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Background:Weight loss limits cancer therapy, quality of life and survival. Common diagnostic criteria and a framework
for a classification system for cancer cachexia were recently agreed upon by international consensus. Specific assess-
ment domains (stores, intake, catabolism and function) were proposed. The aim of this study is to validate this diagnostic
criteria (two groups: model 1) and examine a four-group (model 2) classification system regarding these domains as well
as survival.
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Patients and methods: Data from an international patient sample with advanced cancer (N = 1070) were analysed. In
model 1, the diagnostic criteria for cancer cachexia [weight loss/body mass index (BMI)] were used. Model 2 classified
patients into four groups 0-III, according to weight loss/BMI as a framework for cachexia stages. The cachexia domains,
survival and sociodemographic/medical variables were compared across models.
Results: Eight hundred and sixty-one patients were included. Model 1 consisted of 399 cachectic and 462 non-cachectic
patients. Cachectic patients had significantly higher levels of inflammation, lower nutritional intake and performance status
and shorter survival. In model 2, differences were not consistent; appetite loss did not differ between group III and IV, and
performance status not between group 0 and I. Survival was shorter in group II and III compared with other groups. By
adding other cachexia domains to the model, survival differences were demonstrated.
Conclusion: The diagnostic criteria based on weight loss and BMI distinguish between cachectic and non-cachectic
patients concerning all domains (intake, catabolism and function) and is associated with survival. In order to guide
cachexia treatment a four-group classification model needs additional domains to discriminate between cachexia
stages.
Key words: cancer, cachexia, classification, validation

introduction
Cachexia affects 60%–80% of all advanced cancer patients [1],
and its consequences are devastating as it decreases physical
function and quality of life, and shortens survival [2]. Cancer
cachexia is a complex condition that is not yet fully understood
and there is no standard treatment available [3].
Traditionally, patients with a weight loss of more than 5% of

pre-illness stable weight have been considered to have some
degree of cachexia, but other cut-offs have also been used (e.g.
>10%, 2%) [4]. A three-factor model incorporating weight loss
(≥10%), low food intake (1500 kcal/day) and systemic inflam-
mation (C-reactive protein ≥10 mg/l) was tested by Fearon et al.
in 170 advanced cancer patients [5]. In this study, all three
factors had to be applied in order to identify patients with both
adverse function and shortened survival.
Recently, an international panel of cachexia experts initiated a

formal consensus process to agree on a common definition and
a framework for the development of a new classification system
for cancer cachexia [6]. Weight loss, body mass index (BMI)
and levels of muscle mass (sarcopenia) forms the basis of this
consensus definition. Additionally, information about anorexia
or reduced food intake, catabolic drive, muscle strength as well
as physical, social and psychological function were proposed as
important domains for a cancer cachexia classification system. It
was furthermore agreed that cancer cachexia is to be considered
a trajectory and can be classified into the stages, pre-cachexia,
cachexia and refractory cachexia.
Staging of cancer cachexia is of importance in guiding treatment

decisions and inclusions into clinical trials. Both ends of the cancer
cachexia trajectory must be recognized. For instance treatments to
prevent or delay the development of cancer cachexia should be
initiated early in the trajectory, and thus a clear distinction of the
pre-cachexia is needed. In refractory cachexia where the tumour is
no longer responding to anticancer treatment and the life expect-
ancy is short, the primary focus should be symptom management
and general care according to end of life care guidelines.
These stages were not accurately defined and how these

domains should be assessed and operationalized in a classifica-
tion system remains unclear.
The overall aim of this study was to contribute to the develop-

ment of a new classification system for cancer cachexia by

examining two classification models based on information on
weight loss and BMI: (i) a two-group model validating the diag-
nostic criteria and (ii) a four-group model as a preliminary
framework for classifying cachexia into stages. The research
questions asked were as follows:

• Is a four-group model better than a two-group model in terms
of classifying patients into different stages of cachexia?

• How can factors representing the other key cancer cachexia
domains (intake, catabolism and function) contribute to the
classification?

materials andmethods

patients and study design
Patients were recruited from an international multicentre study initiated by
the European Palliative Care Research Collaborative (EPCRC) [7]. A cross-
sectional data collection was conducted from October 2008 until December
2009 in palliative care in-and out-patient units, hospices and general oncol-
ogy and medical wards in several European countries (Norway, UK, Austria,
Germany, Switzerland, Italy, Canada and Australia). Patients were eligible if
they were aged ≥18 years and had an incurable metastatic or locally
advanced cancer diagnosis. Patients not able to complete assessments due to
physical or cognitive impairment or language problems were excluded. The

ethical authorities in all participating centres approved the study protocol,
and all patients gave their written informed consent.

data collection
Data were collected on touch-sensitive computers (HP Compaq TC4200
1200 tablet PCs made by Hewlett-Packard Development Company L.D.).
Details on the lay-out and specifications for the computerized assessment
have been presented by the EPCRC previously [8]. Data collection consisted
of two parts: one to be completed by the study coordinators and the other
part to be completed by the patients. A research assistant was available and
provided help as necessary. All data were entered by tapping directly on the
computer screen with an electronic pen.

assessments
Demographic information (age, gender, CRP and date of death), cancer
diagnosis (ICD-10), stage of disease (locally advanced versus metastatic),
performance status [9] and current oncological treatment (chemotherapy
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or not) was collected from the patients’ medical records by the study
coordinators.

Assessments of symptoms were performed using Edmonton Symptom
Assessment System (ESAS) [10] which includes nine numerical ratings
scales, scoring 0 (no problem) to 10 (worst possible problem), for the symp-
toms pain, tiredness, nausea, depression, anxiety, drowsiness, appetite,
feeling of well-being and shortness of breath.

Information about stature (weight, height), weight loss last 6 months (in
kg) and food intake past month (unchanged, changed or less than usual)
was provided by the patients using questions from the Scored Patient-
Generated Subjective Global Assessment (PG-SGA) [11].

two-group classification model (model 1)
Patients were classified into two groups based on criteria from the inter-
national consensus [6]. Cachexia was weight loss >5% the past 6 months OR
any degree of weight loss >2% the last 6 months + BMI <20 kg/m2. Patients
above or below these cut-offs were grouped as: cachexia and no cachexia.

four-group classification model (model 2)
As a preliminary framework for the staging system for cancer cachexia pro-
posed by the international consensus, a four-group model based on informa-
tion about weight loss and BMI was used in this analysis. In this model,
patients were classified into four weight loss groups (0–III) according to the
following criteria:

‘No cachexia (group 0)’: weight change (± 1 kg) or weight gain
‘Pre-cachexia (group I)’: weight loss >1 kg, but <5%
‘Cachexia (group II)’: weight loss >5% the last 6 months, or weight loss >2%

the last 6 month + BMI <20 kg/m2

‘Refractory cachexia (group III)’: weight loss >15% last 6 months + BMI <23
kg/m2 OR weight loss >20% last 6 months + BMI <27 kg/m2.

To further explore the consensus framework definition of pre-cachexia, a
weight loss model adding information from the cachexia domains catabol-
ism (CRP < or >10) and intake (appetite ESAS >3) was tested in terms of
survival (model 3).

statistical analysis
Model 1 (two groups) was tested by group-wise comparison of cachectic
versus non-cachectic patients with regards to items representing cachexia
domains as well as a range of demographic and medical information. For
continuous variables, an independent sample t-test was applied and a χ2 test
for categorical variables. In model 2 (four groups), comparisons using a one-
way analysis of variance (ANOVA), or a non-parametric equivalent
(Kruskal–Wallis test). Ninety-five percent confidence intervals (95% CIs)
and P-values are presented.

To explore the relationship between cachexia domains and classification
model (model 2), candidate items that differed between the groups in
the univariate analysis were entered into a multivariate logistic regression
by forced entry, and the no cachexia group (group 0) acted as the
reference group.

Univariate survival analysis was performed using the Kaplan–Meier
method and Cox regression (log-rank tests) to compare survival curves for
both models (model 1 and model 2) and for the pre-cachexia model (model
3). In this analysis, survival was defined as time between date of clinical
assessment and death. Patients alive on 1 January 2011 were treated as
censored.

results
The EPCRC-CSA study included 1070 patients. Nineteen
patients were excluded either because they withdrew consent
(n = 4) or for technical failure (n = 15). Patients with missing
data on body weight (n = 86) and survival (n = 104) were also
excluded from the present study.
In total, 861 patients were subject to the final analyses. Mean

age for all included patients was 62 years, 53% were males and
the mean performance status was 71.7. BMI was 24.2 kg/m2 and
the average weight loss last six months was 3.9 kg. The most
frequent diagnosis was cancer of the digestive organs (28%), fol-
lowed by breast cancer (17%) and cancer of the respiratory
organs (16%). The majority of patients suffered from metastatic
disease and more than half of the patients were hospitalized
(56%).

two-group classification (model 1)
In model 1, 399 patients were classified as cachectic, while 462
patients were non-cachectic. The cachectic patients had a mean
BMI 23.0 kg/m2 and an average weight loss 9.8 kg, while the
non-cachectic had a mean BMI of 25.3 kg/m2 and an average
weight gain 1.1 kg. A separate analysis for criteria WL >5%
showed that by this criterion alone, 388 patients were classified
as cachectic. Ninety-nine patients were classified as cachectic by
the other diagnostic criteria WL >2% + BMI <20 kg/m2. There
was an overlap between these two criteria of 88 patients, leaving
only 11 that were not classified by both.
Characteristics for the two groups in model 1 are shown in

Table 1. In the cachectic patients, there were more males than
females (59% versus 41%; P < 0.01). In cachectic patients, the
most prevalent diagnosis was cancer of the digestive (30%) and
respiratory (18%) organs. There were more in-patients among
the cachectic patients (53% versus 47%, P < 0.001).
When comparing cachectic versus non-cachectic patients on

items representative of the key cachexia domains, higher levels
of CRP (44.8 versus 29.6 ml/g; P < 0.001) and appetite loss (3.9
versus 2.6; P < 0.001) and reduced food intake (58.6% versus
29.8%, P < 0.001) was observed for cachectic patients. Cachectic
patients had lower scores on KPS than the non-cachectic
patients (68.3 versus 74.5, P < 0.001).

four-group classification (model 2)
As shown in Table 2, 147 patients were classified into pre-cach-
exia group (mean BMI 25.1 kg/m2 and WL 2.4 kg), 305 into
cachexia group (mean BMI 23.8 kg/m2 and WL 7.9 kg) and 86
patients into refractory cachexia group (mean BMI 19.9 kg/m2

and WL 16.8 kg). Three hundred twenty-three patients were
classified into no cachexia group (mean BMI 25.4 kg/m2 and
weight gain of 2.8 kg).
Serum concentrations of CRP (catabolism domain) were

similar in patients in the no cachexia and the pre-cachexia
group (30.3 and 29.3 ml/g, respectively) and were significantly
higher in the cachexia group (40.6 ml/g) and the refractory
cachexia group (60.6 ml/g, P < 0.001).
The proportion of patients reporting a reduced food intake

(eating less than usual) was significantly higher in pre-cachexia,
cachexia and refractory cachexia groups (48%, 56% and 47%)
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Table 1. Two-group classification model (model 1)

Variables Groups in model 1 All patients in study

No cachexia: no weight loss
or low BMI

Cachexia: weight loss and
low BMI

P-value*

Number of patients 462 399 861
Age, mean (95% CI), years 62 (61–63) 62 (61–63) 0.850 62 (61–63)
Number of female within group (%) 235 (59) 166 (41) 0.07 401 (47)

Performance status
Karnofsky score (KPS), mean (95% CI) 74.5 (73.1–76.0) 68.3 (66.7–70.0) 0.001 71.7 (70.6–72.2)

Current medical situation, number (%)
In-patient 226 (47) 254 (53) <0.001 480 (56)

Outpatient 236 (62) 145 (38) <0.001 381 (44)
Diagnosis, number of yes within group (%)
Cancer of the head 13 (48) 14 (52) 27 (3)
Cancer of the digestive organs 123 (51) 119 (49) 242 (28)
Cancer of the respiratory organs 65 (48) 71 (52) 136 (16)
Malignant bone tumours 3 (100) 0 3 (0)
Skin cancer including malignant melanoma 18 (51) 17 (49) 35 (4)
Malignant connective and soft tissue tumours 17 (57) 13 (43) 30 (4)
Breast cancer 95 (65) 51 (35) 146 (17)
Gynaecological cancer 14 (64) 8 (36) 22 (3)
Cancer of male genital organs 46 (49) 47 (51) 93 (11)
Urinary cancer 25 (51) 24 (49) 49 (6)
Tumours of the CNS 11 (79) 3 (21) 14 (2)
Malignant endocrine tumours 1 (17) 5 (83) 6 (1)
Secondary an ill-defined malignant tumours 13 (59) 9 (41) 22 (3)
Leukaemia and lymphomas 17 (55) 14 (45) 31 (4)
Multiple primary cancers 1 (25) (3 (75) 4 (1)

Current status of disease, number (%)
Advanced, non-metastatic 74 (58) 54 (42) 0.500 128 (15)
Metastatic 388 (53) 345 (47) 0.307 733 (85)

Current oncology treatment: number of yes within group (%)
Radiotherapy 86 (47) 98 (53) 0.034 184 (21)
Chemotherapy 247 (60) 166 (40) 0.001 413 (48)

Serum concentrations, mean (95% CI)a

CRP 29.6 (24.1–35.2) 44.8 (38.0–51.6) 0.001 36.9 (32.5–41.3)
Haemoglobin 12.1 (11.9–12.3) 11.6 (11.4–11.8) 0.001 11.9 (11.7–12.0)
Albumin 38.0 (37.3–38.6) 35.1 (34.4–35.7) 0.001 36.7 (36.1–37.1)

Food intake, number of yes within group (%)
Unchanged 275 (69) 125 (31) <0.001 400 (46)
More than usual 58 (64) 33 (36) 0.089 91 (11)
Less than usual 129 (35) 241 (65) <0.001 370 (43)

Symptoms, mean (95% CI)
Pain 1.9 (1.7–2.1) 2.4 (2.2–2.6) 0.001 2.1 (2.0–2.3)
Fatigue 3.3 (3.1–3.5) 4.1 (3.8–4.3) 0.001 3.6 (3.5–3.8)

Nausea 0.9 (0.8–1.1) 1.3 (1.1–1.6) 0.004 1.1 (1.0–1.3)
Depression 1.8 (1.6–2.0) 2.0 (1.8–2.3) 0.090 1.9 (1.7–2.1)
Anxiety 2.0 (1.8–2.2) 2.2 (1.9–2.4)) 0.200 2.1 (1.9–2.2)
Drowsiness 3.1 (2.9–3.3) 3.6 (3.4–3.8) 0.001 3.3 (3.2–3.5)
Appetite 2.6 (2.3–2.8) 3.9 (3.6–4.2) 0.001 3.2 (3.0–3.4)
Feeling of well-being 3.1 (2.9–3.3) 3.7 (3.5–3.9) 0.001 3.4 (3.2–3.5)
Shortness of breath 1.8 (1.6–2.0) 2.0 (1.8–2.3) 0.200 1.9 (1.7–2.1)

