been developed to predict overall survival (OS) and identify frailty in
older patients with cancer. The Geriatric 8 (G-8) screening tool is one of the most extensively
studied screening tools and has been demonstrated to be a strong independent predictor of
OS [9-11]. It is recommended by the International Society of Geriatric Oncology to perform
a G-8 screening in older patients with cancer to assess the need for a comprehensive
geriatric assessment (CGA) [12]. A G-8 cut-off value of 14, as originally suggested by
Bellara et al., has traditionally been used, but an optimal cut-off value when assessing
OS in older patients with cancer still has to be decided upon [13-15]. The G-8 is derived
from the Mini Nutritional Assessment Short-Form questionnaire and focuses mainly on
nutritional aspects [16]. However, in older patients with cancer, not only nutritional status
but also physical functioning is an important domain to be included when predicting
patient-related outcomes [17].

The hand-grip strength test (HGST) is a well-established indicator of muscle strength
among older patients and is considered the simplest and least complicated instrumented
muscle strength measurement [18]. The HGST has been identified as a robust predictor of
mortality and to have a statistically significant impact on OS in a G-8-abnormal population
of older patients with cancer [11]. A combination of the G-8 and HGST might engulf the
essential aspects of both the nutritional and physical domains and give a better prediction
of OS in older patients with cancer than that of the G-8 alone. This study aimed to assess if
the G-8 combined with HGST in patients with NSCLC and treated with SBRT can predict
long-term OS better than the G-8 alone.

2. Materials and Methods

This study presents prospectively collected long-term 4-year overall survival data
from a single institutional randomized study performed in 2015-2016. The primary aim of
the randomized study was to investigate the impact of CGA and interventions as needed
on quality of life (QoL), and it was reported in a peer-reviewed and published paper [19].
The standard arm of the randomized study was SBRT without CGA, and the intervention
arm was SBRT with CGA. Both treatment arms received the standard best practice of care.

This study focuses solely on the exploratory aim of investigating the role of the G-8
and HGST for predicting overall survival in patients receiving SBRT for localized NSCLC.

2.1. Study Population

Between January 2015 and June 2016, 51 patients with histologically /cytologically
proven T1-2NOMO NSCLC who were referred to the Department of Oncology, Odense
University Hospital for treatment with SBRT were included in the randomized study.
The patients had either refused or were considered too frail for surgery based on a mul-
tidisciplinary assessment. Patients with concomitant malignancies or histories of other
malignancies within the last five years were not eligible for the study. Four patients discon-
tinued their participation in the study at randomization because they considered the CGA
overwhelming. In total, 47 patients were included.

All data for the exploratory aim focusing on the G-8 and HGST were analyzed in
October 2020, when 29 patients had died.
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2.2. Study Approach

In the randomized study, all patients received volumetric modulated arc therapy
(VMAT) with SBRT 45-66 Gy /3 fractions (F) within nine days and were assigned in a ratio
of 1:1 to receive CGA or not. At baseline, an oncologist assessed the Eastern Cooperative
Oncology Group performance status (ECOG-PS), Charlson Comorbidity Index (CCI), and
the G-8 screening tool, and a nurse assessed the Barthel-20, HGST, and chair-stand test.
Toxicity was evaluated at baseline and follow-up by an oncologist using the CTCAE 4.0.

For the exploratory aim of the study, the patients were divided into three groups:
fit (normal G-8 and HGST scores), vulnerable (abnormal G-8 or HGST scores), and frail
(abnormal G-8 and HGST scores). As a reference for further analysis, patients were also
divided into two (normal >14 or abnormal <14) and three (high >14, intermediate 11-14,
or low <11) groups based solely on their G-8 scores.

2.2.1. Geriatric 8

The G-8 screening tool was developed to identify geriatric risk profiles in older
patients with cancer [13]. It consists of eight items: seven items from the Mini Nutritional
Assessment (MNA) questionnaire and an additional categorization of self-perception of
health [13]. The items from the MNA included questions regarding nutritional status,
weight loss, body mass index, motor skills, psychological status, and the number of
medications. G-8 scores <14 were considered abnormal [13].

