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Abstract

Background Hand grip strength (HGS) is a widely used functional test for the assessment of strength and functional
status in patients with cancer, in particular with cancer cachexia. The aim was to prospectively evaluate the prognostic
value of HGS in patients with mostly advanced cancer with and without cachexia and to establish reference values for a
European-based population.
Methods In this prospective study, 333 patients with cancer (85% stage III/IV) and 65 healthy controls of similar age
and sex were enrolled. None of the study participants had significant cardiovascular disease or active infection at base-
line. Repetitive HGS assessment was performed using a hand dynamometer to measure the maximal HGS (kilograms).
Presence of cancer cachexia was defined when patients had ≥5% weight loss within 6 months or when body mass index
was <20.0 kg/m2 with ≥2% weight loss (Fearon’s criteria). Cox proportional hazard analyses were performed to assess
the relationship of maximal HGS to all-cause mortality and to determine cut-offs for HGS with the best predictive
power. We also assessed associations with additional relevant clinical and functional outcome measures at baseline, in-
cluding anthropometric measures, physical function (Karnofsky Performance Status and Eastern Cooperative of Oncol-
ogy Group), physical activity (4-m gait speed test and 6-min walk test), patient-reported outcomes (EQ-5D-5L and Vi-
sual Analogue Scale appetite/pain) and nutrition status (Mini Nutritional Assessment).
Results The mean age was 60 ± 14 years; 163 (51%) were female, and 148 (44%) had cachexia at baseline. Patients
with cancer showed 18% lower HGS than healthy controls (31.2 ± 11.9 vs. 37.9 ± 11.6 kg, P < 0.001). Patients with
cancer cachexia had 16% lower HGS than those without cachexia (28.3 ± 10.1 vs. 33.6 ± 12.3 kg, P < 0.001). Patients
with cancer were followed for a mean of 17 months (range 6–50), and 182 (55%) patients died during follow-up (2-
year mortality rate 53%) (95% confidence interval 48–59%). Reduced maximal HGS was associated with increased
mortality (per �5 kg; hazard ratio [HR] 1.19; 1.10–1.28; P < 0.0001; independently of age, sex, cancer stage, cancer
entity and presence of cachexia). HGS was also a predictor of mortality in patients with cachexia (per �5 kg; HR
1.20; 1.08–1.33; P= 0.001) and without cachexia (per �5 kg; HR 1.18; 1.04–1.34; P= 0.010). The cut-off for maximal
HGS with the best predictive power for poor survival was <25.1 kg for females (sensitivity 54%, specificity 63%) and
<40.2 kg for males (sensitivity 69%, specificity 68%).
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Conclusions Reduced maximal HGS was associated with higher all-cause mortality, reduced overall functional status
and decreased physical performance in patients with mostly advanced cancer. Similar results were found for patients
with and without cancer cachexia.
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Introduction

Hand grip strength (HGS) is an easy and non-invasive method
to assess muscle strength in the clinical setting.1 In the general
population, low HGS is associated with increased all-cause
mortality and higher cardiovascular, respiratory and cancer
risks.2 In patients with advanced cancer, HGS is also associated
withmalnutrition, altered cognitive function and poor progno-
sis after surgery.3,4 However, in the largest interventional can-
cer cachexia trial evaluating orally active anamorelin, a selec-
tive agonist for the ‘ghrelin/growth hormone secretagogue
receptor’ with anabolic and appetite-enhancing effects, com-
pared with placebo in patients with advanced non-small cell
lung cancer, no difference was observed in HGS.5 With a 1-kg
increase in lean body mass, anamorelin did not result in a
change in HGS. Investigators and regulators need standards
for the use of HGS in interventional cancer cachexia trials, in-
cluding recommendations for optimal application and cut-off
values. These recommendations need to be investigated fur-
ther and elaborated in prospective studies.

Recently, in a retrospective study from China, investigators
reported that low HGS was associated with poor survival in pa-
tients with cancer based on a cohort of 8257 patients.6 An-
other study from China published results of HGS in 1434 pa-
tients with cancer cachexia and found that low HGS was
associated with poorer 1-year survival in patients with cancer
cachexia and also calculated sex-specific cut-off points for HGS
of the non-dominant hand (males 19.9 kg, females 14.3 kg),
but the exact methodology for deriving these values was not
mentioned.7 It remains unclear whether these cut-off values
can be applied in Caucasian patients. Therefore, our study
aimed to prospectively evaluate the association of HGS with
all-cause mortality in patients with advanced-stage cancer
without any significant cardiovascular disease or active infec-
tion to establish reference values for a European-based
population.