The table shows descriptive data on demographics, medical information and items representing key cachexia domains. Data are presented as means and
95% confidence intervals (95% CIs) for continuous variables and as frequencies (n) and proportions (%) for categorical variables.
aCRP (n = 628), haemoglobin(n = 737), albumin (n = 671).
*In comparison to the two groups in the statistical analysis, an independent t-test was applied for continuous variables and for categorical variables, a
χ2 test.
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Table 2. Four-group classification model (model 2) based on weight loss and BMI

Variables No cachexia
(Group 0)

Pre-cachexia
(Group I)

Cachexia
(Group II)

Refractory cachexia
(Group III)

P-value*

Number of patients 323 147 305 86
Age, mean (95% CI), years 61 (59.3–62.1) 64 (62.0–66.0) 63 (61.5–64.0) 60 (57.3–62.4) 0.010
Number of female within group (%) 168 (52) 70 (48) 126 (41) 37 (43) 0.030

Performance status

Karnofsky score (KPS), mean (95% CI) 74.7 (73.0–76.4) 75.0 (72.6–77.4) 68.2 (66.4–70.0) 66.8 (63.4–70.2) <0.001
Current medical situation, number of yes within group (%)
In-patient 158 (33) 78 (16) 184 (38) 60 (13) <0.001
Out-patient 165 (43) 69 (18) 121 (32) 26 (7) <0.001

Diagnosis, number of yes within group (%)
Cancer of the head 9 (33) 4 (15) 14 (52) 0
Cancer of the digestive organs 82 (34) 41 (17) 86 (36) 33 (14)
Cancer of the respiratory organs 45 (33) 19 (14) 60 (44) 12 (9)
Malignant bone tumours 2 (67) 1 (33) 0 0
Skin cancer including malignant melanoma 13 (37) 5 (14) 13 (37) 4 (11)
Malignant connective and soft tissue tumours 12 (40) 5 (17) 8 (27) 5 (17)
Breast cancer 71 (49) 27 (19) 40 (27) 8 (6)
Gynaecological cancer 11 (50) 4 (18) 3 (14) 4 (18)
Cancer of male genital organs 32 (34) 17 (18) 37 (40) 7 (8)
Urinary cancer 15 (31) 11 (22) 15 (31) 8 (16)
Tumours of the CNS 7 (50) 4 (29) 2 (14) 1 (7)
Malignant endocrine tumours 1 (17) 0 4 (67) 1 (17)
Secondary an ill-defined malignant tumours 10 (46) 5 (28) 6 (27) 1 (5)
Leukaemia and lymphomas 12 (39) 4 (13) 14 (45) 1 (3)
Multiple primary cancers 1 (25) 0 2 (50) 1 (25)

Current status of disease, number of yes within group (%)
Advanced, non-metastatic 48 (38) 25 (19) 43 (34) 12 (9) <0.001
Metastatic 275 (37) 122 (17) 262 (36) 74 (10) <0.001

Current oncology treatment, number of yes within group (%)
Radiotherapy 57 (31) 34 (18) 76 (41) 17 (9) 0.036
Chemotherapy 167 (40) 79 (19) 139 (34) 28 (7) 0.074

Serum concentrations, mean (95% CI)a

CRP 30.3 (23.5–37.1) 29.3 (21.2–37.3) 40.6 (33.7–47.5) 60.6 (2.9–78.4) <0.001
Haemoglobin 12.1 (11.3–12.9) 12.0 (11.7–12.3) 11.7 (11.5–11.9) 11.0 (10.6–11.5) <0.001
Albumin 38.4 (37.6–39.2) 37.6 (36.7–38.6) 35.5 (34.8–36.2) 32.9 (31.4–34.4) <0.001

Food intake, number of yes within group (%)
Unchanged 206 (52) 68 (17) 106 (26) 20 (5) <0.001
More than usual 48 (53) 9 (10) 27 (30) 7 (8) 0.010

Less than usual 69 (19) 70 (19) 172 (47) 59 (16) <0.001
Symptoms, mean (95% CI)
Pain 2.1 (1.8–2.3) 1.6 (1.3–1.9) 2.4 (2.1–2.7) 2.5 (2.0–3.0) 0.003
Fatigue 3.2 (2.9–3.5) 3.4 (3.1–3.8) 3.9 (3.6–4.2) 4.6 (4.1–5.2) <0.001
Nausea 1.0 (0.8–1.2) 0.8 (0.6–1.1) 1.2 (1.0–1.5) 1.6 (1.1–2.2) 0.009
Depression 1.7 (1.5–1.9) 1.9 (1.5–2.3) 2.0 (1.8–2.3) 2.0 (1.5–2.5) 0.291
Anxiety 1.9 (1.7–2.1) 2.1 (1.7–2.5) 2.1 (1.8–2.4) 2.3 (1.8–2.9) 0.377
Drowsiness 3.0 (2.7–3.3) 3.2 (2.8–3.6) 3.6 (3.4–3.9) 3.7 (3.2–4.3) 0.006
Appetite 2.5 (2.2–2.8) 2.9 (2.4–3.4) 3.7 (3.3–4.0) 4.6 (3.9–5.2) <0.001
Feeling of well-being 3.1 (2.9–3.4) 3.1 (2.7–3.5) 3.7 (3.4–3.9) 3.9 (3.4–3.5) 0.003
Shortness of breath 1.7 (1.5–2.0) 1.9 (1.6–2.3) 2.1 (1.8–2.4) 1.8 (1.3–2.3) 0.325

The table shows descriptive data on demographics, medical information and items representing key cachexia domains. Data are presented as means and
95% confidence intervals (95% CIs) for continuous variables and as frequencies (n) and proportions (%) for categorical variables.
aCRP (n = 628), hemoglobin (n = 737), albumin (n = 671).
*In comparison to the four groups in the statistical analysis, an analysis of variance (ANOVA) was applied for continuous variables and for categorical
variables, a Kruskal–Wallis test.
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compared with the no-cachexia group (22%; P < 0.001).
Compared with the no-cachexia group, mean scores on appetite
loss were significantly higher in the pre-cachexia group (2.9),
cachexia group 2 (3.9) and the refractory cachexia group (4.6,
P < 0.001) than in the non-cachexia group.
The mean performance status (KPS) was significantly lower

in the cachexia group (68.2) and the refractory cachexia group
(66.8) compared with scores in the no-cachexia and the pre-
cachexia group (75.0; P < 0.001).
Results from the multivariate logistic regression of candidate

items are presented in the appendix. Food intake (eating less
than usual) was a significant item for all cachexia groups.
Appetite loss was a significant item in terms of classifying re-
fractory cachexia (P < 0.05). CRP was not a significant item for
the classification into any of the three cachexia groups but a ten-
dency could be seen for the refractory cachexia group
(P < 0.065).

survival
The median overall survival for all patients was 207 days. In
model 1, the median survival for patients classified as cachectic
was shorter than for non-cachectic patients (139 versus 269
days; P < 0.001). There was no significant survival difference,
between no cachexia and pre-cachexia (Figure 1).
A definition of pre-cachexia in a model adding additional

factors representing the cachexia domains (model 3) was tested.
By adding CRP (>10 ml/g) and appetite loss (ESAS >3) to the
<5% weight loss, the median survival was significantly shorter
for patients with all three cachexia factors present compared
with those with only 0%–5% weight loss (143 versus 377 days;
P < 0.001).

discussion
This study shows that patients with cachexia are clearly distinct
from patients with no cachexia with regards to the key cachexia
domains (stores, nutrition, catabolism and function) and sur-
vival (model 1). This underlines the legitimacy of the established
diagnostic criteria for cancer cachexia based on weight loss/
BMI. However using weight loss/BMI alone is not sufficient
when classifying cancer cachexia from pre-cachexia to refractory
cachexia (model 2).
In terms the cachexia characteristics, there appears to be little

distinction between the no cachexia and pre-cachexia; this
finding is also supported by the survival curves. Classification of
pre-cachexia might be better based on additional items. A pos-
sible explanation for this is the inaccuracy of body weight mea-
sures and lack of information on sarcopenia. If only weight loss
is taken into account, some patients suffering from slight muscle
loss may be misclassified, because muscle loss can be masked
due to fluid retention [12]. A measure of muscle loss by an
objective method such as computed tomography, dual-energy
X-ray, magnetic resonance imaging may be essential to specifi-
cally diagnose pre-cachexia but these methods have so far not
been easily available in cancer clinics [13].
The refractory stage can be considered as cachexia with very

poor prognosis, as it is the cancer disease that defines this stage.
Unfortunately, there is no simple marker for tumour activity or

dynamics readily obtainable, which impedes an easily applicable
classification in clinical practice.
Since the publication of the international consensus, two

other proposals for classification of patients into cachexia stages
have been made. The first, the Cachexia Score (CASCO) weights
and sums five different factors: body weight and lean body mass
loss; anorexia; inflammatory, immunological and metabolic dis-
turbances; physical performance and quality of life [14]. A valid-
ation of the score is awaited. A barrier for the use in clinics may
be the rarely available biochemical tests and missing cut-offs.
The clinical relevance of the consensus classification has been

evaluated in 207 cancer patients by Vigano et al. [15]. In this
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Figure 1. Kaplan–Meyer survival plot for two-group (model 1) and four-group
(model 2) classification models.
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pilot study, patients were classified into the three stages by two
independent researchers according to different combinations of
clinical criteria and biological measurements. The final classifi-
cation was mainly performed by subjective judgement, which is
not easily replicated. Similar to the present study, pre-cachexia
was not clearly distinctive but the other stages correlated with
differences in patient-reported outcomes and survival. Both of
these studies underline the importance of classification to guide
treatment, but also the lack of simple indicators to classify
patients into the stages. In clinical practice, it is important to
have easily applicable measurements/assessments which allow
bedside diagnostics.
A recent publication highlighted the association of cancer

cachexia with symptoms, function, quality of life and survival in
a cluster analysis. Prevalence of cachexia varied highly according
to different definitions, which indicated once more the need for
a classification with clear cut-offs [16].

limitations
A main limitation is that there was no measurement of muscle
mass available. In the nutrition domain, the simple answer of
‘eating less than usual’ was considered to be sufficiently precise
to measure decreased nutritional intake, even though this PG-
SGA question has not been validated for this comparison.
In the catabolism domain, CRP was used as the main item as

it is the most robust biomarker for cachexia inflammation [4].
CRP is indeed a marker for systemic inflammation, but is
neither specific for cancer, cachexia or for tumour activity as
it can be influenced by other factors such as infections. Due to
the inclusion criteria (computerized assessment), the population
of the study is younger and fitter than the average cancer
population.

conclusion
In a large international cohort of advanced cancer patients,
weight loss and BMI clearly distinguish between non-cachectic
and cachectic patients both with regards to all the available
domains proposed by the international consensus and with sur-
vival. Exploring the possibility to classify patients into four
groups representing cachexia stages, using weight loss and BMI
only, provides some indication of a possible distinct refractory
cachexia group. The pre-cachexia stage might be better defined
by additional factors representing the cachexia domain, for in-
stance CRP and appetite loss. A clear definition of pre-cachexia
is needed, especially because this group is the target of interven-
tion trials. The next steps in the validation of a cachexia classifi-
cation should quantify additional factors and investigate the role
of muscle mass measurement.
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appendix 1

appendix 2
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professional and inter-sectorial educational and research train-
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IMPACT is coordinated by Luc Deliens and Lieve Van den
Block of the aEnd-of-Life Care Research Group, Ghent
University and Vrije Universiteit Brussel, Brussels, Belgium.
Other partners are bVU University Medical Center, EMGO
Institute for health and care research, Amsterdam, the
Netherlands; cKing’s College London, Cicely Saunders Institute,
London, dCicely Saunders International, London, and
eInternational Observatory on End-of-Life Care, Lancaster
University, Lancaster, UKingdom; fNorwegian University of
Science and Technology, and gEAPC Research Network,
hTrondheim, Norway; Regional Palliative Care Network, IRCCS
AOU San Martino-IST, Genoa, and iCancer Research and
Prevention Institute, Florence, Italy; jEUGMS European Union
Geriatric Medicine Society, Geneva, Switzerland; Springer
Science and Business Media, Houten, the Netherlands.

Table A1. Logistic regression for the four-group model (model 2)

Group I (pre-cachexia) Group II (cachexia) Group III (refractory
cachexia)

Domains B(SE) eB B(SE) eB B(SE) eB

Intercept −1.33 (0.86) 0.87 (0.65) −2.16* (1.07)
Catabolism

C-reactive protein mg/l −0.16 (0.20) 0.9 0.07 (0.17) 1.1 0.48 (0.26) 1.6
Nutrition

Food intake: eating less than usual 1.33** (0.46) 3.8 1.15** (0.34) 3.1 1.44* (0.59) 4.2
Nutition

ESAS appetite −0.02 (0.05) 1.0 0.07 (0.04) 1.1 0.12* (0.06) 1.1
Function

ESAS fatigue −0.01 (0.06) 1.0 0.05 (0.05) 1.1 0.12 (0.07) 0.9
ESAS feeling of well-being −0.12 (0.07) 0.9 −0.05 (0.05) 1.0 −0.14 (0.08) 1.0

Function
Karnofsky Performance Status 0.01 (0.01) 1.0 −0.02** (0.01) 1.0 −0.01 (0.01) 1.0

aGroup 0 (no cachexia) is the reference category.
*P < 0.05, **P < 0.01.

 | Blum et al. Volume 25 | No. 8 | August 2014

original articles Annals of Oncology

 at N
orges Teknisk-N

aturvitenskapelige U
niversitet on A

ugust 25, 2014
http://annonc.oxfordjournals.org/

D
ow

nloaded from
 



Paper II





Original article

Patient-focused endpoints in advanced cancer: Criterion-based validation
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s u m m a r y

Background & aims: Objective assessment of daily physical activity (PA) by body-worn accelerometers
offers potential as a novel endpoint in the clinical management of advanced cancer patients. This study
aimed to assess criterion-based validity of an accelerometer-based activity monitoring system (AM-
system), ActivPAL�, using two different methods.
Methods: Advanced cancer in patients and outpatients (Karnofsky Performance Status (KPS) 40e100).
ActivPAL� measurements were validated against (i) observations and (ii) energy expenditure (EE)
measured by 2-week doubly-labelled water (DLW) protocol.
Results: Absolute errors for mean time spent in different body positions (<0.1%) and number of transfers
(0%) were low. Step count error was significantly higher in patients with KPS 40e60 (non-self caring)
compared to KPS 70e100 (self-caring) (33 vs. 24%, p ¼ 0.006). Post-hoc mathematical analysis
demonstrated that absolute errors for the mean energy expenditure of activity (EEA) (1.4%) and mean
total EE (0.4%) were low, but agreement was also low.
Conclusions: AM-systems provide valid estimates of body positions and transfers, but not step count,
especially in non-self caring patients. ActivPAL� can derive estimates of EE but there is considerable
variability in results, which is consistent, in part, with the inaccuracy in step count. Further studies are
required to assess the validity of different endpoints derived from AM-systems in advanced cancer
patients.

� 2011 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights reserved.