2.2.2. Hand-Grip Strength Test

The HGST was measured in kg by using a Smedley dynamometer. Each patient was
shown the correct handling and positioning of the instrument according to the clinical
assessment recommendations of the American Society of Hand Therapists [20]: elbow in a
90° position with the upper arm tight against the trunk. Measurements were repeated in a
series of three on each hand, alternating with short pauses. The mean and maximum values
achieved were registered for both hands. Maximum scores for the HGST of <21 kilograms
(kg) for men and <15 kg for women were considered abnormal [21].

2.2.3. Chair-Stand Test

In the chair-stand test, the patients were asked to sit in the middle of the seat with their
back straight, their feet shoulder-width apart and flat on the ground, and their arms crossed
at the wrists and held against the chest. In 30 s, the number of full stands was registered. A
score of <10, which indicated a high risk of falling, was considered abnormal [22].

2.2.4. Eastern Cooperative Oncology Group Performance Status, Charlson Comorbidity
Index, and Barthel-20

The ECOG-PS is used by oncologists to quantify well-being and activities of daily
living in order to guide oncological treatment decisions. Patients with ECOG-PS scores of
>2 were considered frail [23]. The CCl is used for categorizing comorbidities with scores
of 0-1, 2-3, and >3, which are considered normal, medium, and high, respectively [24]. The
Barthel-20 is used by geriatricians to measure performance in activities of daily living, with
scores of <18 indicating increased disability [25].

2.3. Statistical Methods

No sample size and power calculations were performed due to the exploratory nature
of the study. The baseline characteristics of the three groups (fit, vulnerable, and frail) were
compared by using univariate analyses. The means/medians were compared by using
an unpaired f-test or a one-way analysis of variance (ANOVA). Group proportions were
compared by using Fisher’s exact test or a Chi-square test.

The survival rates were calculated from the first day of SBRT, with the OS being
defined as the time to death from any cause, including lung cancer. The CSS was defined
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as the time to death caused by NSCLC. The survival analyses were performed by using the
Kaplan-Meier method, with testing of the differences using the log-rank test.

A multivariable Cox regression model was constructed by using the forward method.
Since sex, age, histology, and CGA are known predictors of OS, they were forced into the
regression analysis. Furthermore, variables with a univariate analysis p-value of <0.25 were
considered potential predictors of OS and were thus included in the final model. Interaction
analyses between variables were performed. In all analyses, a two-tailed p-value of <0.05
was considered statistically significant.

3. Results

Forty-seven patients were included, and baseline HGST data were missing in one pa-
tient. The total study population of 46 patients included ten patients who were considered
fit, 28 patients who were considered vulnerable, and eight patients who were considered
frail. Of all patients, 76% had abnormal G-8 scores and 24% had abnormal HGST scores.

The median potential follow-up time for the total study population was 60 months
(50-68 months). The baseline characteristics of the study population are presented in
Table 1. Forty-two patients were considered medically inoperable (23 due to poor pul-
monary capacity and 19 due to advanced age, poor performance status, excessive alcohol
use, or comorbidity), and four patients declined surgery. Twenty-four patients developed
grade 1 toxicity, 39 patients developed grade 2 toxicity, six patients developed grade 3
toxicity, and no patients experienced grade 4 or 5 toxicity. The most common types of
grade 3 toxicity were pain for three patients, dyspnea for two patients, and fatigue for
one patient.

A statistically significant difference was found between the ECOG-PS scores of patients
with normal vs. abnormal G-8 scores. No statistically significant differences in the number
of patients who received CGA or other baseline characteristics were found between the G-8
groups or between the fit, vulnerable, or frail combination groups. Other baseline patient
characteristics of the G-8 groups and the G-8 and HGST combination groups are presented
in Table Al in Appendix A.