Methods

Patient population

We prospectively recruited 333 Caucasian patients with can-
cer for HGS testing and mostly advanced-stage cancer admit-

ted to the Department of Oncology at the Charité –
Universitätsmedizin Berlin, Germany, between October 2017
and July 2021. All patients with cancer were ≥18 years of
age with a histologically confirmed active cancer and were
able to sign the informed consent form independently. Exclu-
sion criteria for our study were (1) the presence or history of
significant cardiac disease (i.e., left ventricular ejection frac-
tion [LVEF] < 50% on echocardiography, history of myocar-
dial infarction and coronary artery disease [diagnosed by in-
vasive coronary angiography or severe cardiac valve
dysfunction]); (2) ongoing antibiotic therapy or clinical signs
of an acute infection (e.g., COVID); (3) a second cancer diag-
nosis in the past 5 years prior to enrolment; and (4) presence
of severe chronic obstructive pulmonary disease (COPD)
GOLD stage III/IV (except in patients with lung cancer where
all GOLD stages were allowed).

We also recruited healthy control participants of similar
sex and age (ratio 1:5) to patients with cancer. All control par-
ticipants were healthy and without significant cardiac disease
or acute infection. Participants in either group were not ex-
cluded for the presence of type II diabetes mellitus and/or
controlled arterial hypertension.

Study protocol

In all patients with cancer and healthy controls, a detailed
medical history, Charlson Comorbidity Index,8 and a physical
examination were performed. HGS was assessed in all partic-
ipants using a hand dynamometer (Jamar Hand Dynamome-
ter, IL, USA). Patients and healthy controls were instructed
to sit upright with elbows in 90° flexion and take four serial,
alternate maximal strength tests with the hand dynamometer
on both hands for 3 s per try. Participants were asked to start
the HGS assessment with their dominant hand (right-handed
or left-handed). Maximal HGS was defined as the highest re-
sult from both hands. To compare maximal HGS with other
possible HGS assessments, we also assessed the first HGS test
and then averaged all HGS tests. All assessments were sys-
temically documented for dominant, non-dominant, right,
left and both hands, respectively. To assess HGS change over
time, we assessed HGS longitudinally in a subgroup of ran-
domly chosen patients. In 49 patients, the HGS assessment
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was repeated 1 day after the initial assessment, and in 22 pa-
tients 3–6 months after baseline.

At baseline, the following evidence-based assessments
were also performed, including anthropometric assessments
(mid-arm and calf circumference),9 physical function
(Karnofsky Performance Status [KPS]10 and Eastern Coopera-
tive of Oncology Group [ECOG] performance status11), physi-
cal activity (4-m gait speed test12 and 6-min walk test13),
patient-reported outcomes (PROs; EQ-5D-5L questionnaire14

and Visual Analogue Scale [VAS] for appetite15 and pain16),
nutrition (Mini Nutritional Assessment [MNA]17) and bio-
markers (modified Glasgow Prognostic Score [mGPS], includ-
ing a combination of C-reactive protein [CRP] and albumin
levels18,19).

We also grouped patients with cancer according to the
presence of cachexia at baseline and compared them with
healthy controls. For this purpose, cancer cachexia was de-
fined according to the international consensus criteria by
Fearon et al.20 when one or more of the following three
criteria were present: (1) weight loss ≥ 5% in the previous
6 months, (2) presence of a body mass index
(BMI) < 20 kg/m2 and any degree of weight loss > 2% or
(3) the presence of sarcopenia assessed by mid-upper-arm
muscle area by anthropometry (men <32 cm, women
<18 cm) and any degree of weight loss > 2% at baseline.
Advanced-stage cancer was defined as stage III/IV Union for
International Cancer Control (UICC),21 stage III/IV for Ann Ar-
bor classification22 and stage III for Durie and Salmon
classification.23 Follow-up was performed by the regular in-
terrogation of the electronic medical records. All patients
gave written informed consent. The study was approved by
the local ethics committee and conforms to the Declaration
of Helsinki.