1. Introduction

Patients with advanced cancer often report a significant decline
in physical functioning (PF) that has a major impact on quality of
life (QoL). Such loss of QoL may be more pronounced in patients

with cachexia, a complex metabolic condition characterized by
progressive muscle wasting, associated with excess morbidity and
mortality.1 When developing palliative therapies focused either on
the tumor or its systemic effects, one challenge is to use patient-
focused outcomes that are ‘fit for purpose’ and relate clinically to
PF and QoL during everyday situations.

In routine practice or clinical trials, PF is measured by healthcare
provider instruments such as the Karnofsky Performance Status2 or
The Eastern Cooperative Oncology Group (ECOG) score, which are
of diagnostic value but lack responsiveness to change following
disease progression and interventions. Physical activity (PA) as an
indicator of PF is traditionally assessed by self-report. However,
such tools are subjective, correspond only loosely with objectively

Abbreviations: AM e system, accelerometer-based activity monitoring systems;
PA, physical activity; KPS, Karnofsky performance status; PF, physical function; EE,
Energy Expenditure; EPCRC, European Palliative Care Research Collaborative.
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measured activity, and may fail to recognise activity characteristic
of frail populations.3

Recently, objective measurement of daily PA has been proposed
as a useful tool for the evaluation of outcomes of medical inter-
ventions in cancer.4 Crucially, it has been shown that PA variables
correlate with QoL scores in advanced cancer patients,5 and that PA
can be improved by nutriceutical intervention in cachectic
pancreatic cancer patients.6 However, gold-standard PA assess-
ments (e.g. stable isotope studies) can be complex, patient-intense,
and expensive, and often provide limited detail regarding different
PA behaviors.

In contrast, modern accelerometer-based activity monitoring
systems (AM-systems) potentially offer a patient-friendly meth-
odology of long-term PA assessment, which can be easily used in
both the clinical and free-living environments.4 AM-systems can
estimate energy expenditure (EE) based on the amplitude and
frequency of acceleration signals or on recognized activities.7

Accurate identification of postures and transfers in healthy young
adults,8 older adults9 and persons with minor functional limita-
tions10,11 by AM-systems has been demonstrated. AM-systems have
also been trialled for the objective assessment of PA in cancer
patients undergoing palliative chemotherapy.5 However, recogni-
tion of PA from acceleration signals may be potentially more
challenging in frail patients who walk slowly and have a cautious
movement pattern.12

The present study is part of the EU-funded European Palliative
Care Research Collaborative (EPCRC) with an objective to develop
a computer-based assessment- and decision-making tool, where
information on subjective symptoms, PF and biological data are
combined in order to support clinicians in deciding optimal patient
treatment.13 The objective of the present study was to assess
whether a small, lightweight AM system (ActivPAL�) could be used
as an objective measure of daily PA in advanced cancer patients,
and EE in both advanced cancer outpatients and healthy adults.
Validation studies of ActivPAL� have been performed previously,
with regard to step count, postures and transitions, in hospital in
patients (stroke patients, patients with hip fractures, and the
elderly,14 community-dwelling older adults,15 sedentary over-
weight adults16 and younger healthy adults,8,17,18 but not in cancer
patients. Furthermore, although attempts have been made to vali-
date some aspects of ActivPAL-derived estimates of EE in healthy
females aged 15e25 years,19 no studies have been performed to
validate calorific estimates in either healthy adults or cancer
patients. Therefore, the specific aims of the present project were to
test the criterion-based validity of ActivPAL�with regard to (i) step
count, number of transitions and time spent upright against video
observations (video study) in advanced cancer patients and (ii) EE
against doubly-labelled water (DLW) and indirect calorimetry
(DLW study) in a pilot evaluation of advanced cancer patients and
healthy adults.

2. Materials and methods

2.1. Subjects

For the video study, in-patients and out-patients with advanced
cancer were recruited from Norway (n ¼ 29), Germany (n ¼ 6) and
Switzerland (n ¼ 14). Participants were stratified according to KPS
(40e60 or 70e100) to ensure that the sample represented a wide
spectrum of PF. Patients with KPS 40e60 require physical assis-
tance with everyday activities (non-self caring) while patients with
KPS 70e100 are regarded as self caring.

For the DLW study, a sample consisting of out-patients with
advanced oesophago-gastric cancer (n ¼ 7, KPS 80e100), and
healthy subjects (n ¼ 10 assessments in 9 subjects, KPS ¼ 100),

were included. Deliberate effort was taken to recruit individuals
across a wide spectrum of PA, from advanced cancer patients to
sedentary office workers to competitive athletes, as one of the key
aims of future intervention studies will be to drive the PA of cancer
patients from the frail end of the spectrum back into the range of
healthy subjects.

Inclusion criteria for both studies were age>18yrs and ability to
comply with study requirements. Exclusion criteria were physical
handicap, severe co-morbidity or metastases that grossly impaired
mobility, or inability to complete the study protocols. Participants
in the video study were also excluded retrospectively if video
recording or ActivPAL data were of insufficient quality for analysis.
Participants in the DLW study had not had surgery, radiotherapy, or
chemotherapy during the previous month, and were weight-stable.
They were excluded retrospectively if they did not complete at least
7 days of ActivPAL� data during the 2-week DLW protocol. Height
and weight were measured to the nearest 0.1 cm and 0.1 kg
respectively, with the patient wearing light clothing without shoes.

2.2. Accelerometer-based activity monitoring

ActivPAL� (dimensions: 35x53x7 mm; mass: 20 g; PAL Tech-
nologies Ltd, Glasgow, UK) uses an uni-axial accelerometer
sampling at 10 Hz to produce signals reflecting thigh inclination
and movement. A USB interface docking station connects the
monitor to a Windows-based computer and software package that
classifies positions and activities into 3 categories: lying or sitting,
standing and stepping. Acceleration signals exceeding particular
peak acceleration amplitudes are registered as steps. Cadence and
number of steps taken describes the intensity and volume of
activity. The software assigns each activity an estimated energy cost
in metabolic equivalents (METs),20 representing the ratio of the
active to resting metabolic rate, which are then summated over the
assessment period to derive a value in MET.hours (hrs) that reflects
overall free-living EE. One MET is equivalent to 1 kcal/kg of body
weight/hour (basal metabolic rate). Lying or sitting is assigned an
energy cost of 1.25METs, quiet standing 1.4METs and walking at
120steps/min 4METs. EE of stepping is scaled linearly according to
the equation: EE (in MET.hrs) ¼ (1.4d) þ (4e1.4) � (c/120) � d,
where c ¼ cadence (steps/min), and d ¼ activity duration (hrs).

In both studies, an ActivPAL� monitor was attached to the
subject’s right leg approximately at the anterior mid-thigh with
adhesive dressings. For the video study, a second ActivPAL�
attached to the mid-sternum was used in order to distinguish
between lying and sitting. Subjects were allowed to remove
ActivPAL� during water-related activities.

2.3. Video study

A two-dimensional digital video camcorder (Sony Handycam
DCR-HC96) was used to record activities measured by ActivPAL�.
The camcorder clockwas synchronised with ActivPAL� before each
trial. Testing lasted 30 mins and was performed in a hospital ward
setting with a walking length of at least 6 m. Table 1 gives an
overview of the two test series of activities used in the study. Series
I included 10 standardised activities selected from physical test
batteries developed for use in old and frail persons performed in
a controlled environment.21,22 Series II included 10 free-living
activities intended to mimic everyday life situations in the home
environment,10,11 and each participant completed 3 randomly
selected activities. Participants were offered support or use of
a walking aid if required. Each forward movement of the foot in the
upright position recorded by video was counted as a step. Walking
speed (m/sec) was calculated for walking trials.

R.J.E. Skipworth et al. / Clinical Nutrition 30 (2011) 812e821 813



2.4. DLW study

2.4.1. Measurement of resting energy expenditure (REE)
Following an overnight fast, patients attended at 08:00. Patients

rested in a supine position for at least 30 min before undergoing
indirect calorimetry using a ventilated hood technique (GEM;
NutrEn Technology Ltd, Lancashire, UK).23 This system provides
measurements of VO2 and VCO2, which have an error of less than
2.3%.24 Measurements were performed for at least 30 min. The
measurements performed in the last 20 min were averaged to
calculate REE using the Weir equation.25 Predicted values for REE
were derived from the equations of Schofield.26

2.4.2. Calculation of total energy expenditure (TEE)
The precision of Total Body Water (TBW) analysis was 0.11 kg

(SD). TEE errors estimated by the re-sampling procedure averaged
3.1% (76.43 kcal/day, SD ¼ 28.66). Tracer elimination rate was
normal (kO/kH ¼ 1.289, SD ¼ 0.051) and average 2H:18O distribution
volume or pool space ratio was 1.0294 (SD ¼ 0.0123). LBM was
calculated by assuming a hydration factor of 0.732.27 EE of activity
(EEA) was calculated from the formula EEA ¼ TEE-REE. This defi-
nition of EEA includes dietary-induced and non-exercise activity
thermogenesis.28 Physical activity level (PAL) was calculated from
the formula: PAL ¼ TEE/REE.

2.4.3. Preparation of DLW
2HeH2O and 18OeH2O doses were made from a common stock

for thewhole studywhichwas optimized for a bodyweight of 70 kg
(kg) and assuming 40 kg TBW. Doses were prepared from 10%
18OeH2O and 100% 2HeH2O to give an initial enrichment of 125
parts per million excess in body water. Five kg dose stock was
prepared and this was aliquoted into 125 ml leak proof wide neck
polypropylene bottles (#2105-0004, Nalgene, NY, USA) and stored
at �20OC until required. Each dose was weighed to 4 decimal
places. All were within 1% of a target weight of 48 g. No weight loss
on freezer storage was observed. The final aliquot (or incomplete
dose) was used to prepare a 500-fold gravimetric dilution (0.1 g in
50 g, weighed to 4 decimal places) with tap water. Aliquots of this
’diluted dose’ and the local tap water were retained for analysis.

2.4.4. DLW protocol
On day 0, the subject collected their second urine sample of the

day and poured an aliquot into a 30 ml universal container and
recorded the time. The doubly-labelled water was then consumed

by the patient. Thereafter, the bottle that had contained the labeled
water was rinsed with tap water and then the contents drunk to
ensure that all labeled water had been ingested. The time and date
of ingesting the dose and unique code on the dose bottle were
recorded. On days 1, 2, 3, 7, 12, 13 and 14, part of the second urine
sample of the day was transferred to a 30 ml universal container
and the time and date were recorded. Urine samples were frozen
at �20 �C prior to analysis.

2.4.5. 2H analysis of urine samples
Samples were prepared according to the method of Scrimgeour

et al.29 Urine samples were thawed completely, shaken and
centrifuged at 1000 g for 5 min. Samples were prepared in dupli-
cate. Urine (300 ml) was pipetted into 10 ml Exetainer gas testing
vials (Labco, High Wycombe, Berks); polythene inserts (w200 ml,
#8-NPWP, Chromacol, Welwyn Garden City, Herts) containing
platinum catalyst (platinum 5% on alumina powder, 325 surface
area >250 m2 g�1, Sigma Aldrich, Gillingham, Dorset) were added
to each vial, taking care not to wet the catalyst. Reference samples
(0 and 300 ppm excess 2H) were prepared and analysed with each
batch. Exetainer vials were placed on a 220-tube manifold fitted
with a dual concentric needle to automatically gas each tube in
turn. Each tube was over gassed with a 100 ml min�1

flow of 20%
hydrogen in helium, for 40 s (Air Products Special Gases, Crewe).
Tubes were left at room temperature for aminimum of 48 h prior to
analysis to allow sample water vapour to equilibrate with hydrogen
gas. The abundance of deuterium in hydrogen gas was measured
using a continuous flow isotope ratio mass spectrometer (CF-IRMS,
Hydra, SerCon, Crewe, UK)30 with reference to working water
standards which had been calibrated against international stan-
dards. To ensure temperature stability, tubes were equilibrated
beside this instrument within an air-conditioned instrument
laboratory. The abundance of 2H in patient samples was calculated
with reference to the known abundance of the reference samples.
Additional water samples were included in each sample batch for
quality control purposes. Deuterium abundance of the independent
quality control samples was typically within 1 ppm of the accepted
value.

2.4.6. 18O analysis of urine samples
Samples were prepared for 18O analysis according to themethod

of Prosser et al.31 After deuterium analysis, the samples were again
placed on the 220-tube manifold fitted with a dual concentric
needle to automatically gas each tube in turn. Each tube was over
gassed with a 100 ml min�1

flow of 3% carbon dioxide in nitrogen,
for 40s (Air Products Special Gases, Crewe). Reference samples (0
and 150 ppm excess 18O) were prepared and analysed with each
batch. Samples were left to equilibrate for 24 h at ambient
temperature. The abundance of 18O in the gas phase was measured
by CF-IRMS (AP2003 IRMS, IsoPrime, Manchester, UK). To ensure
temperature stability, tubes were equilibrated beside this instru-
ment within an air-conditioned instrument laboratory. The abun-
dance of 18O in patients’ samples was calculated with reference to
the known abundance of the reference samples. Additional water
samples were included in each sample batch for quality control
purposes. 18O abundance of the independent quality control
samples was typically within 0.5 ppm of the accepted value.

2.4.7. Calculation of TEE
For DLW protocol, ’multipoint’ calculations were used to derive

turnover rates and initial enrichments of each isotope, to estimate
CO2 production and TBW, respectively. Schoeller’s equation for
estimating TEE was used in the form given by Goran et al.32 A re-
sampling procedure was used to estimate the errors in (TBW) and
TEEmeasurement.33 The precision of TBWanalysis was 0.16 kgwith

Table 1
Video study. Overview of tasks included in test series I and II.

Test series I Test series II

1.1 Turning to the right side in bed 2.1 Prepare and consume drink
of choice

1.2 Turning to the left side in bed 2.2 Put on duvet cover and
pillowcases

1.3 Transferring from lying in bed
to sitting on edge of bed

2.3 Clean a mirror

1.4 Transferring from sitting on edge
of bed to lying in bed

2.4a Watch television

1.5 Sitting in chair for 20 s 2.5 Wash and dry dishes
1.6 Raising from a chair with handrails 2.6a Read newspaper
1.7 Sitting down in a chair with

handrails
2.7a Make telephone call

1.8 Walk slowly as if you were
strolling around

2.8 Wash and dry hands

1.9 Walk as you normally would do 2.9a Write letter/list
1.10 Walk as fast as you safely

can walk
2.10 Prepare and eat

sandwich/biscuit

a Open-ended task lasting from 2 to 9 min.
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18O (s.d.) and 0.18 kg with 2H. TEE errors estimated by the re-
sampling procedure averaged 4.8% (0.32 (s.d. 0.17) MJ day�1).
Tracer elimination rate was normal (kO/kH ¼ 1.279, s.d. 0.071 and
the average 2H: 18O distribution volume or pool space ratio was
1.0316 (s.d. 0.055). Predicted values for TEE were derived from
predicted REE values 26multiplied by 1.5. This prediction derives
from the lifestyle category defined as ’Seated work with no option
of moving around and little or no strenuous activity’ given a PAL
range of 1.4e1.5.34 Values for lean body mass (LBM) and fat mass
were also derived from DLW data. To derive ‘ActivPAL TEE’, total
number of METs per day was multiplied by subject’s weight.

