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Abstract
Background Assessment of handgrip strength and fat-free mass provides quick and objective information on muscle performance and mass that might complement subjective World Health Organization Performance Status (WHO PS). We investigated
to what extent the presence of pre-treatment handgrip weakness and low fat-free mass index (FFMI) provides additional prognostic information on top of well-established prognostic factors (including WHO PS) in non-small cell lung cancer (NSCLC) patients selected for curative-intent (chemo)radiation.
Methods Prospectively, patients with early and locally advanced NSCLC (stages I-III) treated with (chemo)radiation were enrolled. Handgrip weakness and low FFMI, derived from bioelectrical impedance analysis, were deﬁned using normative values
and were correlated with overall survival (OS).
Results We included 936 patients (age 68 ± 10 years; 64% male; 19% stage I, 9% stage II, and 72% stage III disease; 26%
handgrip weakness; 27% low FFMI). In patients with good performance status (WHO PS 0 or 1), handgrip weakness and
low FFMI were signiﬁcant prognostic factors for OS, after adjustment for age, gender, disease stage, and co-morbidities.
The combined presence of handgrip weakness and low FFMI was a strong prognostic factor for OS when compared with patients with normal handgrip strength and FFMI (hazard ratio: 1.79, 95% conﬁdence interval: 1.34–2.40, P < 0.0001). In patients
with impaired performance status (WHO PS ≥ 2, 19% of sample), handgrip weakness and low FFMI were not related to OS.
Conclusions In early and locally advanced NSCLC patients treated with curative-intent (chemo)radiation who have good
WHO PS, patients with combined handgrip weakness and low FFMI have the worst prognosis.
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Introduction
Lung cancer is amongst the biggest killers worldwide, accounting for 1.7 million deaths annually.1 Although survival
rates are improving because of advanced diagnostic

strategies and new effective treatment modalities, mortality
rates continue to be high.
Adequate scoring of patients’ performance status is important for assessment of prognosis and to determine the optimal therapeutic approach. In routine clinical practice,
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performance status is commonly estimated using the World
Health Organization Performance Status (WHO PS), which is
a doctor-reported outcome.2 It is likely that doctors underestimate or overestimate the patient’s true performance status.3 Also, in patients with a good physical performance
status (WHO PS 0–1), outcome is still heterogeneous.4 Therefore, a more objective evaluation of patient’s performance
status may complement or substitute WHO PS.
Computed tomography-derived low muscle mass, as a
marker of impaired performance, is a strong prognostic factor
for mortality in patients with non-small cell lung cancer
(NSCLC).5–7 However, ideally, the evaluation of performance
status should be cheap, fast, and easy to implement in routine practice. Handgrip strength is a simple and quick measure of muscle function. The maximal handgrip strength is
decreased in locally advanced and metastatic NSCLC patients,8 and cancer patients with low handgrip strength have
worse survival rates.9 Next to survival, low handgrip strength
is associated with low muscle mass.9,10 A simple screening
measure for muscle loss is assessing fat-free mass (FFM) by
bioelectrical impedance. To date, information on the prognostic value of maximal handgrip strength and FFM in addition to WHO PS in patients with NSCLC treated with
curative intent is lacking.
Our hypothesis was that assessment of handgrip strength
and FFM may provide additional prognostic information on
top of well-established prognostic factors (including age, gender, disease stage, and WHO PS) in a large prospective cohort
of patients with stage I-III NSCLC selected for radiotherapy
with curative intent.

Material and methods
Study design and patients
Between July 2006 and June 2015, a prospective cohort
study was conducted at MAASTRO Clinic, Maastricht University Medical Centre, Maastricht, the Netherlands. All
consecutive patients with primary NSCLC receiving radiation
treatment with curative intent were enrolled. This project
was approved by the internal review board of MAASTRO
Clinic.
The following parameters were registered: age, gender,
TNM classiﬁcation (based on the TNM classiﬁcation of malignant tumours 6th edition from 2006 to December 2009, 7th
edition thereafter), treatment modality [primary radiotherapy, concurrent chemoradiotherapy (CRT), and sequential
CRT; see below for detailed information], Charlson comorbidity index, WHO PS, maximal handgrip strength, FFM,
weight, height, date of ﬁrst irradiation, and date of last consultation or date of death. All physical assessments were performed at ﬁrst consultation for radiation treatment.

Survival was deﬁned as time from date of start of radiation
therapy up to death of any cause or date of last visit. Last survival update was August 2018. On this date, survival status of
all patients was checked using the electronic records of the
Dutch national death registry.