Statistical analyses

We performed the Kolmogorov–Smirnov test for the assess-
ment of normal distributions. The normally distributed pa-
rameters are shown as mean ± standard deviation (SD), and
not normally distributed parameters as the median and inter-
quartile range (IQR). Student’s t-test and analysis of variance
(ANOVA) with Fisher’s post hoc test, the Mann–Whitney U
test, the Kruskal–Wallis test and the χ2 test with Fisher’s ex-
act test were used as appropriate. Cox proportional hazard
analysis was used for survival analyses in patients with can-
cer. We used the χ2 goodness-of-fit tests for the hazard re-
gression model to verify the proportional hazard assumption.
Hazard ratios (HRs), 95% confidence intervals (CIs) and P-
values are presented. The minimum follow-up for survival
was 180 days. We defined sex-specific cut-points using re-
ceiver operating characteristic (ROC) analyses and conducted
the Kaplan–Meier cumulative survival plots for illustrative
purposes. The Bland–Altman plot was performed to evaluate

the reproducibility of repeated HGS measures and to show
limits of agreement.24 The coefficient of variation (shown as
absolute and percentages) was calculated as the SD of the
differences divided by the mean of the HGS results under
consideration. A paired t-test was conducted to compare
HGS results assessed longitudinally, and individual parallel
plots were performed for illustrative purposes. In all analyses,
a P < 0.05 was considered statistically significant. Analyses
were performed using IBM Statistical Package for the Social
Sciences (SPSS) Version 26.0 (IBM Co., Armonk, NY, USA)
and SAS/STAT software, Version 9.4 (SAS Institute Inc.).

Results

Study population

The 333 patients with cancer and 65 healthy controls were
similar with respect to sex and age (Table 1). Baseline charac-
teristics including comorbidities were captured, and the study
cohort’s distribution of cancer types is displayed in Table S1.
One hundred seventy (51%) patients with cancer were fe-
males and 44% were diagnosed to have cancer cachexia. Al-
most all patients with cachexia had an advanced stage (134,
91%) and they had more comorbidities than patients without
cancer cachexia. One hundred fifteen (35%) patients with
cancer had a previous treatment with immune checkpoint in-
hibitors (ICIs). In Table 2, results of HGS and other
evidence-based assessments (anthropometric profile, physi-
cal function, physical activity, PROs, nutrition and biomarkers)
are listed.

Hand grip strength assessment

Patients with cancer showed on average 18% lower maximal
HGS values in comparison with healthy controls (31.2 ± 11.9
vs. 37.9 ± 11.6 kg, P < 0.001) (Figure 1). Patients with cancer
cachexia had on average 16% lower maximal HGS than pa-
tients without cancer cachexia (28.3 ± 10.1 vs.
33.6 ± 12.3 kg) and 25% lower HGS than healthy participants
(both P < 0.001) (Figure 1). Forty-five (13%) patients were
left-handed. Most patients with cancer (83%) reached their
maximum HGS on the right hand and 17% on the left hand.
Also, 36% of patients reached their maximum HGS with the
first try on their right hand (Figure 2). Some patients (right-
handed patients: 35 of 276, left-handed patients: 3 of 57)
reached their maximum HGS only on the fourth try (Figure 2).
Repeated maximal HGS measures performed on the first and
second days of the assessment showed a very high correla-
tion (r = 0.971) and a coefficient of variation of 5.4% (Figures
3A and 4). In a subgroup of 22 patients, repeated maximal
HGS measures after 3–6 months showed a coefficient of var-
iation of 11.8% (Figures 3B and 4). To compare these results
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with other possible HGS assessments, we also systemically
calculated coefficients of variation for different HGS assess-
ments (dominant, non-dominant, right, left and both hands).
The results are shown in Table S2. The coefficient of variation
after 1 day was lowest when the strongest tests on both
hands were compared with each other.

Other evidence-based assessments

As shown in Table 2, patients with cancer cachexia had the
lowest values of anthropometric parameters (mid-arm and
calf circumference), reduced physical function (ECOG and
KPS) and decreased physical activity (4-m gait speed test
and 6-min walk test) than patients without cancer cachexia
and healthy controls. Using PROs (EQ-5D-5L, VAS appetite
and VAS pain), patients with cancer cachexia rated their cur-
rent condition worse than other subgroups. We also ob-
served meagre nutritional status (MNA) and poor prognosis
as assessed by the mGPS score (= 2 points) in the same sub-
group. We further analysed the association of these parame-
ters to HGS and displayed the results in Table 3. The correla-

tions between maximal HGS and other assessments (except
for VAS) were of moderate magnitude (mostly ranging from
~0.3 to 0.6).