Calculation of PAL: PAL was calculated from the formula
PAL ¼ TEE/REE. A PAL of 1.5 for healthy sedentary adults was
derived from the work of Black and collegues.34

2.4.8. Calculation of energy expenditure of activity (EEA)
EEA was calculated from the formula EEA ¼ TEE-REE. This

definition of EEA includes dietary-induced thermo genesis and
non-exercise activity thermo genesis.28 To derive ActivPAL ‘EEA
METs per day’, the number of METs recorded for non-activity (i.e.
1.25� 24¼ 30METs per day) was subtracted from the total number
of METs per day.

2.5. Data analysis

2.5.1. Video study
Video datawere analysed at each study site, and secondly by the

study coordinator, blinded to ActivPAL� data. ActivPAL� data were
converted into second-by-second outputs by manufacturer’s soft-
ware, and identification of relevant sequences was performed in
a custom-made Mat Lab program. Test Series I included walking at
3 different speeds (slow, preferred and fast). Data from all 3 speeds
were analysed.

2.5.2. DLW study
‘TEEMET’ was defined as the average MET.hrs/day measured by

ActivPAL� over a recording period. To derive ‘EEAMET’, the number
of MET.hrs awarded for non-activity (24MET.hrs/day) was sub-
tracted from TEEMET. METs are measured in kcal/kg/hr and thus, to
allow comparison between DLWand ActivPAL�, datawere reduced
to kcal/kg/hr by dividing DLW and indirect calorimetry data
(expressed as kcal/day) by 24 � body weight whereas ActivPAL�
data (expressed in MET.hrs/day) was simply divided by 24. EE
values expressed in kcal/kg/hr are identified in the current manu-
script by.1

2.5.3. Statistics
Analyses were performed using Statistical Package for Social

Sciences (Chicago, IL, USA). Demographics were presented as
means, SD and ranges, and dichotomous variables as absolute
numbers and percentages. Data were compared between patients
with KPS 70e100 and KPS 40e60 in order to analyse differences

between self-caring and non-self-caring populations. Differences
between groups were determined using Student’s Independent
Sample t-test. Statistical significance was set at p < 0.05 level using
exact, two-sided p-values. BlandeAltman plots with 95% limits of
agreement (LOA) and absolute percentage errors were used to
assess agreement between methods expressed in absolute units.
Bi-variate relationships were assessed by Pearson’s product
moment correlation (r). Post-hoc mathematical modelling was
used to assess the relationship between DLW and ActivPAL�-
derived estimates of EE. Linear regression models were used to
determine the contribution of independent PA variables on
dependent EE variables.

2.6. Ethics

Written informed consent was obtained from all subjects.
Ethical approval was granted by local regional ethics committees at
the study sites and the Norwegian Social Science Data service
(NSD). Procedures were in accordance with International
Committee for Harmonization, Good Clinical Practices and the
Helsinki Declaration.

3. Results

3.1. Video study

3.1.1. Subjects
Forty-five patients with advanced cancer (predominantly aero-

digestive 56%, urogenital 18% and breast 13%) were recruited
(Table 2), all of which performed Test Series I, and 29 of which
performed Test Series II.

Patient KPS ranged from 40e100 with a mean of 63.5
(SD ¼ 16.0). Twenty-four patients had KPS scores of 40e60
(mean ¼ 51.7, SD ¼ 8) and could thus be identified as patients
requiring physical assistance with everyday activities (non-self
caring). The reminding 21 patients had KPS scores of 70e100
(mean ¼ 77.6, SD ¼ 9) and could thus be identified as patients who
are self caring.

In total, 133 walking trials were completed with a meanwalking
speed of 0.59 m/s (SD ¼ 0.24, range ¼ 0.19e1.50). Participants with
KPS 40e60 walked with lower speed compared to those with KPS
70e100 (mean ¼ 0.48, SD ¼ 0.2, range ¼ 0.19e1.0 versus
mean ¼ 0.67, SD ¼ 0.2, range ¼ 0.50e1.0; p > 0.001).

3.1.2. Time spent in body postures (Test series I and II)
The systematic measurement error for ActivPAL� compared

with video for time spent in different postures was <0.1sec
(Table 3).

3.1.3. Transfers between body postures (Test series I)
Number of transfers showed 100% agreement between

ActivPAL� and video.

Table 2
Video study: Patient characteristics at entry. Values are mean (SD and range) unless otherwise stated.

All (n ¼ 45) KPSa 40e60 (n ¼ 24) KPS 70e100 (n ¼ 21)

Age (years) 64.8 (12.5, 28e86) 62.5 (13.9, 28e84) 67.5 (10.5, 47e86)
Sex: Number of females (%) 23 (51.1) 9 (37.5) 14 (67.5)
Body weight: (kilograms): 63.5 (14.4, 36e105) 63.5 (13.9, 36e105) 63.6 (15.2, 36e95)
BMIb 22.2 (4.3, 12.2e32.4) 21.7 (4.4, 12.2e32.4) 22.9 (4.3, 15.4e32.1)
Habitual walking speed (m/s) 0.57 (0.19, 0.19e1.0) 0.48 (0.18, 0.19e1.0) 0.67 (0.15, 0.5e1.0)
Use of walking aid: Number of yes (%) 14 (31.1) 14 (58.3) 0 0

a KPS ¼ Karnofsky Performance Status.
b BMI ¼ Body Mass Index.
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3.1.4. Step count (Test series I)
Mean step count for the total of all 6 m walking trials were 14.7

(SD¼ 3.1, range¼ 9e27) by video and 10.2 (SD¼ 3.7, range¼ 0e22)
by ActivPAL� with a mean difference of 4.5 (SD 4.1, LOA -3.6 to
12.6), giving an absolute error of 28.6% (Fig. 1).

In patients with KPS 40e60, mean step count was 15.6 (SD¼ 3.4,
range ¼ 9e27) by video and 10.2 (SD ¼ 4.7, range ¼ 0e22) by
ActivPAL�, giving a mean difference of 5.4 steps (SD ¼ 4.9; 95%
LOA ¼ �4.2, 14.9) or an absolute error of 32.9%. For patients with
KPS 70e100, mean step count was 13.6 (SD¼ 2.3, range¼ 9e20) by
video and 10.1 (SD ¼ 2.0, range ¼ 4e16) by ActivPAL�, giving
a mean difference of 3.5 steps (SD ¼ 2.5; 95% LOA ¼ �1.8, 8.6) or an

absolute error of 24.1%. Step count error by ActivPAL� was signif-
icantly higher in patients with KPS 40e60 compared with patients
with KPS 70e100 (p ¼ 0.006).

A correlation between walking speed and difference in step
count between video and ActivPAL� was r ¼ �0.51; p < 0.01,
indicating that agreement between methods became poorer as
walking speed decreased (Fig. 2).

3.2. DLW study

3.2.1. Subjects
One cancer patient and one healthy subject were excluded

because they did not complete 7 days of ActivPAL� completion.
Therefore, 15 assessments were included (6 cancer patients and 9
assessments in 8 healthy subjects). Cancer patients did not differ
from the healthy subjects in LBM or fat mass (Table 4). As expected,
when assessed by DLW, cancer patients exhibited lower mean TEE
(2321 kcal/day vs. 3202 kcal/day; p ¼ 0.044) and EEA (742 kcal/day
vs. 1609 kcal/day; p ¼ 0.036) compared with healthy subjects.

3.2.2. REE
When expressed in relation to body weight, average measured

REEl for the entire study cohort was 0.84 kcal/kg/hr (SD ¼ 0.12,
range ¼ 0.63e1.14). This value equates to the EE of 1MET (as
measured by ActivPAL�) and differs from the hypothesized value of
1 kcal/kg/hr. Predicted REE was derived by multiplication of
0.84 kcal/kg/hr by 24� bodyweight (Table 5). A BlandeAltman plot
of the agreement between predicted REE (mean ¼ 1587 kcal/day,
SD ¼ 259, range ¼ 1160e2054) and measured REE (mean ¼
1614 kcal/day, SD ¼ 168, range ¼ 1280e1885) demonstrated
amean difference of 27 kcal/day (SD¼ 218; 95%LOA¼�400,454) or
absolute error of 1.7%.

3.2.3. EEA
Median length of ActivPAL� monitoring was 14 days

(range ¼ 7e14 days). On regression analysis, step count accounted
for 80.0% of the variation in EEAl

DLW (in kcal/kg/hr) (p < 0.001).
However, the relationship between time spent upright and EEAl

DLW
was less strong (r2 ¼ 0.52).

Values of EEAl
DLW were higher than values of EEAl

MET (Fig. 3).
These two variables expressed a non-linear relationship with

Table 3
Video study: time spent (seconds) in body postures for all patients. Values are mean
(SD and range) unless otherwise stated.

Video ActivPAL Absolute
Error (%)

Swb

Test series I
(n ¼ 45)
Lyinga

(n ¼ 36)
12.2 (4.8, 4e25) 12.2 (4. 8, 3.9e25) 0.1 0.06

Sitting 20.0 (0, 2e20) 20.0 (0.1, 19.9e20.1) 0.1 0.05
Upright
(standing and
walking)

36.1 (13.2, 21e86) 36.1 (13.2, 21,1e86.1) 0.1 0.05

Test series II
(n ¼ 29)
Sedentary
(lying
and sitting)

98.6 (139.7, 0e455) 98.7 (139.7, 0e455) 0.0 0.00

Upright
(standing and
walking)

28.6 (36.1, 0e211) 28.6 (36.3, 0e211) 0.1 0.12

a Nine registrations were excluded from analysis because patients elevated their
upper body during lying and turning in bed, and thus movements were registered
by the chest ActivPAL� as sitting.

b Within subject standard deviation (seconds).

Fig. 1. Video study: BlandeAltman plot of agreement between video step count and
ActivPAL� step count. Filled circles represent patients with KPS 40e60 (non-self
caring) and open circles KPS 70e100 (self caring). Solid lines represent the mean
difference and 95% LOA for patients with KPS 40e60. Dotted lines represent the mean
difference and 95% LOA for patients with KPS 70e100. KPS ¼ Karnofsky Performance
Status.

Fig. 2. Video study: Difference in step count (number of steps) between the ActivPAL�
and the video observation plotted against the walking speed (meter per second) for all
walking trials (n ¼ 133).
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equation: EEAl
DLW ¼ 15.08EEAl

MET
3.61 (r2 ¼ 0.80) (Fig. 3). Thus,

a validated estimate of EEA (in kcal/day) was derived using the
equation: EEAActivPAL ¼ 24 x weight x 15.08EEAl

MET
3.61

This equation was transposed further to use the primary EE
output of ActivPAL�, namely TEEMET: EEAActivPAL ¼ 362 x weight x
((TEEMET-24)/24)

3.61

A BlandeAltman plot of the agreement between EEAActivPAL
(mean ¼ 1244 kcal/day, SD ¼ 825, range ¼ 486e3334) and EEADLW
(mean ¼ 1262 kcal/day, SD ¼ 807, range ¼ 374e3424) demon-
strated a mean difference of �18 kcal/day (SD ¼ 347; 95%
LOA ¼ �699,663) or absolute error of 1.4% (Fig. 4).

Furthermore, as TEEl ¼ REElþEEAl, a validated estimate of TEE
(in kcal/day) was derived using the equation: TEEActivPAL ¼ 24 x
weight x [0.84þ (15.08 x ((TEEMET-24)/24)

3.61].
A BlandeAltman plot of the agreement between TEEActivPAL

(mean¼ 2859 kcal/day, SD¼ 787, range ¼ 2129e5045) and TEEDLW
(mean ¼ 2849 kcal/day, SD ¼ 849, range ¼ 2017e5309) demon-
strated a mean difference of 9 kcal/day (SD ¼ 411; 95%
LOA ¼ �796,814) or absolute error of 0.4%. No obvious relationship
was observed between TEEDLW and the difference in TEE between
the two methods as values were scattered evenly about the mean.

In a regression model, EEAActivPAL accounted for 85.1% of the vari-
ation in TEEDLW (p < 0.001), whereas predicted REE was not
a significant determinant.

4. Discussion

This study represents the first attempt to validate an AM system
in patients with advanced cancer. It demonstrates that ActivPAL�
can provide valid estimates of body postures and transfers in
advanced cancer patients with KPS 40e100. Furthermore, post-hoc
mathematical modeling can reduce percentage errors in the
assessment of EEA in healthy subjects and advanced cancer patients
with KPS 80e100 compared to the ActivPAL algorithm, although
overall agreement between ActivPAL� and DLW was also low.

The video study showed a very small measurement error
(<0.1%) for the AM monitor in the registration of time spent in
different body postures and the number of sit-to-stand transfers.
These findings correspond with other validation studies of
ActivPAL�8,14,15,18 and suggest that time in different body positions
and numbers of transitions between positions are reliable
outcomes from the AM monitor, even in frail persons.

However, step count in patients with KPS 40e60 and KPS
70e100 demonstrated absolute errors of 32.9% and 24.1, respec-
tively. This may be explained by a slow absolute gait speed; 0.48 m/
s in patients with KPS 40e60 and 0.67 m/s in patients with KPS
70e100. Slow gait speed gives low acceleration amplitudes that
may fail to be detected by the software system as steps.14,19

Inspection of the raw ActivPAL� acceleration data confirmed that
steps had been registered by the monitor but were left unrecog-
nised following software calculations. Similar high step count
errors have also been demonstrated in slow walkers (<0.8 m/s)
when using other AM-systems12,35e37and cumulatively, these
observations suggest that, at the present time, algorithms imbed-
ded in AM soft wares may not be sophisticated enough to detect
steps in frail and slowwalkers. Furthermore, it has been shown that
the reliability of ActivPAL� is less for self-paced floor walking
compared with treadmill walking and stair walking in healthy
adults.38 The present data also highlight the potential difficulties of
validating PA outcome measures in “mixed” populations. The video
study aimed to recruit patients across a range of KPS, and yet by
doing this, it has been shown that the quality of the validation of
step count as an outcome varies significantly between self-caring
(KPS 70e100) and non-self-caring (KPS 40e60) populations.

The inaccuracies in ActivPAL�-derived measures of step count
may also be explained by the short walking distance used in the
video study (6 m). Short walking sequences give atypical gait
characteristics with low acceleration amplitudes during start and
stop, and this may have contributed to the high step count errors
observed.39 Still, for clinical purposes, short walking distances are
more likely to be representative of the daily PA of advanced cancer
patients in their home environment.

The preliminary DLW results show that, although ActivPAL�
demonstrates inaccuracy when measuring step count during short
walking distances, post-hoc mathematical modeling can be used to
provide valid mean assessments of EE in free-living healthy indi-
viduals and non-hospitalized patients with cancer (KPS 80e100).
However, despite valid mean assessments, ActivPAL�-derived
assessments demonstrated wide variability compared with DLW-
derived measurements, thus limiting their current applicability as
outcome measures in intervention trials. For measured variables,
mean difference between the two methodologies was small; mean
bias in TEE between ActivPAL� and DLW was only 9 kcal/day,
whereas the mean bias in EEA between the twomethodologies was
an underestimation by ActivPAL� of 18 kcal/day. The results of the
present study show either similar or superior mean agreement

Fig. 3. DLW study: Scatter plot of EEAl
MET versus EEAl

DLW (r2 ¼ 0.80). Filled circles
representcancerpatientswhereasopencircles representhealthy subjects.DLW¼doubly
labelled water; EEA ¼ energy expenditure of activity; MET ¼ metabolic equivalent.