Measurement protocols
Maximal handgrip strength was measured with a Jamar hydraulic hand dynamometer (JA Preston Corporation, Jackson,
MI, USA). The handle was adjusted individually to the size of
the patient’s hand. The measurement was carried out with
the patient seated upright with the arms leaning on the
arm-rests with the elbows in 90° ﬂexion. The patient was
instructed to grip the handle with maximal strength during
3 s. The measurements were repeated three times for the left
and right hand. This is based on literature suggesting that
performing three attempts lowers the risk of misclassiﬁcation
bias (weak vs. not weak) in middle-aged and older adults.11
The highest value for both sides was registered. Patients with
handgrip weakness (i.e. maximal handgrip strength below the
10th percentile of the UK Biobank reference values, taking
gender, age, and height into account12 in at least one side)
were identiﬁed.
World Health Organization Performance Status was
assessed by the radiation oncologist. Patients were grouped
based on WHO PS score, that is, patients with a score zero
or one vs. patients with score two or higher.13 Patients with
a score of two or higher were classiﬁed to have a low performance status.
The Charlson co-morbidity index was calculated based on
review of individual medical records.14
Body height was determined to the nearest 0.5 cm with
subjects standing barefoot. Body weight was assessed while
subjects wore light clothing and no shoes. Body composition
was estimated using single-frequency (50 kHz) hand-to-hand
bioelectrical impedance analysis (BIA) (Omron Healthcare
Group, Hoofddorp, The Netherlands). Patients were standing
with legs apart and arms straight forward, holding the device
with both hands. FFM was calculated by subtracting fat mass
from total body weight. FFM index (FFMI, kg/m2) was calculated by dividing FFM by height squared. Low FFM was deﬁned as an FFMI below 17 kg/m2 in male patients and
below 15 kg/m2 in female patients, in line with the Global
Leadership Initiative on Malnutrition criteria for the diagnosis
of malnutrition.15

Radiotherapy treatment
All patients underwent a planned 2-deoxy-2[ﬂuorine-18]
ﬂuoro-D-glucose positron emission tomography integrated
with computed tomography scan for delineation of target
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volumes. Dose prescription was based on the International
Commission on Radiation Units 50 and 63 guidelines. Stage
I tumours were treated with stereotactic radiotherapy (8 ×
7.5 Gy) or fractionated radiotherapy if the tumours were centrally located or overlapped with mediastinal structures (maximally 24 × 2.75 Gy). Stage II tumours were treated with
fractionated radiotherapy (24 × 2.75 Gy). Stage III tumours
were treated with an individualized isotoxic scheme based
on normal tissue constraints. The full and detailed methodology has been published previously.16,17

Treatment
Depending on disease stage and based on patients’ overall
health status, patients were treated with primary radiotherapy, sequential CRT, or concurrent CRT. Primary radiotherapy
was deﬁned as radiotherapy, fractionated radiotherapy, or
stereotactic body radiotherapy alone. Patients who received
post-operative radiotherapy after lobectomy or pneumonectomy because of a positive resection margin (R1) and/or persistent N2 disease were excluded from the current analyses.
Sequential CRT was deﬁned as chemotherapy followed by radiotherapy with no overlap between the two modalities. Concurrent CRT was deﬁned as treatment with chemotherapy
and radiotherapy with any overlap between the two modalities. Generally, patients received one or more cycles of induction chemotherapy (cisplatin/carboplatin and gemcitabine, or
cisplatin/carboplatin and etoposide) followed by concurrent
CRT. For concurrent chemotherapy and radiotherapy, from
2006 to 2011, chemotherapy consisted of cisplatin and vinorelbine and from 2012 onwards of cisplatin and etoposide.