As illustrated in Figure 1a, the median overall survival (mOS) and the actual 4-year OS
for the normal and abnormal G-8 groups was 46 vs. 35 months and 69% vs. 39% (p = 0.02),
respectively. The mOS of the high, intermediate, and low G-8 groups was 46 vs. 35 vs.
36 months (p = 0.07) (Figure 1b). The actual 4-year OS of the high vs. intermediate vs. low
G-8 groups was 69% vs. 36% vs. 50%. For the G-8 and HGST combination groups of fit,
vulnerable, and frail patients, the mOS was 48 vs. 38 vs. 28 months, and the actual 4-year
OS was 70% vs. 46% vs. 25% (p = 0.04), respectively (Figure 1c).

No statistically significant differences in CSS were found between the G-8 groups or
the G-8 and HGST combination groups (Figure 2). The actual 4-year CSS of the normal vs.
abnormal G-8 groups was 75% vs. 71% (p = 0.71) (Figure 2a). The actual 4-year CSS of the
high vs. intermediate vs. low G-8 groups was 75% vs. 68% vs. 83% (p = 0.70) (Figure 2b).
The 4-year CSS of the fit vs. vulnerable vs. frail groups was 70%, 68%, and 100% (p = 0.44),
respectively (Figure 2c).
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Table 1. Baseline characteristics of patients with localized non-small cell lung cancer who were
treated with stereotactic body radiation therapy.

Patient Characteristics Patients (n = 46)
Sex
Female 25 (54%)
Male 21 (46%)
Age (years)
Median (range) 72 (52-87)
>70 years 33 (72%)
Reason of SBRT referral
Unfit for surgery ! 42 (91%)
Declined surgery 4 (9%)
Histology
Adenocarcinoma 23 (50%)
Non-adenocarcinoma 23 (50%)
Lung cancer stage
1A 30 (65%)
1B 15 (33%)
Synchronous NSCLC 1(2%)
Prescribed radiation dose
45Gy /3F (BED 112Gy) 4 (9%)
66Gy/3F (BED 211Gy) 42 (91%)
ECOG Performance Status
0-1 28 (61%)
>2 18 (39%)
Charlson Comorbidity Index
0-1 19 (41%)
2-3 21 (46%)
>3 6 (13%)
Barthel-20
Normal (20-19) 32 (70%)
Disability (<18) 14 (30%)
G-8 total (Abnormal <14)
High (>14) 13 (28%)
Intermediate (11-14) 25 (54%)
Low (<11) 8 (18%)
CST (n=13)
Normal (>10) 3 (23%)
Abnormal (<10) 10 (77%)
HGST?
Normal (&> 21 kg/2> 15 kg) 35 (76%)
Abnormal (o< 21 kg/9< 15 kg) 11 (24%)
G-8 + HGST
Fit (normal G-8 and HGST) 10 (22%)
Vulnerable (abnormal G-8 or abnormal HGST) 26 (61%)
Frail (abnormal G-8 and HGST) 8 (17%)
CGA3
Yes 24 (50%)
No 22 (48%)

ECOG Performance Status—Eastern Cooperative Oncology Group’s definition of performance status, G-8—
Geriatric 8 screening tool, CST—Chair-stand test, HGST—Hand-grip strength test, #—male, 9—female, G-8 +
HGST—Combination of Geriatric 8 and hand-grip strength test, CGA—Comprehensive Geriatric Assessment.
1 Unfit for surgery encompasses patients considered medically inoperable or best served with SBRT. 2 Hand-grip
strength measured using a Smedley Dynamometer. 3 Patients were randomized 1:1 to receive CGA or not upon
inclusion in the previous randomized study.
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Figure 1. Kaplan-Meier plots of overall survival in (a) the normal vs. abnormal G-8 groups, (b) the high, intermediate, and
low G-8 groups, and (c) the fit, vulnerable, and frail G-8 and HGST combination groups.
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Univariate analyses demonstrated that only an age of >70 years with a hazard ratio
(HR) of 3.10 (95% CI: 1.07-8.99, p = 0.04), a G-8 score of <14 with an HR of 3.24 (95% CI:
1.12-9.39, p = 0.03), and being frail according to the G-8 and HGST combination with an
HR of 5.24 (95% CI: 1.34-20.40, p = 0.02) were statistical significantly associated with poorer
OS. Abnormal HGST scores with an HR of 1.64 (95% CI: 0.72-3.72, p = 0.25) demonstrated
no statistically significant impacts on OS. In the multivariable model, being vulnerable
with a hazard ratio (HR) of 2.03 (95% CI: 0.50-8.12, p = 0.32) or frail with an HR of 3.80
(95% CI10.80-18.01, p = 0.09) showed no statistically significant associations with poorer OS
compared to being fit (Table 2). The interaction analyses of the Cox multivariable regression
model showed no statistically significant interactions between the included variables.