Fig. 4. DLW study: BlandeAltman plot of agreement between EEAActivPAL and EEADLW.
Y axis defined by calculation: EEAActivPAL - EEADLW. Solid line represents the mean
difference and dotted lines represent 95% limits of agreement (þ/� 2SD). Filled circles
represent cancer patients whereas open circles represent healthy subjects.
DLW ¼ doubly labelled water; EEA ¼ energy expenditure of activity.

R.J.E. Skipworth et al. / Clinical Nutrition 30 (2011) 812e821818



between ActivPAL� and DLW compared with other studies.40e43

However, to derive these small measurements of mean error,
retrospective mathematical correction was required. Thus, further
studies are required to validate these measurements.

Furthermore, despite small mean errors, within-subject vari-
ability was high. For example, when considering EEA, the mean
measured EEADLW across the entire DLW study cohort was
1262 kcal/day and yet the 95%LOA between the two methodologies
was approximately þ/�700 kcal/day i.e. a potential variability of
55%. This high degree of variability would render the conclusions of
any intervention study using EEA as an outcome measure very
difficult to interpret, particularly as the DLW study included cancer
patients with KPS scores of 80e100, the target population of future
intervention studies. (Patients with KPS scores �70 would likely be
considered too frail to be offered palliative therapeutic interven-
tions, such as chemotherapy). Avoidingmixed study populations by
repeating the DLW study in larger, “pure” cohorts of cancer patients
or healthy subjects might demonstrate differing degrees of vari-
ability within subgroups. However, within the context of the
current pilot study, dividing the DLW study cohort into cancer
patients and healthy subjects would not appear to be of benefit.

Sources of error that may have introduced disagreement
between methods in the DLW study would have included under-
report of steps during slow walking.14,19 However, in the present
study, under-reporting of step count is unlikely to be the sole
reason, as there were no obvious linear relationships between gold
standard-derived measures of EE and disagreement between
methodologies. In previous studies using ActivPAL� in community-
dwelling older adults (mean age 79 years), principal components
analysis demonstrated that 80% of the variance in PA scores was
described by walking behavior (39%), sedentary behaviour (24.3%)
and postural transitions (16.7%).44 Thus, patient behaviour not
registered by the ActivPAL may affect the validity of PA outcome
measures. Furthermore, regression analysis demonstrated age and
BMI to be significant predictors of physical behaviour.44 Therefore,
increasing patient age and worsening nutritional depletion, both
factors associated with frailty in advanced cancer, might influence
PA outcome validity.

Consistent with previous studies,6 cancer patients exhibited
lower mean TEE and EEA than healthy subjects. However, inter-
subject variation in nutritional status or basal metabolic rate is
unlikely to explain these observed differences in TEE or EEA, as
cancer patients and healthy subjects did not differ significantly
with regards to weight, LBM, and measured REE. Therefore,
reduced TEE and EEA in cancer patients is presumably a result of
increased fatigue and lower performance, rather than severe
cachexia. Recently, much interest has focused on the concept of
‘pre-cachexia’ (cancer erelated anorexia and systemic inflamma-
tion in the absence of significant weight loss), and the fact that any
systematic approach to the treatment of cachexia requires early
identification of patients at risk and institution of prophylactic
measures to attenuate the progression of disease, prior to the
development of significant weight loss.45 In the ‘pre-cachectic’
phase, many patients are more likely to be physically active than
later in the disease trajectory, and thus the accuracy of PA outcomes
measured by AM systems might be at their highest.

The best-fit relationship between ActivPAL�- and DLW-derived
estimates of EEA appeared to be curvi-linear, rather than linear. The
reason behind this observation is unclear, but the most likely
explanationwould appear to be an underestimation of METs during
higher intensity activities, a phenomenon witnessed previously in
the ActivPAL� meter.19 An alternative explanation might be
differences in upper limb activity between subjects. ActivPAL�
only records thigh activity and thus the relatively smaller contri-
butions of arm activity to TEE and EEA are not assessed. The non-

linear (power) relationship between EEAl
MET and EEAl

DLW could
thus be explained by a proportionally larger contribution of upper
limb activity to EEA in fitter, more active individuals. However, it is
worth noting that BlandeAltman plots did not demonstrate any
significant variations in bias by ActivPAL� at extremes of TEE and
EEA.

The present study did not aim to assess the validity of different
outcomes from the AM monitor, and therefore questions remain
regarding the best way to utilise PA outcome measures in future
intervention studies. The type of PA measure that may be the most
sensitive to change following anti-cancer/anti-cachexia interven-
tion, is yet to be identified. However, the study does suggests that
time spent upright may be an accurate outcome measure that can
be utilised in patient with a wide range of PF. Step count and EEA
showed less accuracy, but it could be argued that these measures
provide valuable additional information, including intensity of PA,
in self caring populations (KPS 70e100). Both ActivPAL�-derived
step count and/or time spent upright have been used with success
as both outcome measures and measures of compliance following
exercise training interventions in patients with heart failure46 and
stroke15 and neuromuscular electrical stimulation on the quadri-
ceps in patients with non-small cell lung cancer.47 Time spent
upright also correlated negatively with symptoms of psychological
distress in patients with chronic low back pain.48 Future clinical
trials may need to assess different outcomes from AM-systems
initially in order to stratify their relevant importance in patients
with advanced cancer.

In conclusion, although AM-systems promise the possibility of
patient-focused outcomes for clinical trials and the clinical
management of patients with advanced cancer, at present, some
outcomes such as step count and EE cannot be used with accuracy
in frail populations. However, ActivPAL� is accurate at assessing
body positions and transfers across functional levels. Further
prospective studies with larger cohorts with a wide spectrum of PA
are required to improve our understanding of the relationship
between patient demographics, behavior and PA, and to assess the
validity of different endpoints and different AM-systems in
advanced cancer patients.

Conference presentation

Skipworth RJE, Stene GB, Hendry PO, Dahele M, Small AC, Blum
D, Kaasa S, Trottenberg P, Radbruch L, Strasser F, Preston T, Fearon
KCH, Helbostad JL. Patient-focused endpoints for clinical trials:
criterion-based validation of accelerometer-based activity moni-
toring in advanced cancer. Palliative Medicine 2010 June; 24(4)
(Suppl): S63eS64. (Poster presentation at the 11th EAPC congress
in Glasgow June 7th 10th 2010).

Conflict of interest
There are no conflicts of interest to declare.

Acknowledgements

This study is part for the Work Package 2.3. Assessment and
classification of cachexia in the the European Palliative Care
Research Collaborative (EPRCR) and is funded by the European
Commission’s Sixth Framework Programme (contract no LSHC-CT-
2006-037777) with the overall aim to improve treatment of pain,
depression and fatigue through translation research.

Core scientific group/work package leaders: Stein Kaasa (project
coordinator), Frank

Skorpen, Marianne Jensen Hjermstad, and Jon Håvard Loge,
Norwegian University of Science and Technology (NTNU); Geoffrey
Hanks, University of Bristol; Augusto Caraceni and Franco De

R.J.E. Skipworth et al. / Clinical Nutrition 30 (2011) 812e821 819



Conno, Fondazione IRCCS Istituto Nazionale dei Tumori, Milan;
Irene Higginson, King’s College London; Florian Strasser, Cantonal
Hospital St. Gallen; Lukas Radbruch, RWTH Aachen University;
Kenneth Fearon, University of Edinburgh; Hellmut Samonigg,
Medical University of Graz; Ketil Bø, Trollhetta AS, Norway; Irene
Rech- Weichselbraun, Bender MedSystems GmbH, Austria; Odd
Erik Gundersen, Verdande, Technology AS, Norway. Scientific advi-
sory group: Neil Aaronson, The Netherlands Cancer

Institute; Vickie Baracos and Robin Fainsinger, University of
Alberta; Patrick C. Stone, St. George’s University of London; Mari
Lloyd-Williams, University of Liverpool.

Project management: Stein Kaasa, Ola Dale, and Dagny F. Haugen,
NTNU.

Statement of authorship: RJES and GBS contributed equally to this
piece of work and are both listed as first authors. RJES carried out
the DLW study and data analyses and drafted the manuscript and
GBS carried out the video study and data analyses and drafted the
manuscript. POH, MD, ACS, TP and KCHF were all involved in the
conception and design of the study, or acquisition of data, or
analysis and interpretation of data in the DLW study. DB, FS, SK, PT,
LR and JLH were all involved in the conception and design of the
study, or acquisition of data, or analysis and interpretation of data
in the video study. SK is the principal investigator of the EPCRC.
KCHF was the principal investigator of the DLW study. JLH was the
principal investigator of the video study. All authors were involved
in writing the manuscript and revising it critically for important
intellectual content.

References

1. Evans WJ, Morley JE, Argiles J, Bales C, Baracos V, Guttridge D, et al. Cachexia:
a new definition. Clin Nutr 2008;27:793e9.

2. Yates JW, Chalmer B, McKegney FP. Evaluation of patients with advanced
cancer using the Karnofsky performance status. Cancer 1980;45:2220e4.

3. Prince SA, Adamo KB, Hamel ME, Hardt J, Gorber SC, Tremblay M. A comparison
of direct versus self-report measures for assessing physical activity in adults:
a systematic review. Int J Behav Nutr Phys Act 2008;5:56.

4. Mantovani G, Madeddu C, Serpe R. Improvement of physical activity as an
alternative objective variable to measure treatment effects of anticachexia
therapy in cancer patients. Curr Opin Support Palliat Care 2010;4:259e65.

5. Dahele M, Skipworth RJ, Wall L, Voss A, Preston T, Fearon KC. Objective physical
activity and self-reported quality of life in patients receiving palliative
chemotherapy. J Pain Symptom Manage 2007;33:676e85.

6. Moses AW, Slater C, Preston T, Barber MD, Fearon KC. Reduced total energy
expenditure and physical activity in cachectic patients with pancreatic cancer
can be modulated by an energy and protein dense oral supplement enriched
with n-3 fatty acids. Br J Cancer 2004;90:996e1002.

7. Chen KY, Bassett Jr DR. The technology of accelerometry-based activity moni-
tors: current and future. Med Sci Sports Exerc 2005;37:S490e500.

8. Grant PM, Ryan CG, Tigbe WW, Granat MH. The validation of a novel activity
monitor in the measurement of posture and motion during everyday activities.
Br J Sports Med 2006;40:992e7.

9. Grant PM, Dall PM, Mitchell SL, Granat MH. Activity-monitor accuracy in
measuring step number and cadence in community-dwelling older adults.
J Aging Phys Act 2008;16:201e14.

10. Bussmann HB. Validity and reliability of measurements obtained with an
"activity monitor" in people with and without a transtibial amputation. Phys
Ther 1998;78:989e98.

11. van den Berg-Emons HJ, Bussmann JB, Balk AH, Stam HJ. Validity of ambulatory
accelerometry to quantify physical activity in heart failure. Scand J Rehabil Med
2000;32:187e92.

12. Storti KL, Pettee KK, Brach JS, Talkowski JB, Richardson CR, Kriska AM. Gait
speed and step-count monitor accuracy in community-dwelling older adults.
Med Sci Sports Exerc 2008;40:59e64.

13. Kaasa S, Loge JH, Fayers P, Caraceni A, Strasser F, Hjermstad MJ, et al. Symptom
assessment in palliative care: a need for international collaboration. J Clin Oncol
2008;26:3867e73.

14. Taraldsen K, Askim T, Sletvold O, Einarsen EK, Bjastad KG, Indredavik B, et al.
Evaluation of a body-worn sensor system to measure physical activity in older
people with impaired function. Phys Ther 2011;91:277e85.

15. Grant PM, Granat MH, Thow MK, Maclaren WM. Analyzing free-living physical
activity of older adults in different environments using body-worn activity
monitors. J Aging Phys Act 2010;18:171e84.

16. Kozey-Keadle S, Libertine A, Lyden K, Staudenmayer J, Freedson P. Validation of
Wearablemonitors for assessing sedentary behavior.Med Sci Sports Exerc; 2011.

17. Ryan CG, Grant PM, Tigbe WW, Granat MH. The validity and reliability of
a novel activity monitor as a measure of walking. Br J Sports Med
2006;40:779e84.

18. Maddocks MM, Petrou AA, Skipper LL, Wilcock AA. Validity of three acceler-
ometers during treadmill walking and motor vehicle travel. Br J Sports Med;
2008.

19. Harrington DM, Welk GJ, Donnelly AE. Validation of MET estimates and step
measurement using the ActivPAL physical activity logger. J Sports Sci
2011;29:627e33.

20. Ainsworth BE. Comparison of three methods for measuring the time spent in
physical activity. Med science sports Exercise 2000;32:S457e64.

21. Seaby L, Torrance G. Reliability of a physiotherapy functional assessment used
in a rehabilitation setting. Physiother Can 1989;41:264e71.

22. Tinetti ME. Performance-oriented assessment of mobility problems in elderly
patients. J Am Geriatr Soc 1986;34:119e26.

23. Falconer JS, Fearon KC, Plester CE, Ross JA, Carter DC. Cytokines, the acute-
phase response, and resting energy expenditure in cachectic patients with
pancreatic cancer. Ann Surg 1994;219:325e31.

24. Nicholson MJ, Holton J, Bradley AP, Beatty PC, Campbell IT. The performance of
a variable-flow indirect calorimeter. Physiol Meas 1996;17:43e55.

25. Weir JB. New methods for calculating metabolic rate with special reference to
protein metabolism. J Physiol 1949;109:1e9.

26. Schofield WN. Predicting basal metabolic rate, new standards and review of
previous work. Hum Nutr Clin Nutr 1985;39(Suppl. 1):5e41.

27. Pace Nr EN. Studies on body composition III. The body water and chemically
combined nitrogen content in relation to fat content. J Biol Chem
1945;158:685e91.

28. Levine J, Melanson EL, Westerterp KR, Hill JO. Measurement of the components
of nonexercise activity thermogenesis. Am J Physiol Endocrinol Metab 2001;281:
E670e5.

29. Scrimgeour CM, Rollo MM, Mudambo SM, Handley LL, Prosser SJ. A simplified
method for deuterium/hydrogen isotope ratio measurements on water
samples of biological origin. Biol Mass Spectrom 1993;22:383e7.

30. Prosser SJ, Scrimgeour CM. High-precision determination of 2H/1H in H2 and
H2O by continuous-flow isotope ratio mass spectrometry. Anal Chem
1995;67:1992e7.

31. Prosser SJ, Brookes ST, Linton A, Preston T. Rapid, automated analysis of 13C
and 18O of CO2 in gas samples by continuous-flow, isotope ratio mass spec-
trometry. Biol Mass Spectrom 1991;20:724e30.

32. Goran MI, Poehiman ET, Danforth E. Experimental reliability of the doubly
labeled water technique. Am J Physiol Endocrinol Metab; 1994:E510e5.