Statistical analyses
All statistical analyses were performed with SAS 9.4. Variables
were expressed as mean ± standard deviation, median (quartile 1; quartile 3), or in absolute number and proportion, as
appropriate. Between-groups comparisons were performed
using independent Student’s t-tests for continuous variables
or χ 2 tests for categorical data. Overall survival (OS) was
analysed using two-sided log-rank, and survival curves were
estimated using the Kaplan–Meier method. Nonproportionality was assessed by log minus log plots and
Schoenfeld residuals test. Cox proportional hazard models
were used to assess the relationship of handgrip weakness
and low FFM with OS during follow-up in patients with preserved (WHO PS 0 or 1) and impaired (WHO PS ≥ 2) performance status. Hazard ratios (HRs) and their 95% conﬁdence
intervals (CIs) were calculated. Analyses were adjusted for
age, gender, disease stage, and Charlson co-morbidity index.
Two-sided P-values lower than 0.05 were considered as statistically signiﬁcant.
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Results
In total, 1226 NSCLC patients were enrolled in the study. Two
hundred ninety patients were excluded because of missing
data in one or more of the outcomes used in our model (handgrip strength, n = 48; WHO PS, n = 87; FFMI, n = 90; Charlson
co-morbidity index, n = 254). Consequently, 936 patients were
eligible for analyses (stage I: n = 174; stage II: n = 83; stage III: n
= 679). Table 1 summarizes the baseline patient and treatment
characteristics. Mean age was 68 years (range 32–91), and
64% were male. Patients received primary radiotherapy
(34.4%), concurrent CRT (54.2%), or sequential CRT (11.4%).
Twenty-six per cent of the patients showed handgrip
weakness at baseline. These weakened patients had worse
WHO PS (PS 2 or higher: 28% vs. 11%; P < 0.001), were older
(71 ± 10 vs. 66 ± 10 years; P < 0.0001), were more likely to be
male (74% vs. 60%; P < 0.001), had a lower body mass index
(24.3 ± 4.6 vs. 25.1 ± 4.4 kg/m2; P = 0.015), a higher likelihood
of low FFMI (38% vs. 23%; P < 0.0001), and had a higher
Charlson co-morbidity index score (3.8 ± 1.7 vs. 3.1 ± 1.5
points; P < 0.0001) compared with patients with a normal
handgrip strength.
Twenty-seven per cent of the patients showed low FFMI at
baseline. These patients had worse WHO PS (PS 2 or higher:
22% vs. 12%; P < 0.0002), were more likely to be female
(42% vs. 34%; P < 0.029), had a lower body mass index
(20.9 ± 2.8 vs. 26.4 ± 4.0 kg/m2; P = 0.015), a higher likelihood
of handgrip weakness (36% vs. 22%; P < 0.0001), and had a
higher Charlson co-morbidity index score (3.4 ± 1.5 vs. 3.2 ±
1.6 points; P < 0.047) compared with patients with a normal
FFMI.
Handgrip weakness occurred most often in patients with
disease stage II (29% stage I, 40% stage II, 23% stage III; P =
0.003). A low FFMI occurred most often in patients with disease stages I and II (32% stage I, 35% stage II, 25% stage III; P
= 0.038).
Combined handgrip weakness and low FFMI was found in
92 patients (10% of total sample). Handgrip weakness was
identiﬁed in 151 patients (16%) with normal FFMI, while
low FFMI was seen in 162 patients (17%) without handgrip
weakness. The majority of patients (n = 531; 57%) presented
neither handgrip weakness nor low FFMI.

Overall survival
Median follow-up was 60 months (range 26–60), and at the
time of analysis, 683 patients (73%) had died. Median OS
(95% CI) for the whole cohort was 23 months (95% CI: 21–25).
Patients with World Health Organization Performance Status
0–1
At baseline, the majority of patients (n = 794; 85%) exhibited
WHO PS 0 or 1. Median OS was 24 months (95% CI: 22–27). In
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Table 1 Baseline characteristics

Age in years, mean (range)
>75 years, N (%)
Male gender, N (%)
WHO PS
0
1
2
3
4
Histology, N (%)
Adenocarcinoma
Squamous cell carcinoma
Large cell carcinoma
Undifferentiated NSCLC
No histological diagnosis
Charlson co-morbidity index, mean ± SD
Treatment strategy
Primary radiotherapy
Concurrent CRT
Sequential CRT
2
BMI in kg/m , mean ± SD
2
FFMI in kg/m , mean ± SD
Male
Female
Low FFMI,a N (%)
Male
Female
HGS in kg, mean ± SD
Right
Left
Handgrip weakness,b N (%)

All patients
(N = 936)

Stage I
(N = 174)

Stage II
(N = 83)

Stage III
(N = 679)

68 (32–91)
226 (24)
598 (64)

72 (42–91)
71 (41)
101 (57)

73 (48–89)
37 (45)
60 (72)

66 (32–89)
118 (17)
437 (65)

221 (24)
573 (61)
128 (14)
13 (1)
1 (0)

31 (18)
100 (57)
38 (22)
5 (3)
0 (0)

15 (18)
47 (57)
17 (20)
4 (5)
0 (0)

175 (26)
426 (63)
73 (11)
4 (1)
1 (0)