Survival analysis

Patients were followed for overall survival for a mean of
17 months (minimum 6 months, maximum 50 months), and
182 (55%) patients died during follow-up (1-year mortality
47% [41–52%] and 2-year mortality 53% [48–59%]). Maximal
HGS was an independent prognostic marker in multivariable
Cox analyses (Table 4) adjusted for sex, age, cancer stage
III/IV, cancer type and presence of cachexia. After addition
of the following variables to the multivariable Cox analyses:
presence of hypertension, diabetes, hyperlipidaemia and pre-
vious ICI treatment, the results did not materially change
(Table S3). Maximal HGS was also an independent predictor
of mortality in the subgroups of patients with and without
cancer cachexia (Table 4). Table S4 shows the Cox survival
analyses with 3-, 6-, 12- and 24-month plots shown for all
participants, patients with cancer cachexia and patients with-

Table 1 Baseline characteristics

Variable
Patients with cancer

n = 333
Healthy controls

n = 65 P-value

Patients with
cancer cachexia

n = 148

Patients without
cancer cachexia

n = 185
ANOVAa

P-value

Clinical parameters
Age (years) 60 ± 14 59 ± 8 0.11 63 ± 13 60 ± 15 0.093
Female sex (n, %) 170 (51) 39 (60) 0.19 78 (53) 92 (50) 0.36
Charlson Comorbidity Index (points) 6.4 ± 2.7 1.5 ± 0.7 <0.001 7.1 ± 2.3 5.8 ± 2.8 <0.001
Body mass index (kg/m2) 24.3 ± 5.0 25.7 ± 3.7 0.011 22.8 ± 4.5***, ### 25.6 ± 5.1 <0.001
Cancer stage III/IV (n, %) 282 (85) — — 134 (91)**, ### 148 (80)###

<0.001
Solid tumour cancer (n, %) 219 (66) — — 119 (80)***, ### 100 (54)###

<0.001
Anti-cancer therapy naïve (n, %) 83 (25) — — 27 (18)***, ### 56 (30)###

<0.001
Comorbidities
Hypertension (n, %) 135 (41) 25 (39) 0.76 63 (43) 72 (39) 0.76
Diabetes (n, %) 40 (12) 1 (2) 0.007 17 (12)## 23 (12)## 0.038
Hypercholesterolaemia (n, %) 105 (32) 42 (65) <0.001 44 (30) 61 (33) <0.001
Chronic kidney disease (n, %) 24 (7) 0 0.020 19 (13) 5 (3) <0.001

Medication at study entry
ACEi/ARBs (n, %) 77 (23) 13 (20) 0.58 39 (26) 38 (21) 0.39
Beta-blockers (n, %) 52 (16) 2 (3) 0.005 26 (18)# 26 (14)## 0.017
Antidiabetics (n, %) 16 (5) 0 0.086 8 (5) 8 (4) 0.17
Lipid-lowering drugs (n, %) 35 (11) 4 (6) 0.37 20 (14) 15 (8) 0.14
Opioids (n, %) 76 (23) 0 <0.001 42 (28)**, ### 34 (18)###

<0.001
Corticosteroids (n, %) 89 (27) 0 <0.001 36 (25)### 53 (29)###

<0.001

Note: Normal distributed variables are presented as means ± SD, non-parametric variables as median (interquartile range) and nominal
variables as percentage. P-values for normal distributed variables are determined using unpaired t-test/ANOVA. P-values for
non-parametric variables are determined using the Mann–Whitney U test/Kruskal–Wallis H test. P-values for nominal variables are com-
puted according to the χ2 test. P-values < 0.05 are bolded.
Abbreviations: ACEi, angiotensin-converting enzyme inhibitors; ANOVA, analysis of variance; ARBs, angiotensin receptor blockers.
aANOVA P-value for comparison between healthy controls versus patients with cancer with cachexia versus patients with cancer without
cachexia.
**P < 0.01 versus non-cachectic patients.
***P < 0.001 versus non-cachectic patients.
#P < 0.05 versus healthy controls.
##P < 0.01 versus healthy controls.
###P < 0.001 versus healthy controls.
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out cancer cachexia, respectively. We also determined sur-
vival analysis for different HGS assessments (dominant, non-
dominant, right, left and both hands; Table S5), and the cal-
culated prognostic powers were all similar.