33. Wolfe RR. Radioactive and stable isotope Tracers in Biomedicine. New York:
Wiley; 1992.

34. Black AE, Coward WA, Cole TJ, Prentice AM. Human energy expenditure in
affluent societies: an analysis of 574 doubly-labelled water measurements. Eur
J Clin Nutr 1996;50:72e92.

35. Dijkstra B, Zijlstra W, Scherder E, Kamsma Y. Detection of walking periods and
number of steps in older adults and patients with Parkinson’s disease: accuracy
of a pedometer and an accelerometry-based method. Age Ageing 2008;
37:436e41.

36. Esliger DW, Probert A, Gorber SC, Bryan S, Laviolette M, Tremblay MS. Validity
of the Actical accelerometer step-count function. Med Sci Sports Exerc
2007;39:1200e4.

37. Ramstrand N. Validation of a patient activity monitor to quantify ambulatory
activity in an amputee population. Prosthetics Orthotics International
2007;31:157e66.

38. Dahlgren G, Carlsson D, Moorhead A, Hager-Ross C, McDonough SM. Test-
retest reliability of step counts with the ActivPAL device in common daily
activities. Gait Posture 2010;32:386e90.

39. Dijkstra BB, Kamsma YB, Zijlstra WW. Detection of gait and postures using
a miniaturised triaxial accelerometer-based system: accuracy in community-
dwelling older adults. Age and Ageing 2010;39:259e62.

40. Arvidsson D, Slinde F, Nordenson A, Larsson S, Hulthen L. Validity of the
ActiReg system in assessing energy requirement in chronic obstructive
pulmonary disease patients. Clin Nutr 2006;25:68e74.

41. Hustvedt BE, Svendsen M, Lovo A, Ellegard L, Hallen J, Tonstad S. Validation of
ActiReg to measure physical activity and energy expenditure against doubly
labelled water in obese persons. Br J Nutr 2008;100:219e26.

42. Copland L, Liedman B, Rothenberg E, Ellegard L, Hustvedt BE, Bosaeus I. Validity
of the ActiReg system and a physical activity interview in assessing total
energy expenditure in long-term survivors after total gastrectomy. Clin Nutr
2008;27:842e8.

43. Gardner AW, Poehlman ET. Assessment of free-living daily physical activity in
older claudicants: validation against the doubly labeled water technique.
J Gerontol A Biol Sci Med Sci 1998;53:M275e80.

44. Lord S, Chastin SF, McInnes L, Little L, Briggs P, Rochester L. Exploring patterns
of daily physical and sedentary behaviour in community-dwelling older adults.
Age Ageing 2011;40:205e10.

45. Muscaritoli M, Anker SD, Argiles J, Aversa Z, Bauer JM, Biolo G, et al. Consensus
definition of sarcopenia, cachexia and pre-cachexia: joint document elaborated
by Special Interest Groups (SIG) "cachexia-anorexia in chronic wasting
diseases" and "nutrition in geriatrics. Clin Nutr 2010;29:154e9.

R.J.E. Skipworth et al. / Clinical Nutrition 30 (2011) 812e821820



46. Cowie A, ThowMK, GranatMH,Mitchell SL. A comparison of home and hospital-
based exercise training in heart failure: immediate and long-term effects upon
physical activity level. Eur J Cardiovasc Prev Rehabil 2011;18:158e66.

47. Maddocks M, Lewis M, Chauhan A, Manderson C, Hocknell J, Wilcock A.
Randomized controlled pilot study of neuromuscular electrical stimulation of

the quadriceps in patients with non-small cell lung cancer. J Pain Symptom
Manage 2009;38:950e6.

48. Ryan CG, Gray HG, Newton M, Granat MH. The relationship between psycho-
logical distress and free-living physical activity in individuals with chronic low
back pain. Man Ther 2010;15:185e9.

R.J.E. Skipworth et al. / Clinical Nutrition 30 (2011) 812e821 821



Paper III





Correspondence: G. B. Stene, Department of Neuroscience, Faculty of Medicine, Norwegian University of Science and Technology, Faculty of Medicine, 
Trondheim, 7491, Norway. Tel:  47 482 26799. E-mail: guro.b.stene@ntnu.no

(Received 19 May 2014; accepted 3 August 2014)

ORIGINAL ARTICLE

Changes in skeletal muscle mass during palliative chemotherapy  
in patients with advanced lung cancer

GURO B. STENE1,2,3, JORUNN L. HELBOSTAD3,4, TORE AMUNDSEN5,6, 
SVEINUNG SØRHAUG1,5, HARALD HJELDE5, STEIN KAASA1,2  
& BJØRN H. GRØNBERG1,2

1European Palliative Care Research Centre, Department of Cancer Research and Molecular Medicine, Faculty of 
Medicine, Norwegian University of Science and Technology NTNU, Trondheim, Norway, 2The Cancer Clinic, St. Olav’s 
Hospital, Trondheim University Hospital, Trondheim, Norway, 3Department of Neuroscience, Faculty of Medicine, 
Norwegian University of Science and Technology NTNU, Trondheim, Norway, 4Department of Clinical Services,  
St. Olav’s Hospital, Trondheim University Hospital, Trondheim, Norway, 5Department of Thoracic Medicine,  
St. Olav’s Hospital, Trondheim University Hospital, Trondheim, Norway and 6Department of Circulation and Medical 
Imaging, Faculty of Medicine, Norwegian University of Science and Technology NTNU, Trondheim, Norway

ABSTRACT

Background. Sarcopenia is a defining feature of cancer cachexia associated with physical decline, poor quality of life 
and poor prognosis. Thus, maintaining muscle mass is an important aim of cachexia treatment. Many patients at risk 
for developing cachexia or with cachexia experience side effects of chemotherapy that might aggravate the development 
of cachexia. However, achieving tumor control might reverse the catabolic processes causing cachexia. There is limited 
knowledge about muscle mass changes during chemotherapy or whether changes in muscle mass are associated with 
response to chemotherapy.
Patients and methods. In this pilot study, patients with advanced non-small cell lung cancer (NSCLC) receiving 
three courses of palliative chemotherapy were analyzed. Muscle mass was measured as skeletal muscle cross sectional 
area (SMCA) at the level of the third lumbar vertebrae using CT images taken before and after chemotherapy.
Results. In total 35 patients, 48% women, mean age 67 years (range 56–86), participated; 83% had stage IV disease 
and 71% were sarcopenic at baseline. Mean reduction in SMCA from pre- to post-chemotherapy was 4.6 cm2 (CI 95% 

7.3– 1.9; p  0.002), corresponding to a 1.4 kg loss of whole body muscle mass. Sixteen patients remained stable 
or gained SMCA. Of these, 14 (56%) responded to chemotherapy, while two progressed (p  0.071). Maintaining or 
gaining SMCA resulted in longer median overall survival (loss: 5.8 months, stable/gain: 10.7 months; p  0.073). Stage 
of disease (p  0.003), treatment regimen (p  0.023), response to chemotherapy (p  0.007) and SMCA change 
(p  0.040), but not sarcopenia at baseline, were significant prognostic factors in the multivariate survival analyses.
Conclusion. Almost half of the patients had stable or increased muscle mass during chemotherapy without receiving 
any cachexia treatment. Nearly all of these patients responded to the chemotherapy. Increase in muscle mass, but not 
sarcopenia at baseline, was a significant prognostic factor.

Cancer cachexia is a common feature of advanced 
cancer, and has been estimated to be the main cause 
of death in 20% of cancer patients [1]. The syndrome 
is characterized by anorexia, reduced food intake, 
metabolic changes, weight loss, low body mass index 
and/or low skeletal muscle mass (sarcopenia) [2,3]. 
Recent studies show that sarcopenia is frequent in 

advanced cancer, and is associated with physical 
decline, reduced quality of life, increased chemo-
therapy toxicity and shorter survival time [4–8].

Muscle mass can be assessed from CT images 
and has been proposed as an important entry criteria 
and outcome for clinical trials of cachexia therapy 
[9]. Studies using CT image analysis to measure 
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muscle mass, have revealed a loss of muscle mass 
during anti-cancer therapy in patients with various 
advanced cancers [7,10–14], but some of them also 
show that patients might gain muscle mass [7,13,14]. 
Catabolic processes, such as inflammation (associ-
ated with high C-reactive protein and low albumin 
values [15]), abnormal metabolism and reduced 
caloric intake due to the underlying malignancy are 
considered to be main causes of muscle loss [14]. 
Thus, it has been proposed that successful treatment 
of the underlying malignancy can reduce or even 
reverse the catabolic effects on the muscle mass [7].

Although it has been shown that chemotherapy 
might improve quality of life and survival in advanced 
cancer patients [16], there is still limited knowledge 
about changes in muscle mass during chemotherapy 
in patients with advanced cancer, and whether 
changes in muscle mass are associated with response 
to the treatment.

Non-small cell lung cancer (NSCLC) is the most 
common cause of cancer-related deaths. Nearly all 
patients develop advanced, incurable disease for which 
palliative chemotherapy is the recommended therapy. 
The prevalence of sarcopenia is high (40–60%) and 
higher than in most other types of cancer [4]. Thus, 
in this study of patients with advanced NSCLC 
receiving three cycles of platinum-based chemother-
apy, the primary aim was to explore changes in mus-
cle mass assessed by CT images taken before and 
after chemotherapy in order to answer the following 
research questions:

Does skeletal muscle mass change during pal-1. 
liative chemotherapy?
Are there any associations between changes in 2. 
muscle mass and response to chemotherapy?

As a secondary aim, we explored whether change 
muscle is an independent prognostic factor for  
survival.

Methods

This pilot observational cohort study used data from 
a randomized study comparing quality of life during 
chemotherapy with two different regimens for advanced 
NSCLC [17]. Main eligibility criteria were written 
informed consent, age  18 years, WHO performance 
status score (PS) 0–2, and stage IIIB–IV NSCLC eli-
gible for palliative chemotherapy [17]. Patients were 
randomized to receive either carboplatin AUC  5 
(Calvert’s formula) day 1 plus vinorelbine 25 mg/m2 
day 1 & 8 or carboplatin AUC  5 (Calvert’s) day 1 
plus gemcitabine 1000 mg/m2 day 1 & 8 every three 
weeks. Three courses were planned for all patients.

Patients who received at least one course of chemo-
therapy and had a CT scan before and after chemo-

therapy were included in the present study. The study 
was approved by the Regional Committee for Medical 
and Health Research Ethics in Central Norway.

Imaging and assessment of skeletal muscle mass

CT scans were taken within two weeks before che-
motherapy commenced and within three weeks after 
the last course of chemotherapy was administered. 
Median time between the CT scans was 88 days  
(SD 22; range 43–122).

Muscle mass was measured as total SMCA using 
CT-images at the third lumbar vertebra level (L3) 
and expressed in cm2 [18]. The Slice O’ Matic v 4.3 
by Tomovision, Canada software was used for image 
analysis. One image (with a maximum slice thickness 
of 5 mm) was selected for each patient. During ana-
tomical land marking, the first image at L3 with both 
vertebral transverse processes clearly visible, were 
used in the analysis. Radio density of the skeletal 
muscle was calculated by use of Hounsfield Units, 
with thresholds from  29 to  150 [18].

Change in SMCA was dichotomized according 
to change from pre-to post-chemotherapy: 1) patients 
with  2% loss of SMCA; and 2) all other patients. 
The cut-offs were defined according to the previ-
ously reported measurement error of 2% for CT 
image analysis at the L3 vertebral level [19], equiva-
lent to a change of whole body skeletal muscle mass 
of  1 kg [20]. Whole body muscle mass in kilogram 
was calculated from the SMCA, as described by 
Mourtzakis et al. [19]. Thresholds for classifying  
sarcopenia at baseline were based on previously 
reported cut-off values; SMCA normalized for stat-
ure (height, m2)  38, 5 cm2/m2 for women and 

 52, 4 cm2/m2 for men [21].

Other assessments

Stage of disease was assessed at baseline according to 
the TNM v7.0 [22]. Response to chemotherapy was 
assessed by comparing the post-treatment CT scans 
with pre-treatment images and was classified accord-
ing to the RECIST-criteria v1.1 as complete response 
(CR), partial response (PR), stable disease (SD) or 
progressive disease (PD) [23]. Toxicity was classified 
and graded according to the CTCAE 3.0 [24]. Weight 
loss (kg) the last three months before start of chemo-
therapy was assessed by patients’ self-report. Values 
of C-reactive protein (CRP) and albumin were col-
lected from hospital medical records. Patients 
reported health-related quality of life (HRQoL) at 
pre-treatment and three weeks after the last course 
of chemotherapy by the European Organization for 
Research and Treatment of Cancer (EORTC)  
Quality of life Questionnaires C30 and LC 13 [25].
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 Change in muscle mass during palliative chemotherapy  3

Data analysis and statistical analysis

Descriptive data is presented as means and standard 
deviations (SD) for continuous variables and propor-
tions and percentages for categorical variables. 2 
and Fisher’s exact tests were used for group- 
comparisons in categorical variables, and for the pur-
pose of statistical analysis variables were dichotomized. 
Thus, patients with a CR, PR or SD were categorized 
as having disease-control, and those with progressive 
disease as having progression.

Survival time was defined as time from inclusion 
in the study until death and was estimated using the 
Kaplan-Meier method. The log-rank test was used 
for uni-variate survival analysis and the Cox propor-
tional hazard method for multivariate survival analy-
sis, adjusting for established prognostic factors in 
advanced NSCLC (PS, stage of disease, gender, 
tumor response, patient-reported global quality of 
life and appetite loss at baseline; and weight loss), 
CRP- and albumin-values at baseline, sarcopenia at 
baseline, body mass index and treatment [5,26].

Results

Patient characteristics

From August 2009 to May 2010, 54 patients were 
enrolled in the main study. Of these, 35 patients were 

eligible for inclusion in the present study. Reasons 
for exclusion were discontinuation from the main 
trial or death (n  10), or no CT scans at the L3 
vertebral level both before and after chemotherapy 
(n  9).

Patients characteristics are shown in Table I. 
Median age was 66 (range 55–86) years, 18 (51%) 
were men, 29 (83%) had stage IV disease,  
4 (11%) had PS 0 and 29 (83%) had PS 1. Mean 
body weight was 71.5 kg (SD 14.4); 2 (6%) were 
underweight (BMI  18.5 kg/m2), 17 (49%) had nor-
mal weight (BMI 18.5–24.9 kg/m2), 13 (37%) were 
overweight (BMI 25.0–29.9 kg/m2), and three (9%) 
were obese (BMI  30.0 kg/m2). Mean weight loss 
during the three months prior to chemotherapy was 
3.4 (SD 4.5) kg, 21 (60%) had  5% loss of body 
weight, eight (26%) between 5% and 10%, and five 
(14%) more than 10%. Twenty-six (74%) patients, 
12 women and 14 men, were sarcopenic at baseline.