Table 2. Univariate analysis and Cox multivariate regression model in patients with localized non-small cell lung cancer

who were treated with stereotactic body radiation therapy.

Patient Univariate Model Multivariate Model
Characteristics p-Value 95% CI HR p-Value 95%CI
Male gender 0.26 0.72-3.32 1.35 0.49 0.58-3.15
Age >70 years 3.10 0.04 1.07-8.99 3.28 0.07 0.92-11.78
Adenocarcinoma 0.27 0.31-1.39 1.00 0.99 0.45-2.26
G-8 score <14 3.24 0.03 1.12-9.39
HGST score
<21 kg/o< 15 kg ! 1.64 0.24 0.72-3.72
HGST+G-8
combination 2
Fit (reference) - - - - -
Vulnerable 2.77 0.10 0.81-9.44 2.03 0.32 0.50-8.18
Frail 5.24 0.02 1.34-20.40 3.80 0.09 0.80-18.01
ECOG Performance 1.94 0.08 0.92-4.08 112 0.84 0.37-3.40
Status >2
Charlson
Comorbidity Index
0-1 (reference) - - - - -
2-3 0.13 0.83-4.33 1.45 0.42 0.59-3.56
>3 1.92 0.28 0.58-6.32 3.89 0.06 0.96-15.81
Barthei'lzgo score 156 0.26 0.72-3.40 1.06 0.92 0.35-3.17
CGA?3 0.66 0.28 0.31-1.40 0.70 0.44 0.28-1.75

G-8—Geriatric 8 screening tool, HGST—hand-grip strength test, &—male, 9—female, ECOG Performance Status—Eastern Cooperative
Oncology Group’s definition of performance status. ! Hand-grip strength test measured using a Smedley Dynamometer. 2 Fit (normal
G-8 and normal HGST), Vulnerable (abnormal G-8 or abnormal HGST), and Frail (abnormal G-8 and abnormal HGST). 3 Patients were
randomized 1:1 to receive CGA or not upon inclusion in the previous randomized study.

4. Discussion

To our knowledge, this is the first study to compare the combination of G-8 and HGST
with the G-8 alone in predicting the long-term OS of older patients with NSCLC treated
with SBRT. The patients that were identified as frail using the combination of G-8 and
HGST had a shorter median OS than the patients with abnormal G-8 scores alone. In a
multivariable Cox regression analysis, being identified as vulnerable or frail by the G-8
and HGST combination was associated with poorer long-term OS, though no statistical
significance was reached.

In our study, 72% of all patients had a G-8 score of <14, consistent with data from
previous studies in large populations of older patients with cancer, which reported ab-
normal G-8 scores in 68-83% of patients [10,13,14,26,27]. However, these studies were
conducted in study populations that included various types of cancers, and the majority of
the patients were diagnosed with metastatic diseases upon inclusion. In general, patients
with advanced cancer may be susceptible to having lower G-8 scores than patients with
localized cancer; however, Maebayashi et al. and Cuccia et al. reported abnormal G-8 scores
in study populations of older patients with localized NSCLC who were receiving SBRT that



Cancers 2021, 13, 3363

8 of 12

were comparable to the scores of patients in our study of 81% and 40%, respectively [28,29].
For both studies, the patients were >65 years of age with treatment decisions based on a
multidisciplinary assessment and an ECOG-PS of 1 or a Karnofsky performance status of
>70. No obvious discrepancies in study design or population explained the difference in
G-8 scores between the two studies, suggesting that G-8 scores may vary within even a
highly specific cancer population. In our study, no lower age limit was chosen for inclu-
sion, and a shift towards more patients with normal G-8 scores might be expected when
compared to similar studies due to the risk of including younger patients. Nevertheless,
a subanalysis revealed that 73% of patients aged 70 or older in our study had abnormal
G-8 scores, showing a similar distribution to that seen across the entire study population.
Thus, this study population represented a group of patients that was comparable to the
populations of both Maebayashi et al. and Cuccia et al. [28,29].