The best sex-specific cut-offs for survival prediction were
also calculated (Tables S6A and S6B). The maximal HGS
cut-off with the best predictive power of poor survival during
the entire follow-up period was <25.1 kg for female patients
(area under the curve [AUC] = 0.591, sensitivity 54%, specific-
ity 63%, P = 0.041) and <40.2 kg for male patients with can-
cer (AUC = 0.712, sensitivity 69%, specificity 68%, P< 0.0001)
(Figure 5A). In Figure 5B,C, the best sex-specific maximal HGS
cut-offs of poor survival are shown separately for patients
with and without cancer cachexia. In general, patients with

cancer with lower HGS (n = 174, 52%) were older and had
more often comorbidities (Table 5). Physical function, physi-
cal activity and PROs were also reduced in these patients in
comparison with patients with higher maximal HGS.

Discussion

In this study, we systemically and prospectively assessed HGS
in patients with cancer. We assessed HGS longitudinal
changes, the prognostic value of maximal HGS at different
follow-up times and the best sex-specific cut-off values for
HGS as prognosticator. In general, low HGS was predictive

Table 2 Hand grip strength and other evidence-based assessments

Variable

Patients
with cancer
n = 333

Healthy
controls
n = 65 P-value

Patients with
cancer cachexia

n = 148

Patients without
cancer cachexia

n = 185
ANOVAa

P-value

Hand grip strength (HGS)
Maximal HGS (kg) 31.2 ± 11.9 37.9 ± 11.6 <0.001 28.3 ± 10.1***, ### 33.6 ± 12.3##

<0.001
Right hand
1st measure (kg) 29.0 ± 11.7 35.3 ± 11.6 <0.001 25.9 ± 10.3***, ### 31.4 ± 12.2# <0.001
2nd measure (kg) 28.8 ± 11.7 35.5 ± 11.3 <0.001 26.2 ± 10.6***, ### 30.9 ± 12.1##

<0.001
3rd measure (kg) 28.6 ± 11.9 35.4 ± 11.3 <0.001 26.1 ± 10.7***, ### 30.7 ± 12.4##

<0.001
4th measure (kg) 28.7 ± 11.6 35.8 ± 11.5 <0.001 25.7 ± 10.2***, ### 30.9 ± 12.2##

<0.001
Left hand
1st measure (kg) 27.0 ± 11.1 32.7 ± 11.4 <0.001 24.7 ± 10.4***, ### 28.9 ± 11.5###

<0.001
2nd measure (kg) 26.8 ± 10.9 32.7 ± 11.3 <0.001 24.5 ± 10.1***, ### 28.6 ± 11.1# <0.001
3rd measure (kg) 26.3 ± 10.8 33.0 ± 10.9 <0.001 23.9 ± 9.9***, ### 28.2 ± 11.2##

<0.001
4th measure (kg) 27.0 ± 10.4 32.2 ± 9.8 0.003 24.4 ± 9.7***, ### 29.6 ± 10.5 <0.001

Body composition
Mid-arm circumference (cm) (n = 284) 28 ± 4 29 ± 3 0.003 26 ± 4***, ### 28 ± 4 <0.001
Calf circumference (cm) (n = 284) 35 ± 5 38 ± 3 <0.001 34 ± 5***, ### 36 ± 5# <0.001

Physical function
ECOG performance status (points) 1.7 ± 1.3 1.0 ± 1.3 <0.001 2.1 ± 1.3***, ### 1.4 ± 1.3###

<0.001
Karnofsky Performance Status (%) 73 ± 24 85 ± 19 <0.001 65 ± 25***, ### 79 ± 22###

<0.001
Physical activity
4-m gait speed test (m/s) (n = 255) 1.8 ± 0.4 1.5 ± 0.3 <0.001 1.0 ± 0.4***, ### 1.2 ± 0.4###

<0.001
6-min walk test (m) (n = 142) 440 ± 102 584 ± 95 <0.001 419 ± 118### 450 ± 94###

<0.001
Patient-reported outcomes
EQ-5D-5L (index) (n = 278) 0.697 ± 0.282 0.955 ± 0.114 <0.001 0.656 ± 0.284*, ### 0.727 ± 0.277###

<0.001
VAS appetite (mm) (n = 316) 63 (30–85) 79 (48–93) 0.012 56 (24–80)***, ### 64 (33–90)### 0.003
VAS pain (mm) (n = 310) 9 (0–34) 3 (0–25) 0.069 10 (0–39)***, ### 5 (0–26) <0.001

Nutrition
Mini Nutritional Assessment
(points) (n = 300)

20 ± 5 27 ± 2 <0.001 18 ± 7***, ### 22 ± 5 <0.001

Biomarkers
Modified Glasgow Prognostic
Scale = 2 points (n, %)