Changes in skeletal muscle mass

Mean SMCA reduced in the total cohort from 121.9 
cm2 to 117.4 cm2 from pre- to post chemotherapy 
(mean change 4.6 cm2, CI 95% 7.3– 1.9; p  0.002) 
, corresponding to a reduction of whole body muscle 
mass of 1.4 kg (CI 95% 0.6–2.2) [19]. Nineteen 
(54%) had a reduction in SMCA, with a mean 

Figure 1. Change in skeletal muscle cross sectional area in patients according to sarcopenia. Individual changes in skeletal muscle cross 
sectional area (SMCA) from pre- to post-chemotherapy (Y-axis) according to sarcopenia at baseline, measured in cm2. Negative values 
indicate loss in muscle mass. Thresholds for sarcopenia were based on previously reported cut-off values for the skeletal muscle index, 
which were SMCA/body height 2;  38.5 cm2/m2 for women and  52.4 cm2/m2 for men [20]. Non-sarcopenic patients (n 9) are shown 
in the bars to the left, and sarcopenic (n 26) in the bars to the right. Black bars are SMCA Loss, Dotted grey bars are SMCA Stable 
and Light grey bars are SMCA Gain.
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decrease of 10.3 cm2 (CI 95% 13.1– 7.4; 
p  0.001). Sixteen patients (46%) had stable or 
increased SMCA, with a mean increase of 2.2 cm2 
(CI 95% 0.5–3.9; p  0.016). Figure 1 shows that 
amongst patients who were sarcopenic at baseline, 
14/26 (54%) had stable or increased muscle mass, 
whereas among non-sarcopenic patients, the corre-
sponding numbers were 2/9 (22%) (p  0.104).

Associations between response to chemotherapy, 
laboratory values, changes in skeletal muscle  
mass and changes in HRQoL

A total of 25 patients (71%) had disease-control fol-
lowing chemotherapy (response or stable disease), 
while 10 patients (29%) progressed (Table II). 
Among those with disease-control, 14/25 (56%) 
maintained or gained SMCA, whereas 2/10 (20%) 

of those who progressed gained muscle mass 
(p  0.071). Descriptive data of changes in SMCA 
from pre- to post-chemotherapy depending on 
response to the chemotherapy are illustrated in  
Figure 2.

CRP or albumin levels at the start of chemother-
apy were not significantly associated with change in 
muscle mass. Among patients with a CRP  10 ml/g, 
there were 14 patients who maintained or gained 
SMCA and 12 who lost SMCA (p  0.101). For 
albumin, the proportions with low values (  36 m/l) 
were 6/14 and 4/12 before and after chemotherapy, 
respectively (p  0.283).

Patients who maintained or gained SMCA, had 
an increase in physical function, with a change in 
mean scores from 65.7 (SD 22.2) to 66.2 (SD 20.2) 
points; for reduced appetite loss, the mean score 
changed from 19.0 (SD 25.2) to 14.3 (SD 31.3), 

Table 1. Baseline characteristics.

All patients 
n  35

SMCAGain/stable 
n  16

SMCALoss 
n  19

Age, years mean, SD 67.1 6.8 66.0 4.1 68.0 8.4
Gender

Female n, (%) 17 49 7 44 10 53
Male 18 51 9 56 9 47

Stage of cancer1 n, %
IIIB 6 17 3 19 3 16
IV 29 83 13 81 16 84

Performance status2

0 n, % 4 11 1 6 3 16
1 29 83 14 88 15 79
2 2 6 1 6 1 5

Height, m mean, SD 1.70 20.1 1.72 7.7 1.71 8.7
Weight, kg mean, SD 71.5 14.4 72.2 12.9 70.8 15.7
BMI, kg/m2,3 mean, SD 24.2 4.2 24.2 3.9 24.2 4.5

Underweight  18.5 n, % 2 6 1 6 1 5
Normal 18.5–24.9 17 49 7 44 10 53
Overweight 25–29.9 13 37 7 4 6 32
Obese  30 3 9 1 6 2 11

WL, 3 months pre-study (kg) mean, SD 3.4 4.5 5.0 5.8 1.9 2.3
 5% n, % 21 60 9 56 13 68

5–10% 9 26 3 19 5 26
 10% 5 14 4 25 1 5

C-reactive protein (ml/g) mean, SD 43.3 46.0 44.5 35.1 42.3 54.4
 10 n, % 9 26 2 12 7 37
 10 26 74 14 88 12 63

Albumin (m/l) mean, SD 38.2 4.3 37.3 3.8 39 4.6
 36 n, % 25 71 10 62 15 79
 36 10 29 6 38 4 21

Skeletal muscle cross sectional area (cm2) mean, SD 121.9 30.8 124.9 32.2 119.3 30.2
Skeletal muscle index (cm2/m2) 41.1 9.0 41.0 7.6 40.8 9.6
LBM, kg 42.6 9.2 43.5 9.7 41.8 9.0
Sarcopenic at study entry4 n, % 26 74 14 88 12 63
Not-sarcopenic 9 26 2 12 7 36

 1TNM-classification; 2European Collaborative Oncology Group; 3n  29; 4Thresholds for sarcopenia 
were based on previously reported cut-off values for the skeletal muscle index, which was SMCA/body 
height2  38, 5 cm2/m2 for women and  52, 4 cm2/m2 for men [20].
BMI, body mass index; LBM, lean body mass; SMCA, skeletal muscle cross sectional area; WL, weight 
loss.
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 Change in muscle mass during palliative chemotherapy  5

while those with disease progression had a decline in 
physical function [mean score changed from 65.3 
(SD 28.8) to 61.8 (SD 27.7) and increase in appetite 
loss (mean score changed from 20.0 (SD 27.6) to 
22.2 (SD 32.5)].

Toxicity

Neutropenia (n  28) and thrombocytopenia (n  13) 
were the most common grade 3–4 toxicities (Table II). 
Those who were sarcopenic at baseline did not expe-
rience more toxicity from the chemotherapy. There 
were no significant differences in grade 3–4 toxicity 
between patients who maintained/gained or those who 
lost SMCA.

Survival

In the uni-variate analysis, stage of disease (IIIB: 18.6 
months vs. IV: 7.4 months; p  0.034), treatment 
response (disease-control: 10.7 months vs. progres-
sion: 4.1 months; p  0.001) and appetite loss  
(no appetite loss: 10.7 months vs. appetite loss:  
6.7 months; p  0.022) were significant prognostic 

factors for survival (Table III). There was a trend 
towards shorter survival for patients who lost SMCA 
compared to patients with stable or gained SMCA 
(5.8 vs. 10.7 months, p  0.073). Sarcopenia at base-
line was not a significant prognostic factor (non-sar-
copenic: 7.9 vs. sarcopenic 7.5 months; p  0.490).

Stage of disease (p  0.003), treatment regimen 
(p  0.023), response to treatment (p  0.007) and 
stable/gain in SMCA (p  0.040) were significant 
prognostic factors in the multivariate survival  
analysis.

Discussion

In this exploratory pilot study of patients with 
advanced NSCLC we found a mean reduction in 
muscle mass of 1.4 kg during nine weeks of first-line 
platinum-doublet chemotherapy. There were large 
variations in changes of SMCA corresponding to 
changes in whole body muscle mass from 7.6 
to  2.6 kg. Furthermore, there was a trend towards 
less loss of muscle mass among those with disease 
control compared with the patients who progressed 

Table II. Courses of chemotherapy, response evaluation and toxicity.

All patients 
n  35

SMCAGain/stable 
n  16

SMCALoss 
n  19

n n n

Chemotherapy regimen
Carboplatin 35 16 19
Vinorelbine 13 4 9
Gemcitabine 22 12 10

Courses of chemotherapy
1A 35 16 19
1B 30 13 17
2A 34 16 18
2B 32 14 18
3A 32 16 16
3B 30 14 16

Dose reductions
1B 5 0 5
2A 17 6 11
2B 20 9 11
3A 23 10 13
3B 24 10 14

Treatment response1

Complete or partial response 13 8 5
Stable disease 12 6 6
Progressive disease 10 8 2

Hematological grade 3–4 toxicity2

Anemia 0 0 0
Neutropenia 28 13 15
Trombocytopenia 13 5 8

Non-hematological grade 3–4 toxicity2

Neutropenic infection 3 1 2
Infection without neutropenia 3 1 2
Lung embolism 1 0 1

 1RECIST version 1.1; 2 CTCAE v. 3.0.
SMCA, skeletal muscle cross sectional area.
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had a slight improvement in self-reported physical 
function and appetite, and significantly longer sur-
vival compared to other patients. The response rate 
to chemotherapy was similar as in other studies of 
NSCLC [27], and established prognostic factors in 
advanced NSCLC (stage of disease, loss of appetite 
and response to treatment) but not sarcopenia pre-
chemotherapy were significant prognostic factors for 
time to death.

Maintained or gained muscle mass during cyto-
toxic chemotherapy has to our knowledge only been 
demonstrated in one other study. In that study, 
patients with various types of advanced cancer were 
included [7]. Similar to our study, large variations in 
changes of muscle mass during systemic therapy 
have been found in other studies of NSCLC [10] and 
advanced pancreatic cancer [11,13]. In the study by 
Murphy et al, NSCLC patients lost 1.1 kg of skeletal 
muscle over the duration of chemotherapy, but the 
mean change in muscle mass ranged from a loss of 

6. 9 kg/100 days to a gain of  1.6 kg/100 days [10]. 
In both studies of advanced pancreatic cancer 
patients, muscle loss was predominant, but Tan et al. 
showed that 14% of the patients had a mean muscle 
gain of 7.9  14.4%/100 days [13], and in the study 
by Dalal et al., 34% of the patients gained muscle 
mass [11].

None of these studies did however investigate 
whether changes in muscle mass were associated 
with response to the systemic therapy. Nevertheless, 
a link between gain in muscle mass and stable disease 
has been proposed by Prado et al. [7]. They found 
that 15% of patient with advanced cancer gained 
muscle mass and nearly 50% remained stable over 
the clinical course of cancer disease. Patients with 
large gains in muscle mass had better response to 
treatment, ate well and had good symptom control, 
whereas those who lost muscle mass, had progressive 
disease and a short survival [7]. In our study, we 
found that almost all of those who maintained or 
increased muscle mass had stable disease or responded 
to the chemotherapy. Thus, it appears that the che-
motherapy might suppress the catabolic processes 
driving muscle breakdown in those who respond to 
the treatment – since no specific interventions aiming 
at preventing or reversing cachexia was administered 
(e.g. anti-inflammatory medication, nutritional sup-
port or physical exercise). It is noteworthy that our 
patients received a relatively short chemotherapy 
regimen.

It should be acknowledged that there are mul-
tiple causes of muscle loss in advanced cancer. In 
addition to the catabolic effects on the muscle 
caused by the underlying malignancy and cachexia, 
advanced cancer patients often have a reduced 
caloric intake and are physically inactive, which 

Figure 2. Change in skeletal muscle cross sectional area in patients 
according to response to treatment. (Includes Figure A, B and C). 
Individual changes in skeletal muscle cross sectional area (SMCA) 
from pre- to post-chemotherapy (Y-axis) according to response to 
treatment, measured in cm2. Negative values indicate loss in 
muscle mass. Black bars are SMCA Loss, Dotted gray bars are 
SMCA Stable and Light gray bars are SMCA Gain.

during the chemotherapy. Despite the absence of 
specific cachexia therapy (e.g. nutritional support, 
anti-inflammatory medication or physical exercise), 
46% of patients had a stable or increased muscle 
mass following chemotherapy. These patients also 
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 Change in muscle mass during palliative chemotherapy  7

adds to the muscle loss. In addition, nausea, vomit-
ing and loss of appetite are well-known side effects 
of chemotherapy that might negatively influence 
energy intake and activity levels and thus contribute 
to aggravate loss of muscle mass. These side effects 
are frequently reported among patients receiving the 
regimens administered in our study. There were no 
differences in grade 3–4 toxicity between those with 

stable/increased or those who lost muscle mass 
among our patients.

We are aware of three other studies in patients 
with advanced pancreatic cancer investigating whether 
change in muscle mass during the course of cancer 
treatment as a prognostic factor for survival [11–13]. 
Unlike our study, neither of these studies demon-
strated a statistically significant difference in survival 

Table III. Uni- and multivariate survival analysis.

n
n events 
(deaths)

Uni-variate analysis Multivariate analysis

Median 
survival 

(months) HR 95% CI p–value HR 95% CI p–value

Gender
Mena 18 13 7.9 1.4 0.6–2.9 0.422 1.0 0.4–2.3 0.909
Women 17 15 7.2

Performance status1

0a 4 3 8.5 1.8 0.5–6.3 0.347 2.5 0.3–19.5 0.398
1 31 25 7.5

Stage of cancer2

IIIBa 6 3 18.6 3.5 1.0–11.9 0.045 11.1 2.3–54.0 0.003
IV 29 25 7.4

Treatment regime
Gemcitabinea 22 17 9.2 1.6 0.8–3.5 0.203 4.2 1.2–14.4 0.023
Vinorelbin 13 11 7.0

Treatment response3

Disease controla 25 18 10.7 5.3 2.2–12.8  0.001 4.8 1.6–15.0 0.007
Progression 10 10 4.1

BMI
 25 kg/m2a 16 11 7.4 0.6 0.3–1.6 0.196 0.8 0.7–2.6 0.721
 25 kg/m2 19 17 8.5

WL 3 months pre-study
 5%a 21 16 7.5 0.7 0.4–1.7 0.534 0.4 0.2–1.1 0.084
 5% 14 12 7.9

C-reactive protein
 10 ml/ga 9 7 7.0 0.9 0.4–2.3 0.905 0.8 0.2–3.1 0.761
 10 ml/g 26 21 7.9

Albumin
 36 m/la 25 19 8.5 1.5 0.7–3.4 0.299 3.5 0.9–13.1 0.069
 36 m/l 10 9 7.2

Baseline sarcopenia4

Noa 9 6 7.9 1.4 0.6–3.4 0.492 2.1 0.5–9.2 0.330
Yes 26 22 7.5

SMCA change5

Stable or gaina 16 12 10.7 2.0 0.9–4.2 0.078 3.6 1.1–12.5 0.040
Loss 19 16 5.8

Global QoL6

High QoL (score 
 65)a

15 12 9.2 1.2 0.6–2.6 0.594 0.8 0.3–2.3 0.687

Low QoL 
(score  65)

20 16 6.7

Appetite loss6

No (score 0)a 20 14 10.7 2.4 1.1–5.1 0.025 2.5 0.8–7.7 0.115
Yes (score 1–3) 15 14 6.2

 aReference category. 1European Collaborative Oncology Group; 2TNM-classification; 3RECIST version 1.1; 
4Thresholds for sarcopenia were based on previously reported cut-off points for the skeletal muscle index, 
which was SMCA/body height2  38, 5 cm2/m2 for women and  52, 4 cm2/m2 for men; 5Change in SMCA 
from pre- to post chemotherapy; 6Items extracted from the European Organization for Research and 
Treatment of Cancer Core Quality of Life Questionnaire (EORTC QLQ C30).
BMI, body mass index; QoL, quality of life; SMCA, skeletal muscle cross sectional area; WL, weight loss.
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related to change in muscle mass, possibly due to 
small sample sizes. Another likely explanation could 
be that methods for assessing muscle mass in these 
studies were different from the methods we used. We 
used previously reported cut-off values in the assess-
ment of sarcopenia and for calculating longitudinal 
changes in muscle mass during chemotherapy. Still, 
the diversity of methods makes comparison between 
studies challenging and future studies should there-
fore address cut-offs for this outcome.