215 (23)
334 (36)
125 (13)
160 (17)
102 (11)
3.2 ± 1.6

20 (12)
39 (22)
11 (6)
19 (11)
85 (49)
4.0 ± 1.3

16 (19)
38 (46)
7 (8)
15 (18)
7 (8)
4.2 ± 1.5

179 (26)
257 (38)
107 (16)
126 (19)
10 (1)
2.9 ± 1.6

322 (35)
507 (54)
107 (11)
24.9 ± 4.5

174 (100)
0 (0)
0 (0)
25.0 ± 4.8

69 (83)
12 (15)
2 (2)
24.8 ± 4.1

79 (12)
495 (73)
105 (15)
24.9 ± 4.4

18.4 ± 2.2
16.0 ± 2.6

18.3 ± 2.1
15.7 ± 2.7

18.0 ± 2.5
15.6 ± 2.8

18.5 ± 2.2
16.1 ± 2.5

148 (25)
106 (31)

24 (24)
32 (42)

20 (33)
9 (39)

104 (24)
65 (27)

30.6 ± 10.9
29.4 ± 11.0
243 (26)

28.6 ± 10.8
27.1 ± 10.8
52 (30)

27.7 ± 9.9
27.2 ± 10.9
33 (40)

31.5 ± 10.9
30.2 ± 10.9
158 (23)

WHO PS, World Health Organization Performance Status; NSCLC, non-small cell lung cancer; SD, standard deviation; CRT, chemoradiation;
BMI, body mass index; FFMI, fat-free mass index; HGS, handgrip strength.
2
2
FFMI < 17 kg/m in male patients and <15 kg/m in female patients.
b
<10th percentile of established normative values [12].
a

this subsample, handgrip weakness was present in 176 patients (22%), while low FFMI was found in 197 patients (25%).
Median OS was signiﬁcantly lower in patients with handgrip weakness compared with patients with normal handgrip
strength (OS = 19 months, 95% CI: 15–23 vs. OS = 27 months,
95% CI: 24–32, P < 0.0001; HR = 1.43, 95% CI: 1.18–1.74, P <
0.001; Figure 1A).
Median OS was signiﬁcantly lower in patients with low
FFMI compared with patients with normal FFMI (OS = 21
months, 95% CI: 17–24 vs. OS = 27 months, 95% CI: 23–30,
P = 0.049; HR = 1.21, 95% CI: 1.00–1.46, P = 0.049; Figure 1B).
On multivariate analysis, handgrip weakness (HR = 1.31,
95% CI: 1.07–1.59, P = 0.008) and low FFMI (HR = 1.24, 95%
CI: 1.03–1.51, P = 0.024) were associated with OS, when
corrected for age, gender, disease stage, and Charlson comorbidity index (Table 2).
Sixty-one patients (8%) presented with a combination of
both handgrip weakness and low FFMI. Median OS was significantly lower in patients who showed a combination of handgrip weakness and low FFMI compared with patients with
normal handgrip strength and normal FFMI (OS = 15 months,
95% CI: 12–20 vs. 28 months, 95% CI: 24–34, P < 0.001; HR

= 1.80, 95% CI: 1.34–2.41, P < 0.001; Figure 1C). Multivariate
analysis, including age, gender, disease stage, and Charlson
co-morbidity index, identiﬁed the combined presence of handgrip weakness and low FFMI (HR = 1.79, 95% CI: 1.34–2.40, P <
0.001) as independent prognostic factor for OS (Table 2).
Patients with World Health Organization Performance Status
>2
At baseline, WHO PS ≥ 2 was observed in 142 patients (15%
of the whole sample). Median OS was 13 months (95% CI:
9–18). In this subsample, handgrip weakness was present in
67 patients (47%), while low FFMI was found in 57 patients
(40%).
There was no signiﬁcant difference in OS between patients
with and without handgrip weakness and patients with and
without low FFMI (Table 2).

Discussion
To our knowledge, this is the ﬁrst prospective study addressing the prognostic value of low handgrip strength and low
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Figure 1 A. Kaplan–Meier survival plots in non-small cell lung cancer patients with World Health Organization performance score 0 or 1 (n = 794):
handgrip weakness. B. Kaplan–Meier survival plots in non-small cell lung cancer patients with World Health Organization performance score 0 or 1
(n = 794): low fat-free mass index (FFMI). C. Kaplan–Meier survival plots in non-small cell lung cancer patients with World Health Organization performance score 0 or 1 (n = 794): combination of handgrip weakness and low fat-free mass index (FFMI).