101 (30) 0 <0.001 63 (43)***, ### 38 (21)###
<0.001

Note: Normal distributed variables are presented as means ± SD, non-parametric variables as median (interquartile range) and nominal
variables as percentage. P-values for normal distributed variables are determined using unpaired t-test/ANOVA. P-values for
non-parametric variables are determined using the Mann–Whitney U test/Kruskal–Wallis H test. P-values for nominal variables are com-
puted according to the χ2 test. P-values < 0.05 are bolded.
Abbreviations: ANOVA, analysis of variance; ECOG, Eastern Cooperative Oncology Group; HGS, hand grip strength; VAS, Visual Analogue
Scale.
aANOVA P-value for comparison between healthy controls versus patients with cancer with cachexia versus patients with cancer without
cachexia.
*P < 0.05 versus non-cachectic patients.
***P < 0.001 versus non-cachectic patients.
#P < 0.05 versus healthy controls.
##P < 0.01 versus healthy controls.
###P < 0.001 versus healthy controls.
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for poor survival in patients with cancer, independent of the
presence of cachexia, and in male and female patients. The
best sex-specific cut-offs for survival prediction in all patients

with cancer were <25.1 kg for female patients and <40.2 kg
for male patients with cancer. Further, repeated HGS mea-
sures showed appropriate CIs and reliable consistency at

Figure 1 Maximal hand grip strength (HGS) in healthy controls and cancer patients.

Figure 2 Overview at which try the maximal hand grip strength was achieved in all cancer patients.
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follow-up assessments. Lastly, maximal HGS was significantly
associated with results of functional assessments and PROs
(Table 3). The only PRO measure that HGS was not predictive
for was an assessment of pain.

Low grip strength is a potent predictor of poor patient out-
comes including longer hospital stays, increased functional
impairments and higher mortality risk in older people.25 In
our study, we could confirm that HGS was predictive for
all-cause mortality in patients with mostly advanced-stage
cancer. Interestingly, our results also demonstrated that max-
imal HGS was predictive after 3, 6, 12 and 24 months. Maxi-
mal HGS of men was higher than that of women, which is in
line with the results of recently published Chinese studies.6,26

Average HGS in our (Caucasian) patients was higher than in

the Chinese studies. Our patients were somewhat bigger
(average BMI 19.67 vs. 24.3 kg/m2 in our study), which likely
is relevant here, but methodological differences for the as-
sessment of HGS may exist. We also observed slightly better
HGS predictive power in male patients with cancer compared
with their female counterparts. Song et al.7 also described a
greater impact of low HGS on overall mortality in men with
cancer cachexia compared with women. This finding can be
explained by multiple factors known to have an impact on
grip strength and may lead to an increased decline of HGS
in male patients with cancer, such as previous lifestyle, health
status and socio-economic status.27,28

In comparison with the aforementioned study, our estab-
lished HGS cut-off points were higher than the ones calcu-

Figure 3 (A) Bland–Altman plots for maximal hand grip strength (HGS) in 49 cancer patients at baseline and 1 day later. (B) Bland–Altman plots for
maximal HGS in 22 cancer patients at baseline and after 3–6 months.
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lated for Chinese-based patients with cancer.27 This differ-
ence can also be explained by the distinct anthropometric
profile of the two study cohorts. When compared with cur-
rent normative data from Western studies,29,30 our estab-
lished HGS cut-off points of the patients in both sexes ap-
peared below the specified normative values. Therefore,
this finding may suggest that patients with cancer develop

muscle loss and physical impairment interrelated to the can-
cer and/or its treatment. Notably, in our study, low HGS was
also significantly associated with other evidence-based prog-
nostic indicators, including physical function, physical activity,
PROs, nutrition and biomarkers (see Tables 2 and 3). These
findings further support a good association of HGS with other
evidence-based assessments.

Figure 4 Individual parallel plots of (A) maximal hand grip strength (HGS) at the first and second days of assessment and (B) maximal HGS at baseline
and follow-up after 3–6 months.