The G-8 is a well-established screening tool in the standard evaluation of older patients
with cancer and is known to be a strong predictor of OS [10,30]. In our study, the univariate
analysis showed an association between a G-8 score of <14 and poorer long-term OS in
patients with localized NSCLC treated with SBRT. In a similar study population, Mae-
bayashi et al. reported a statistically significant association between a G-8 score of <12 and
a poorer long-term OS [28]. Though different G-8 cut-off values were chosen, a significant
association between low G-8 scores and poorer long-term OS was found in both studies,
thus demonstrating the value of the G-8 screening tool in predicting OS in this population.
In previous studies of the G-8 screening tool, a cut-off value of 14 has conventionally been
chosen, and this was defined by Bellera et al. as the optimal cut-off value for identifying
older patients with cancer who might benefit from a CGA [13,26,30]. However, it has been
questioned in recent studies of older patients with cancer whether a G-8 cut-off value at 14
is adequate when evaluating OS [14,15]. Takahashi et al. reported a significant difference
in the OS of 264 patients with cancer who were aged >70 years when divided into three
groups defined by the G-8 cut-off values of <11, 11-14, and >14, suggesting that a new
subclassification might lead to more efficient identification of older patients with cancer
with poor prognosis [14]. Furthermore, the NORDICY trial in 160 patients aged >70 years
with previously untreated metastatic colorectal cancer showed an association between the
G-8 and OS, toxicity, hospitalization, and receiving no more than one cycle of chemother-
apy, which became statistically significant when the G-8 cut-off value was lowered to 11
from 14 [15]. Our study found no significant differences between SBRT-treated patients
with localized NSCLC when they were divided into three groups using the cut-off values
suggested by Takahashi et al. Furthermore, the low G-8 group had longer mOS and 4-year
OS than the intermediate G-8 group, suggesting that subdivision of patients with G-8
scores of <14 does not give a more precise estimate of OS in patients with localized NSCLC
treated with SBRT.

Only sparse information exists on the capability of the HGST as a predictive tool
in cancer patients. In non-cancer populations of older people, the HGST is strongly
associated with overall muscle strength, physical status, short- and long-term mortality,
and morbidity [31,32]. However, the HGST has been reported to be associated with OS
in both older patients with newly diagnosed cancer and older patients with advanced
cancer [33,34]. Comparably with the findings in our study, Versteeg et al. demonstrated
that abnormal HGST was statistically significantly associated with poorer OS (HR of 1.75)
in a study population of 103 older patients with advanced cancer [33]. The small sample
size in our study is a limitation, and one could speculate that the HGST may be associated
with OS in a larger study population of older SBRT-treated NSCLC patients.

A retrospective study by Lycke et al. investigated the added value of an HGST in
the prediction of 12-month survival in a population of older patients with cancer and
with abnormal G-8 scores [35]. They demonstrated a significant association between
abnormal HGST and poorer OS, as well as that the addition of the HGST in G-8 abnormal
patients provided a more precise estimate of 12-month OS. In our study, the normal
G-8 group and the fit G-8 and HGST combination group had a similar OS; however,