FFMI in patients with NSCLC treated with (chemo)radiation
with curative intent. Despite a good WHO PS, 26% and 27%
of the patients were identiﬁed with handgrip weakness and
low FFMI, respectively. In the subset of patients with wellpreserved performance status (WHO PS 0 or 1), both handgrip
weakness and low FFMI were independent prognostic factors
of OS during 5 year follow-up. Additionally, patients with combined handgrip weakness and low FFMI exhibited the worst
survival rates compared with patients with normal handgrip
strength and normal FFMI. Therefore, handgrip weakness
and low FFM provide additional objective discriminatory information of patients’ prognosis, which complements WHO PS.
It can be speculated that similar results would be obtained
in other cancer types in which muscle wasting and weakness
are prevalent and have prognostic value, such as colorectal
cancer, gastroesophageal cancer, breast cancer, and headand-neck cancer.18–20 However, the extent to which these
ﬁndings can directly be translated to other cancer populations remains to be elucidated.
Current strategies mostly employ WHO PS to assess
which patients are deemed ﬁt enough to undergo curative
treatment. Given the subjective nature of the physician reported WHO PS, it is imperative that additional strategies
are employed in order to provide accurate and objective
scoring of health status in patients considered for curative
treatment. The measurement of handgrip strength and
FFM could be an easy and non-invasive method to provide

this additional information. These measurements are quick
(e.g. less than 5 min), cheap, and require only minimal
training of the assessor. Furthermore, measurement results
are immediately accessible for interpretation and record
keeping. Reliability coefﬁcients for handgrip strength and
bioelectrical impedance are acceptable in sarcopenic
populations.21,22
Furthermore, our data clearly show that these measurements are able to further detect patient with worse prognosis
within a cohort of patients with well-preserved performance
status based on WHO PS score, suggesting that the additional
assessment of handgrip weakness and low FFMI during a
screening procedure increases its sensitivity to detect vulnerable patients. Whether improved prognostic screening translates into a better tailored individual treatment schedule or
effective supportive treatment remains to be elucidated.23
One small study examined the value of BIA-derived FFM
and physical performance utilizing short physical performance battery in predicting chemotherapy course completion.24 The authors concluded that these tools were helpful
for prediction of treatment completion. However, data about
survival and WHO PS were lacking.24
Few studies have investigated handgrip strength and muscle mass separately in relation to survival. Handgrip weakness
has been shown to correlate with survival in several chronic
disease conditions [9, 10]. A study in patients with locally advanced, metastatic, or recurrent NSCLC or gastrointestinal
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Table 2 Univariate and multivariate Cox proportional hazard models
WHO PS ≥ 2
(n = 142)

WHO PS 0 or 1
(n = 794)

Univariate analysis
Handgrip weaknessa
Low FFMIb
Multivariate analysis
Handgrip weaknessa
Low FFMIb
Male genderc
Age (per year older)
Disease stage IId
Disease stage IIId
Charlson co-morbidity index (per point increase)
Multivariate analysis combining handgrip weakness and
Handgrip weakness + normal FFMIe
Normal handgrip strength + low FFMIe
Handgrip weakness + low FFMIe
Male gendere
Age (per year older)
Disease stage IId
Disease stage IIIe
Charlson co-morbidity index (per point increase)

HR

95% CI

P-value

HR

95% CI

P-value

1.43
1.21

1.18–1.74
1.00–1.46

<0.001
0.049

1.10
1.09

0.77–1.58
0.76–1.57

0.60
0.65

1.31
1.24
1.15
1.01
1.36
1.82
1.05
low FFMI
1.20
1.15
1.79
1.14
1.01
1.38
1.83
1.15

1.07–1.59
1.03–1.51
0.95–1.38
0.99–1.03
0.94–1.96
1.42–2.34
0.96–1.14

0.008
0.024
0.14
0.06
0.11
<0.001
0.27

1.02
1.15
1.23
1.01
0.96
2.05
1.08

0.69–1.51
0.78–1.67
0.82–1.83
0.98–1.04
0.51–1.80
1.32–3.16
0.92–1.26

0.91
0.49
0.32
0.44
0.89
0.001
0.34

0.94–1.53
0.91–1.45
1.34–2.40
0.94–1.37
1.00–1.03
0.95–2.00
1.42–2.35
0.91–1.46

0.14
0.23
<0.0001
0.18
0.06
0.09
<0.0001
0.23

1.25
1.43
1.12
1.25
1.01
1.00
2.09
1.07

0.76–2.04
0.86–2.39
0.67–1.86
0.83–1.86
0.98–1.04
0.53–1.88
1.35–3.22
0.92–1.26

0.38
0.17
0.67
0.28
0.40
0.99
<0.001
0.38

WHO PS, World Health Organization Performance Status; CI, conﬁdence interval; FFMI, fat-free mass index; HR, hazard ratio.
Ref: No handgrip weakness.
2
2
FFMI < 17 kg/m in male patients and <15 kg/m in female patients; Ref: FFMI equal to or above these cut-offs.
c
Ref: Female gender.
d
Ref: Disease stage I.
e
Ref: Normal handgrip strength and normal FFMI.
a