Table 3 Correlation for maximal hand grip strength versus other parameters

Measurement

All patients with cancer
n = 333

rs (95% confidence interval) P-value

Spearman’s correlation
Male sex 0.59 (0.51 to 0.66) <0.001
Cancer stage I–IV �0.17 (�0.27 to �0.07) 0.002
Cancer entity: Haematologic vs. solid 0.20 (0.09 to 0.30) <0.001
Anti-cancer therapy naïve: Yes vs. no 0.14 (0.03 to 0.25) 0.010
Pearson’s correlation
Age (years) �0.32 (�0.40 to �0.22) <0.001
Body mass index (kg/m2) 0.35 (0.25 to 0.45) <0.001
Charlson Comorbidity Index (points) �0.29 (�0.39 to �0.19) <0.001
Mid-arm circumference (cm) (n = 284) 0.47 (0.37 to 0.56) <0.001
Calf circumference (cm) (n = 284) 0.45 (0.36 to 0.55) <0.001
ECOG performance status (points) �0.24 (�0.33 to �0.18) <0.001
Karnofsky Performance Status (%) 0.22 (0.11 to 0.32) <0.001
4-m gait speed test (m/s) (n = 255) 0.50 (0.39 to 0.59) <0.001
6-min walk test (m) (n = 142) 0.47 (0.34 to 0.58) <0.001
EQ-5D-5L (index) (n = 278) 0.32 (0.23 to 0.42) <0.001
VAS appetite (mm) (n = 316) 0.33 (0.24 to 0.43) <0.001
VAS pain (mm) (n = 310) �0.04 (�0.16 to 0.08) 0.52
Mini Nutritional Assessment (points) (n = 300) 0.23 (0.12 to 0.33) <0.001
Modified Glasgow Prognostic Scale (points) �0.23 (�0.33 to �0.12) <0.001

Note: P-values < 0.05 are bolded.
Abbreviations: ECOG, Eastern Cooperative of Oncology Group; VAS, Visual Analogue Scale.
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In a subgroup of participants, we analysed HGS changes
over time. The low CIs and high consistency 1 day after the
first assessment indicate that HGS is a reliable and reproduc-
ible method. As expected, the reliability decreased somewhat
after 3–6 months, and the variation range of SDs increased.
Further, we were able to determine HGS changes over time
and the expected range of differences (coefficient of varia-
tion). To the best of our knowledge, detailed data concerning
repeated measures of maximal HGS in patients with cancer
are lacking. Consequently, the data presented here are of
great interest when designing future clinical trials. In addi-
tion, we found that maximal HGS assessment of both hands
had the lowest coefficient of variation versus other HGS as-
sessments (e.g., dominant hand, non-dominant hand and
right hand) used in other clinical trials.3,31 Thus, we believe
these results address the optimal utility of maximal HGS as-
sessment in clinical trials using HGS as an endpoint in pa-
tients with cancer of European ancestry.

In ROMANA I and II, two randomized, double-blinded stud-
ies, anamorelin as a novel drug targeting cancer cachexia was
compared with a placebo. Endpoints of ROMANA I and II
were changes in lean mass and HGS after 6 and 12 weeks,
and all patients had cancer cachexia as an inclusion criterion.
In ROMANA I and II,5 HGS assessment was performed one
time only and only on the non-dominant hand, whereas our
assessments were performed on both sides and four times
on each hand. Our HGS results are only partially comparable
with those from ROMANA I and II with regard to HGS assess-
ment methodology. However, the baseline characteristics for
patients with cancer cachexia were very similar between our
studies, and the reported average HGS results (31.8 kg in
ROMANA I and 28.2 kg in ROMANA II5) were also similar to
our results in this study. At the end of the trial, there was
no significant change in HGS in response to anamorelin ther-
apy in ROMANA I and II (nominal change after 12 weeks
~0.5 kg). Our follow-up results showed no significant change
in HGS after 3–6 months with a nominal reduction of on av-
erage 1.1 kg (in 22 patients where this assessment was per-
formed again after 3–6 months). We conclude that it is
mostly the lack of efficacy of the drug that ‘caused’ the no
change in HGS in ROMANA I and II, but suboptimal method-

ology for the HGS assessment may also have contributed to
higher variability of observed than necessary.

This study’s strengths include the prospective HGS assess-
ment in a population with a variety of cancer types. We also
believe that determining the best HGS cut-off points may be
highly relevant for defining endpoints for future cancer ca-
chexia clinical trials including solid tumours and/or hemato-
logic malignancies.32 We note that there is no consensus on
how to perform HGS measurement in patients with cancer.33

It was described that maximal HGS is dependent on the num-
ber of attempts and at least three attempts in succession are
advised.34 We assessed HGS four times on both hands. Inter-
estingly, we found that some patients had their highest try
only with the fourth try (11%) and, therefore, recommend that
performing four HGS assessments on each hand is reasonable,
noting the fourth HGS assessment took <1 min to complete.