Cancers 2021, 13, 3363

9of 12

when comparing the abnormal G-8 group with the vulnerable and frail G-8 and HGST
combination groups, we saw a marked difference in the OS. The abnormal G-8 group had
a poorer OS than the vulnerable group but an improved OS compared to the frail group,
suggesting, in accordance with the findings of Lycke et al., that the addition of the HGST
to the G-8 gives a more precise estimate of OS than that of the G-8 alone. Even though
no statistically significant associations were found between OS and the combination of
G-8 and HGST in our multivariable Cox regression model, the hazard ratios indicated
a strong association with poorer long-term OS. Screenings tools for predicting OS and
identifying frailty remain important first steps in addressing age-related comorbidities and
optimizing the general health status of older patients with cancer. In patients with localized
NSCLC who were receiving SBRT, previous studies have shown that older patients of
>75 years of age experience the same risk of toxicity and local control rates as those of
younger patients [36,37]. Comparably to these studies, only six patients experienced grade
3 toxicity, and no patients experienced grade 4 or 5 toxicity in our study. Definitive SBRT
treatment in localized NSCLC offers a more favorable survival benefit of approximately
three years in favor of SBRT in comparison with similar patients without active treatment,
and a recent study by Klement et al. suggested that all patients with localized NSCLC
should be offered SBRT treatment, irrespectively of their comorbidity status [8,38-40].
In agreement with a previous study in SBRT-treated NSCLC patients by Franco et al,,
our CSS findings suggest, though not statistically significant, that the majority of these
patients died of other causes than lung cancer, and the frail G-8 and HGST group was at
the highest risk [41]. In our study, none of the frail G-8 and HGST combination group
patients died of lung cancer, demonstrating the importance of a future focus on optimizing
age-related comorbidities in older SBRT-treated patients with localized NSCLC. In this
study, univariate and multivariate analyses indicated the improved OS in favor of patients
receiving CGA. However, no statistically significant impacts on OS were found in either
model, which could be due to the small sample size of the study and can only be confirmed
in a larger patient population.

We suggest that the combination of the G-8 and HGST is a valuable tool when evalu-
ating older SBRT-treated patients with localized NSCLC in order to help guide clinicians in
optimizing individual patients’ general health status.

5. Conclusions

This study suggests that there might be a benefit of adding a physical test to the G-8 for
more precisely predicting overall survival in SBRT-treated patients with localized NSCLC.
However, this should be confirmed in a larger study population.
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Appendix A
Table A1. Baseline characteristics of patients with localized non-small cell lung cancer who were treated with stereotactic

body radiation therapy and divided into three groups: normal vs. abnormal G-8 scores, high vs. intermediate vs. low G-8
scores, and fit vs. vulnerable vs. frail G-8+HGST scores.