b

malignancy has shown that handgrip strength is also a prognostic factor in the setting of advanced malignancy [6]. However, these authors did not correct their analysis for WHO PS
score, which is considered an important prognostic factor, related to handgrip strength.9 Handgrip weakness was present
in 25% of patients, which is a high proportion compared with
a cohort of patients with moderate to very severe chronic obstructive pulmonary disease, in which 15% showed handgrip
weakness using the same criteria.25
This study found that also nearly one out of every four patients exhibited low FFM prior to start of treatment, which
was an independent prognostic marker in NSCLC patients.
This is in line with previous literature regarding computed
tomography-derived muscle mass.26
The strength of this study comes from its prospective nature and the large sample size. A potential drawback of the
study includes the fact that it is a single-institutional study.
Second, FFMI was measured by BIA, which is inferior to FFMI
derived from dual-energy X-ray absorptiometry or computed
tomography,27–30 as it tends to underestimate FFM in patients with cancer.31 However, BIA is less expensive and easy
to implement. The implementation of fast, cost-efﬁcient,
and feasible measures to quantify body composition is an
important challenge in the oncology domain.32 Third,
co-morbidities were collected directly from original medical
records, but underreporting cannot be excluded. Because
co-morbidities potentially have an impact on muscle tissue,33
it is important to inventorize them in a standard manner.

Nevertheless, we assume that co-morbidities that have a major impact on patients’ condition and treatment have been
noted. Fourth, this study only included patients that were selected for curative-intent (chemo)radiation. Therefore, selected patients with disease stages I and II were more likely
to have a lower performance status compared with a random
sample of patients with disease stages I and II. This is
reﬂected by the higher frequency of handgrip weakness and
low FFMI in these patients groups compared with patients
with disease stage III. Fifth, we did not record patterns of recent weight loss in our patients, which is an established and
easy to assess prognostic factor in patients with cancer.34
Recently, a revised European consensus on deﬁnition and
diagnosis of sarcopenia has been published.35 This guideline
proposes a single cut-off for each gender to deﬁne handgrip
weakness as a screening tool for sarcopenia next to body
composition. Given the observation that height, age, and
gender are strongly related to handgrip strength in a sample
502 713 healthy adults,12 we opted to use individually deﬁned cut-off values to deﬁne handgrip weakness.
In conclusion, these results indicate that handgrip weakness and low FFMI are independent prognostic factors for
OS in patients with early and locally advanced NSCLC treated
with curative-intent (chemo)radiation. They might be of particular interest in the large subset of patients with wellpreserved performance status according to the treating physician. Patients with combined handgrip weakness and low
FFMI clearly have a worse prognosis in this patient group.
Journal of Cachexia, Sarcopenia and Muscle 2020; 11: 424–431
DOI: 10.1002/jcsm.12526

430

C. Burtin et al.

Acknowledgements

Conﬂict of interest

This work was supported by Limburg Kankerfonds and a
MUMC2020 grant from Maastricht University Medical Centre. The authors of this manuscript certify that they comply
with the ethical guidelines for authorship and publishing in
the Journal of Cachexia, Sarcopenia and Muscle.36

All authors declare that they have no relevant conﬂict of
interest.