Limitations

As a limitation, there may be additional confounders that have
an impact on HGS such as anti-cancer therapy and other wors-
ening clinical condition or comorbidities. Thus, we included
patients with cancer with and without prior anti-cancer ther-
apy in our study cohort. As several studies reported an associ-
ation between cardiac disease and declined HGS,35–37 we in-
cluded only patients with cancer without any significant
cardiac disease or acute infection to minimize risks of bias. Be-
cause repeat assessment of HGS was not done in all our study
participants, future studies should focus more on HGS assess-
ment over time in a larger cohort—to better understand which
patients loose HGS over time andwhich patients do not. Lastly,
completion of assessments for the various additional clinical
and functional outcome items (e.g., 4-m gait speed test and
6-min walk test) at baseline was not always possible, because
of patients’ inability to complete the examinations—whereas
HGS assessment was possible in these patients. Therefore,
we believe that HGS assessment may be an appropriate
method in this particularly vulnerable patient population,
when planning future trials targeting cancer cachexia. It is es-
sentially always possible to assess HGS in almost all patients

Table 4 Univariable and multivariable Cox survival analyses in patients with cancer

n Parameter

Univariable Multivariablea

HR 95% CI χ2 P-value HR 95% CI P-value

All 333 patients with cancer
(182 deaths, 55%)

Maximal HGS
(per �5 kg)

1.16 1.08–1.24 20.3 <0.0001 1.19 1.10–1.28 <0.0001

148 patients with cachexia
(96 deaths, 65%)

Maximal HGS
(per �5 kg)

1.15 1.04–1.27 7.6 0.007 1.20 1.08–1.33 0.001

185 patients without cachexia
(86 deaths, 46%)

Maximal HGS
(per �5 kg)

1.12 1.03–1.23 6.6 0.012 1.18 1.04–1.34 0.010

Note: P-values < 0.05 are bolded.
Abbreviations: CI, confidence interval; HR, hazard ratio.
aSex as strata and adjusted for age (years), cancer stage III/IV (yes vs. no), cancer entity (solid vs. hematologic) and cachexia (yes vs. no).
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Figure 5 (A) Kaplan–Meier survival analysis in all cancer patients according to sex-specific maximal hand grip strength (HGS) cut-off points. (B) Kaplan–
Meier survival analysis in cachectic cancer patients according to sex-specific maximal HGS cut-off points. (C) Kaplan–Meier survival analysis in
non-cachectic cancer patients according to sex-specific maximal HGS cut-off points. CI, confidence interval; HR, hazard ratio.
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with cancer with andwithout cachexia and it has strong clinical
and prognostic meaning.

Conclusions

Low maximal HGS was associated with poor overall survival
of patients with mostly advanced cancer with and without ca-
chexia. HGS cut-off points for male and female patients with
the best predictive power for survival were established for
this Caucasian population. Our findings indicate that HGS
may be a useful component in the risk assessment of patients

with cancer, and it can serve as a valuable surrogate endpoint
in clinical trials due to its strong association with functional
performance markers, many PROs (except for pain) and sur-
vival. The simple and inexpensive method of HGS assessment
has clinical value and should be considered in future clinical
trials of patients with cancer with and without cachexia.
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HGS cut-off
Women: <25.1 kg
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Diabetes (n, %) 29 (17) 11 (7) 0.006
Hypercholesterolaemia (n, %) 58 (33) 47 (30) 0.48
Chronic kidney disease (n, %) 16 (9) 8 (5) 0.14
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Physical function
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4-m gait speed test (m/s) (n = 117 vs. 138) 0.9 ± 0.4 1.2 ± 0.3 <0.001
6-min walk test (m) (n = 46 vs. 96) 377 ± 117 471 ± 80 <0.001
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EQ-5D-5L index (n = 116 vs. 162) 0.660 ± 0.284 0.730 ± 0.277 <0.001
VAS appetite (mm) (n = 163 vs. 153) 47 (17–75) 73 (45–90) <0.001
VAS pain (mm) (n = 161 vs. 149) 10 (0–40) 12 (0–35) 0.49

Nutrition
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iables are determined using the Mann–Whitney U test. P-values for nominal variables are computed according to the χ2 test. P-values <
0.05 are bolded.
Abbreviations: ACEi, angiotensin-converting enzyme inhibitors; ARBs, angiotensin receptor blockers; ECOG, Eastern Cooperative Oncol-
ogy Group; HGS, hand grip strength; VAS, Visual Analogue Scale.
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