Patient G-8, 2 Groups G-8, 3 Groups 1 G-8 + HGST 2
Characteristics Normal Abnormal High Intermediate Low Fit Vulnerable Frail
Sex
Female 4 (31%) 21 (64%) 4 (31%) 17 (68%) 4 (50%) 6 (60%) 10 (36%) 5 (62.5%)
Male 9 (69%) 12 (36%) 9 (69%) 8 (32%) 4 (50%) 4 (40%) 18 (64%) 3(37.5%)
Age
Median (range) 72(52-79)  72(56-87)  72(52-79)  72(56-87)  71(57-83)  72(52-79)  73(58-87) 71 (57-80)
>70 years (%) 9 (69%) 25 (74%) 9 (69%) 19 (76%) 5 (63%) 6 (60%) 21 (75%) 6 (75%)
Reason of
SBRT referral
Unfit for surgery 3 13 (100%) 29 (88%) 13 (100%) 22 (88%) 7 (88%) 10 (100%) 26 (93%) 6 (75%)
Declined surgery 0 (0%) 4 (12%) 0 (0%) 3 (12%) 1 (12%) 0(0%) 2 (7%) 2 (25%)
Lung cancer stage
1A 8 (61%) 22 (68%) 8 (61%) 16 (64%) 6 (75%) 6 (60%) 18 (64%) 6 (75%)
1B 4 (31%) 11 (32%) 4 (31%) 9 (36%) 2 (25%) 3 (30%) 10 (36%) 2 (25%)
Synchronous NSCLC 1 (8%) 0 (0%) 1 (8%) 0 (0%) 0 (0%) 1 (10%) 0 (0%) 0 (0%)
Histology
Adeno 7 (54%) 16 (47%) 7 (54%) 11 (44%) 5 (63%) 7 (70%) 12 (43%) 4 (50%)
Non-adeno 6 (46%) 18 (53%) 6 (46%) 14 (56%) 3 (37%) 3 (30%) 16 (57%) 4 (50%)
Prescribed
radiation dose
45G1yl/23§}(]])3ED 2 (15%) 2 (6%) 2 (15%) 2 (8%) 0 (0%) 2 (20%) 2 (7%) 0 (0%)
“Gg’l/f’éy(?ED 11 (85%) 31 (94%) 11 (85%) 23 (92%) 8 (100%) 8 (80%) 26 (93%) 8 (100%)
ECOG
Performance status
0-1 11 (85%) 17 (50%) 11 (85%) 14 (56%) 3 (37%) 9 (90%) 16 (57%) 3 (37%)
>2 2 (15%) 17 (50%) 2 (15%) 11 (44%) 5 (63%) 1 (10%) 12 (43%) 5 (65%
CCI
0-1 7 (54%) 13 (38%) 7 (54%) 9 (36%) 3 (37%) 6 (60%) 10 (36%) 3 (37%)
2-3 4 (31%) 17 (50%) 4 (31%) 13 (52%) 4 (50%) 2 (20%) 14 (50%) 5 (63%)
>3 2 (15%) 4 (12%) 2 (15%) 3 (12%) 1 (13%) 2 (20%) 4 (14%) 0 (0%)
Barthel 20
Normal (20-19) 10 (77%) 22 (65%) 10 (77%) 19 (79%) 3 (37%) 8 (80%) 20 (71%) 4 (50%)
Disability (<18) 3 (23%) 12 (35%) 3 (23%) 6 (24%) 5 (63%) 2 (20%) 8 (29%) 4 (50%)
G-8 total
Normal (>14) 13 (100%) 0 (0%) 13 (100%) 0 (0%) 0 (0%) 10 (100%) 3 (11%) 0 (0%)
Abnormal (<14) 0 (0%) 43 (100%) 0 (0%) 25 (100%) 8 (100%) 0 (0%) 25 (89%) 8 (100%)
CST
Normal (>10) 1 (25%) 2 (22%) 1 (25%) 1 (12%) 1 (100%) 0(0%) 3 (27%) 0 (0%)
Abnormal (<10) 3 (75%) 7 (78%) 3 (75%) 7 (88%) 0 (0%) 2 (100%) 8 (73%) 0 (0%)
HGST
Normal 10 (77%) 25 (76%) 10 (77%) 20 (80%) 5 (63%) 10 (100%) 25 (89%) 0 (0%)
(> 21kg/?2> 15kg)
Abnormal 0, 0, 0, 0, 0, 0, 0, 0,
(< 21 kg/9< 15 kg) 3(23%) 8 (24%) 3 (23%) 5 (20%) 3 (37%) 0 (0%) 3 (11%) 8 (100%)
CGA*
Yes 6 (46%) 19 (56%) 6 (46%) 15 (60%) 3 (37%) 6 (60%) 12 (43%) 4 (50%)
No 7 (54%) 15 (44%) 7 (54%) 10 (40%) 5 (63%) 4 (40%) 16 (57%) 4 (50%)

ECOG Performance Status—Eastern Cooperative Oncology Group’s definition of performance status, G-8—Geriatric 8 screening tool,
CST—Chair-stand test, HGST—Hand-grip strength test, —male, 9—female, G-8 + HGST—Combination of Geriatric 8 and hand-grip
strength test, CGA—Comprehensive Geriatric Assessment. ! High G-8 score (>14), Intermediate G-8 score (11-14), and Low G-8 score (<11).
2 Geriatric 8 screening tool and hand-grip strength test combination. Hand-grip strength was measured using a Smedley Dynamometer. Fit
(normal G-8 and normal HGST), Vulnerable (abnormal G-8 or abnormal HGST), and Frail (abnormal G-8 and abnormal HGST). 3 Unfit
for surgery encompasses patients considered medically inoperable or best served with SBRT. # Patients were randomized 1:1 to receive
CGA or not upon inclusion in the previous randomized study. A statistically significant difference was found in ECOG-PS scores between
patients with normal vs. abnormal G-8 scores (p = 0.05). Otherwise, no statistically significant differences were observed between the two
G-8 groups, the three G-8 groups, or the fit, vulnerable, or frail combination groups.
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