References
1. Global health estimates 2016. deaths by
cause, age, sex, by country and by region,
2000-2016, Vol. 2018. Geneva: World
Health Organization.
2. Buccheri G, Ferrigno D, Tamburini M.
Karnofsky and ECOG performance status
scoring in lung cancer: a prospective, longitudinal study of 536 patients from a single
institution.
Eur
J
Cancer.
1996;32A:1135–1141.
3. Ando M, Ando Y, Hasegawa Y, Shimokata
K, Minami H, Wakai K, et al. Prognostic
value of performance status assessed by
patients themselves, nurses, and oncologists in advanced non-small cell lung cancer. Br J Cancer. 2001;85:1634–1639.
4. Vinod SK, Sidhom MA, Gabriel GS, Lee MT,
Delaney GP. Why do some lung cancer patients receive no anticancer treatment? J
Thorac Oncol. 2010;5:1025–1032.
5. Deng HY, Hou L, Zha P, Huang KL, Peng L.
Sarcopenia is an independent unfavorable
prognostic factor of non-small cell lung cancer after surgical resection: a comprehensive systematic review and meta-analysis.
Eur J Surg Oncol. 2019;45:728–735.
6. Kiss N, Beraldo J, Everitt S. Early skeletal
muscle loss in non-small cell lung cancer
patients receiving chemoradiation and relationship to survival. Support Care Cancer.
2019;27:2657–2664.
7. Buentzel J, Heinz J, Bleckmann A, Bauer
C, Rover C, Bohnenberger H, et al.
Sarcopenia as prognostic factor in
lung cancer patients: a systematic review
and meta-analysis. Anticancer Res. 2019;
39:4603–4612.
8. Brown DJ, McMillan DC, Milroy R. The
correlation between fatigue, physical function, the systemic inﬂammatory response,
and psychological distress in patients with
advanced lung cancer. Cancer. 2005;
103:377–382.
9. Kilgour RD, Vigano A, Trutschnigg B, Lucar
E, Borod M, Morais JA. Handgrip strength
predicts survival and is associated with
markers of clinical and functional outcomes
in advanced cancer patients. Support Care
Cancer. 2013;21:3261–3270.
10. Prado CM, Lieffers JR, Bowthorpe L,
Baracos VE, Mourtzakis M, McCargar LJ.
Sarcopenia and physical function in overweight patients with advanced cancer.
Can J Diet Pract Res. 2013;74:69–74.

11. Reijnierse EM, de Jong N, Trappenburg MC,
Blauw GJ, Butler-Browne G, Gapeyeva H,
et al. Assessment of maximal handgrip
strength: how many attempts are needed?
J
Cachexia
Sarcopenia
Muscle.
2017;8:466–474.
12. Spruit MA, Sillen MJ, Groenen MT,
Wouters EF, Franssen FM. New normative
values for handgrip strength: results from
the UK Biobank. J Am Med Dir Assoc.
2013;14:775–711.
13. Schild SE, Tan AD, Wampﬂer JA, Ross HJ,
Yang P, Sloan JA. A new scoring system
for predicting survival in patients with
non-small cell lung cancer. Cancer Med.
2015;4:1334–1343.
14. Charlson ME, Pompei P, Ales KL, MacKenzie
CR. A new method of classifying prognostic
comorbidity in longitudinal studies: development and validation. J Chronic Dis.
1987;40:373–383.
15. Cederholm T, Jensen GL, Correia M,
Gonzalez MC, Fukushima R, Higashiguchi T,
et al. GLIM criteria for the diagnosis of malnutrition—a consensus report from the
global clinical nutrition community. J Cachexia Sarcopenia Muscle. 2019;10(1):
207-17.
16. De Ruysscher D, van Baardwijk A, Steevens
J, Botterweck A, Bosmans G, Reymen B,
et al. Individualised isotoxic accelerated radiotherapy and chemotherapy are associated with improved long-term survival of
patients with stage III NSCLC: a prospective
population-based study. Radiother Oncol.
2012;102:228–233.
17. van Baardwijk A, Wanders S, Boersma L,
Borger J, Ollers M, Dingemans AM, et al.
Mature results of an individualized radiation dose prescription study based on normal tissue constraints in stages I to III nonsmall-cell lung cancer. J Clin Oncol.
2010;28:1380–1386.
18. Shachar SS, Williams GR, Muss HB,
Nishijima TF. Prognostic value of
sarcopenia in adults with solid tumours: a
meta-analysis and systematic review. Eur J
Cancer. 2016;57:58–67.
19. Rossi F, Valdora F, Bignotti B, Torri L, Succio
G, Tagliaﬁco AS. Evaluation of body computed tomography-determined sarcopenia
in breast cancer patients and clinical outcomes: a systematic review. Cancer Treat
Res Commun. 2019;21:100154.

20. Willemsen ACH, Hoeben A, Lalisang RI, Van
Helvoort A, Wesseling FWR, Hoebers F,
et al. Disease-induced and treatmentinduced alterations in body composition in
locally advanced head and neck squamous
cell carcinoma. J Cachexia Sarcopenia Muscle 2019; Epub 2019/09/20.
21. Jenkins NDM, Cramer JT. Reliability and
minimum detectable change for common
clinical physical function tests in sarcopenic
men and women. J Am Geriatr Soc.
2017;65:839–846.
22. Schols AM, Dingemans AM, Soeters PB,
Wouters EF. Within-day variation of bioelectrical resistance measurements in patients with chronic obstructive pulmonary
disease. Clin Nutr. 1990;9:266–271.
23. Kurk S, Peeters P, Stellato R, Dorresteijn B,
de Jong P, Jourdan M, et al. Skeletal muscle
mass loss and dose-limiting toxicities in
metastatic colorectal cancer patients. J Cachexia
Sarcopenia
Muscle.
2019;10:803–813.
24. Collins JT, Noble S, Chester J, Davies HE, Evans WD, Farewell D, et al. The value of
physical performance measurements
alongside assessment of sarcopenia in
predicting receipt and completion of
planned treatment in non-small cell lung
cancer: an observational exploratory study.
Support Care Cancer. 2018;26:119–127.
25. Burtin C, Ter Riet G, Puhan MA, Waschki B,
Garcia-Aymerich J, Pinto-Plata V, et al.
Handgrip weakness and mortality risk in
COPD: a multicentre analysis. Thorax.
2016;71:86–87.
26. Martin L, Birdsell L, Macdonald N, Reiman
T, Clandinin MT, McCargar LJ, et al. Cancer
cachexia in the age of obesity: skeletal
muscle depletion is a powerful prognostic
factor, independent of body mass index. J
Clin Oncol. 2013;31:1539–1547.
27. Mourtzakis M, Prado CM, Lieffers JR,
Reiman T, McCargar LJ, Baracos VE. A practical and precise approach to quantiﬁcation
of body composition in cancer patients
using computed tomography images acquired during routine care. Appl Physiol
Nutr Metab. 2008;33:997–1006.
28. Ellegard LH, Ahlen M, Korner U,
Lundholm KG, Plank LD, Bosaeus IG. Bioelectric impedance spectroscopy underestimates fat-free mass compared to dual
energy X-ray absorptiometry in incurable

Journal of Cachexia, Sarcopenia and Muscle 2020; 11: 424–431
DOI: 10.1002/jcsm.12526

431

Handgrip weakness, low FFM, and overall survival in NSCLC
cancer patients. Eur J Clin Nutr.
2009;63:794–801.
29. Trutschnigg B, Kilgour RD, Reinglas J,
Rosenthall L, Hornby L, Morais JA, et al.
Precision and reliability of strength (Jamar
vs. Biodex handgrip) and body composition
(dual-energy X-ray absorptiometry vs.
bioimpedance analysis) measurements in
advanced cancer patients. Appl Physiol
Nutr Metab. 2008;33:1232–1239.
30. Ceniccola GD, Castro MG, Piovacari SMF,
Horie LM, Correa FG, Barrere APN, et al.
Current technologies in body composition
assessment: advantages and disadvantages. Nutrition. 2019;62:25–31.
31. Haverkort EB, Reijven PL, Binnekade JM, de
van der Schueren MA, Earthman CP,

Gouma DJ, et al. Bioelectrical impedance
analysis to estimate body composition in
surgical and oncological patients: a systematic review. Eur J Clin Nutr. 2015;69:3–13.
32. Brown JC, Cespedes Feliciano EM, Caan BJ.
The evolution of body composition in
oncology-epidemiology, clinical trials, and
the future of patient care: facts and numbers. J Cachexia Sarcopenia Muscle.
2018;9:1200–1208.
33. Gronberg BH, Valan CD, Halvorsen T,
Sjoblom B, Jordhoy MS. Associations between severe co-morbidity and muscle
measures in advanced non-small cell lung
cancer patients. J Cachexia Sarcopenia
Muscle 2019; Epub 2019/08/07.

34. Vagnildhaug OM, Blum D, Wilcock A,
Fayers P, Strasser F, Baracos VE, et al. The
applicability of a weight loss grading system in cancer cachexia: a longitudinal analysis. J Cachexia Sarcopenia Muscle.
2017;8:789–797.
35. Cruz-Jentoft AJ, Bahat G, Bauer J, Boirie Y,
Bruyere O, Cederholm T, et al. Sarcopenia:
revised
European
consensus
on
deﬁnition and diagnosis. Age Ageing. 2019;
48:601.
36. von Haehling S, Morley JE, Coats AJS, Anker
SD. Ethical guidelines for publishing in the
Journal of Cachexia, Sarcopenia and Muscle: update 2017. J Cachexia Sarcopenia
Muscle. 2017;8:1081–1083.

Journal of Cachexia, Sarcopenia and Muscle 2020; 11: 424–431
DOI: 10.1002/jcsm.12526