Our finding, that sarcopenia at baseline was not 
a significant prognostic factor for survival is not in 
line with previous studies conducted in larger cohorts 
of advanced cancer patients. The short expected sur-
vival of patients with advanced NSCLC and the high 
proportion of sarcopenic patients in our study 
(  70%) are possible explanations. An association 
between sarcopenia and chemotherapy toxicity has 
been observed previously [8]; the finding were how-
ever not replicated in our study cohort.

The main limitation of our study was the small 
sample size, limiting the power of the survival analy-
ses. However, the sample is, in our opinion, large 
enough to demonstrate that more knowledge is needed 
before the role of assessing muscle mass in advanced 
cancer patients can be established – as a prognostic 
factor as well as in research on classification and treat-
ment of cachexia. Another limitation is the use of cut-
off levels for the definition of sarcopenia – there might 
be differences in body composition between coun-
tries. In case, this might influence the survival analy-
ses, but not the analyses of changes in muscle mass.

Conclusion and suggestions for future 
research

In this exploratory study of patients with advanced 
NSCLC, we found large individual variations in 
changes in muscle mass during palliative chemother-
apy. We observed that many patients had an increase 
in muscle mass without receiving any additional 
cachexia therapy and that many of these patients were 
sarcopenic before starting chemotherapy. There was 
also a trend towards more gain in muscle mass among 
patients who had disease control following chemo-
therapy, suggesting that response to cancer treatment 
is essential for controlling or reversing cancer cachexia. 
The finding that change in SMCA was a significant 
prognostic factor for survival, suggest that response 
to cancer therapy and changes in SMCA, and not 
only muscle mass measured before starting chemo-
therapy, should be assessed in future studies on prog-
nosis of cancer cachexia. Furthermore, use of SMCA 
as an endpoint in studies of cancer cachexia should 
be used with caution and need careful consideration 

until more is known about changes in muscle mass 
in patients undergoing anti-cancer therapy.

Key message

Sarcopenia or loss of skeletal muscle mass has 
recently been proposed as a key clinical feature of 
cachexia. Assessment of skeletal muscle mass on CT 
images might be used to classify cachexia and to 
evaluate the effect of interventions aiming at control-
ling or reversing cachexia. However, little is known 
about the nature and magnitude of changes in mus-
cle mass in cancer patient during the course of their 
disease – or during cancer therapy. In our pilot study 
of patients with advanced non-small cell lung cancer, 
nearly 50% of the patients had stable or increased 
muscle mass during chemotherapy without receiving 
any cachexia treatment. Almost all of these patients 
responded to the chemotherapy – suggesting that 
tumour control is essential for successfully treating 
cachexia. Furthermore, change in muscle mass dur-
ing treatment and not sarcopenia presenting at base-
line, was a significant prognostic factor for survival. 
More studies about longitudinal changes in skeletal 
muscle mass in cancer patients – and the correlation 
with response to cancer therapy – are needed before 
the role of sarcopenia in advanced cancer and the 
value in cachexia research can be established.   
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Abstract

Cancer treatment and its side effects may cause muscle wasting. Physical exercise has the potential to increase muscle mass and strength
and to improve physical function in cancer patients undergoing treatment. A systematic review was conducted to study the effect of physical
exercise (aerobic, resistance or a combination of both) on muscle mass and strength in cancer patients with different type and stage of cancer
disease. Electronic searches were performed up to January 11th 2012, identifying 16 randomised controlled trials for final data synthesis.
The studies demonstrated that aerobic and resistance exercise improves upper and lower body muscle strength more than usual care. Few
studies have assessed the effect of exercise on muscle mass. Most studies were performed in patients with early stage breast or prostate cancer.
Evidence on the effect of physical exercise on muscle strength and mass in cancer patients with advanced disease is lacking. More exercise
studies in patients with advanced cancer and at risk of cancer cachexia are warranted.
© 2013 Elsevier Ireland Ltd. All rights reserved.

Keywords: Physical exercise; Cancer; Muscle mass; Muscle strength; Cachexia

1.  Introduction

Cancer patients are faced with a range of disease- and
treatment-related effects that might alter metabolism, food
intake and body composition and cause significant physi-
cal and psychosocial impairment. Physical exercise has in
general a positive impact on many biological processes such
as energy expenditure, insulin resistance, inflammation and
most body organs and tissues. In cancer patients, there is evi-
dence that physical exercise contributes to reduce fatigue [1],
improves quality of life [2,3] and relieves many of the adverse
side-effects experienced both during and after treatment [4,5].

Physical exercise is defined as an activity that is planned,
structured, repetitive and purposeful, with the aim to improve
or maintain one or more components of physical fitness,
i.e. endurance, muscular strength and body composition
[6]. According to national and international physical activ-
ity recommendations, 150 min of weekly moderate intensity
aerobic exercise, or alternatively 75 min of high-intensity
exercise, are required to promote and maintain health in
adults. Additionally, muscle-strengthening exercise is rec-
ommended to be performed twice weekly [7].

In principle, the same activity recommendations apply to
patients with cancer [8]. However, a range of factors beyond
those usually encountered when providing exercise advice in
healthy populations must be considered, especially in patients
who are undergoing cancer treatment or experience adverse
side-effects of treatment [9,10]. Physical exercise is con-
sidered to be well-tolerated, feasible and safe during and
following cancer treatment [5,11] and even cancer patients
with advanced stages of disease are willing to engage in phys-
ical exercise [12]. Thus, based on current knowledge, it is
considered clinically sound to advise most cancer patient to
perform physical exercise.

Cancer cachexia is “a multifactorial condition charac-
terised by an on-going loss of skeletal muscle mass (with
or without loss of fat mass) that cannot be fully reversed
by conventional nutritional support and leads to progressive
functional impairment” [13]. As much as 60–80% of patients

with advanced cancer, depending on diagnosis, develop this
condition and at present there are few efficient therapeutic
options [14]. Loss of muscle mass and strength is one of sev-
eral factors that is associated with involuntary weight loss in
cancer cachexia [15]. Physical exercise may be of particular
importance for cancer patients with advanced disease in a pre-
cachectic or cachectic stage because of its potential effects
on muscle mass and strength [16]. Experimental trials have
demonstrated possible anti-inflammatory effects of exercise
in cachectic mice [17] as well as partial rescue of muscle mass
and strength in tumour-bearing mice when exercise was com-
bined with eicosapentiaenoic acid [18]. Furthermore, a small
number of clinical studies have demonstrated the contribu-
tion of exercise to reduce or delay cachexia in patients with
chronic diseases other than cancer [19,20]. Previous reviews
on effects of physical exercise in patients with cachexia have
been narrative and not specific to cancer patients [21,22],
or have mainly discussed biological and pathophysiologi-
cal effects of exercise on cachexia-related muscle wasting
[23,24].

Primarily, our idea for a systematic review was to examine
the scientific evidence of effects of physical exercise on mus-
cle mass and strength in cancer patients in a pre-cachectic
or cachectic stage. Our first systematic search, per January
2012, did not identity controlled studies to answer this ques-
tion, and therefore we re-defined our aims to include a wider
group of cancer patients. We consider it appropriate to guide
further clinical studies in patients with advanced cancer by
extrapolating data from general cancer.

The overall aim of this systematic review was to evaluate
the scientific evidence of effect of physical exercise on mus-
cle mass and strength in patients with cancer. The following
research questions were formulated:

1. What type of physical exercise intervention, i.e. aerobic,
resistance or combined aerobic and resistance exercise, is
most effective at improving muscle mass and strength?

2. Is the effect on muscle mass and strength consistent
between different cancer patient cohorts with different
diagnoses and stage of disease?
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2.  Methods

2.1.  Search strategy  and  selection criteria

Electronic searches were performed on January 11th 2012
in PubMed (National Library of Medicine), Pedro (Cen-
tre for Evidence-Based Physiotherapy), Embase (Elsevier
through OvidSP, edition 1980–2012, week 1) and Cochrane
Central Registry of Controlled Trials (CENTRAL) through
the Cochrane Library (John Wiley and Sons Ltd.), edition
2011 October, issue 4 of 4. Additionally, the bibliographies
of included studies and relevant systematic reviews were
reviewed.

The searches consisted of combinations of controlled ter-
minology and free-text terms expressing the concepts; (1)
physical exercise, (2) cancer and (3) muscle mass and strength
(including terms such as cachexia, anorexia, malnutrition,
wasting, and asthenia), and were adapted to each database
(PubMed search details in Table 1).

To be eligible for inclusion, studies must have (1) a ran-
domised controlled trial design, (2) include patients aged 18
years or more with a confirmed cancer diagnosis and who
were about to start or undergoing active cancer treatment at
trial entry, (3) physical exercise had to be repetitive (more
than once), consist of aerobic1 or strength exercise2 or a
combination of both, and be delivered either as a single inter-
vention or as part of a multimodal approach and finally (4)
published in a peer reviewed journals and written in English
language.

2.2. Trial selection  and data extraction

All identified records were screened for duplicates and
irrelevant titles by the first author (GBS) and one of the co-
authors (IIR). Remaining abstracts were screened by two
reviewers (GBS, LMO) and subsequently full-text papers
were reviewed independently in pairs of reviewers (GBS,
LMO, TRB, JLH). In both instances, cases of disagreement
about eligibility between two reviewers warranted a third
reviewer’s opinion.

Eligible studies were then submitted to data extraction
using a custom made pre-piloted electronic form using a
Microsoft Office Excel 2010 software spread sheet. Data on
study design, participants, interventions, outcome measures,
results and conclusions were extracted independently by two
reviewers. Disagreements on final inclusion and exclusion
were resolved by consensus by two of the authors (GBS,
LMO).

1 The use of oxygen is adequate to meet energy demands during exercise
via aerobic metabolism, e.g. low or moderate intensity running, cycling, etc.

2 The use of resistance against gravity or elastic tension to muscular con-
traction in order to build the strength, anaerobic endurance and size of
muscles.

2.3. Assessment  of study limitations

All included studies were subject to an assessment of
study quality performed independently by two reviewers.
The assessment was based on the criteria for “risk of bias”
within the GRADE system for rating quality of evidence
[25]. These criteria are: randomisation procedures, allocation
concealment, blinding, power-estimation, loss to follow-up,
intention-to-treat analysis and selective end-point reporting.
Study limitations for each trial were summarised in a table
and described in the text.

2.4. Data  synthesis

In the included trials treatment effects for each of the
two or more groups are presented as differences in change
between the groups. In order to compare effects across stud-
ies and outcomes (muscle strength and muscle mass) effect
sizes were calculated according to Cohen’s method [26].
Standardised mean difference (SMD) was calculated based
on descriptive data (mean and standard deviation) at post-
intervention and sample sizes for each trial. The formula for
SMD is: mean values for experimental group minus mean
values for control group divided by the pooled3 standard
deviation [27]. The SMD and the 95% confidence inter-
vals are presented in the text. According to Cohen’s “rule
of thumb” a SMD of 0.2–0.5 is considered small to mod-
erate, 0.51–0.8 moderate to large and greater than 0.8 large
[26].

3. Results

3.1. Search results and selection of studies

The database searches retrieved 1321 records which were
reduced to 405 after removal of duplicates and exclusion of
irrelevant records by title. After screening of abstracts, 76
records were found to meet the inclusion criteria. Further-
more, nine records were identified by manual searches, giving
85 full text publications to be screened for eligibility. Out of
these, 67 papers did not meet the selection criteria and were
excluded. Thus, data extraction was performed on 18 papers.
Two of the papers were publications based on the same study
and were excluded [28,29], leaving 16 trials for final syn-
thesis. Fig. 1 shows the outcome of the search process and
selection of studies.

Ten trials compared one physical exercise regime against
usual care (UC). Of these, three trials used aerobic exercise
(AE) alone [30–32], while seven trials used AE and resistance
exercise (RE) in a combined intervention (CAE) [33–39].
Four trials compared AE or RE against UC [40,41,42,43].
One trial compared two different RE interventions (three

3 Pooled standard deviation is calculated using the formula: square root of
SD for experimental group2 + SD of control group2 divided by 2.
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Table 1
Search strategy in PubMed.

#8 #7 AND English [la]
#7 (#1 OR #2) AND #3 AND #4 NOT (#5 OR #6)
#6 Child[ti] OR children[ti] OR paediatric[ti] OR paediatric[ti] OR ((child[mesh] OR infant[mesh] OR adolescent[mesh]) NOT

adult[mesh])
#5 case reports[pt] OR case study[ti] OR case report[ti] OR comment[pt] OR letter[pt] OR news[pt]
#4 “Exercise”[Mesh] OR “Exercise Therapy”[Mesh] OR “Exercise Movement Techniques”[Mesh:noexp] OR exercise[tiab] OR

exercises[tiab] OR Gymnastics[mesh] OR gymnastics[tiab] OR “Hydrotherapy”[Mesh:noexp] OR hydrotherapy[tiab] OR
“physical activity”[tiab] OR pilates[tiab] OR “Swimming”[Mesh] OR swimming[tiab] OR training[tiab] OR Walking[mesh] OR
walking[tiab]

#3 Neoplasms [MeSH] OR cancer[tiab] OR “Palliative Care”[Mesh] OR palliative[tiab] OR palliation[tiab]
#2 (“Muscle Strength”[Mesh:noexp] OR “muscle strength”[tiab] OR “muscular strength”[tiab] OR “muscular endurance”[tiab] OR

“muscle mass” [tiab] OR “muscle function”[tiab] OR “muscle functions”[tiab] OR “Physical endurance” [tw] OR “muscle
capacity”[tiab] OR “muscle force”[tiab] OR ((muscle[tw] OR muscles[tw] OR muscular[tw]) AND (“body composition”[tw] OR
anabolic[tiab] OR strengthening[tiab]))) AND (“Quality of Life” [Mesh] OR “quality of life” [tiab] OR Fatigue[Mesh] OR
fatigue[tiab] OR catabolism[tiab] OR deterioration[tiab] OR deteriorated[tiab] OR depletion[tiab] OR decline[tiab] OR
reduced[tiab] OR reduction[tiab] OR reductions[tiab] OR loss[tiab] OR decrease[tiab] OR decreasing[tiab])

#1 Anorexia[mesh] OR anorexia[tiab] OR anorectic[tiab] OR Asthenia[mesh] OR asthenia[tiab] OR asthenic[tiab] OR cachexia[tiab]
OR cachectic[tiab] OR Emaciation[MeSH] OR emaciation[tiab] OR emaciated[tiab] OR Malnutrition [Mesh] OR
malnutrition[tiab] OR “muscle wasting”[tiab] OR “muscular wasting”[tiab] OR “Muscle Weakness”[Mesh] OR “muscle
weakness”[tiab] OR “muscular weakness”[tiab] OR “Muscular atrophy” [MeSH] OR “muscle atrophy” [tiab] OR “muscular
atrophy” [tiab] OR “Muscle, Skeletal/physiopathology”[Mesh:noexp] OR “Muscle, Skeletal/pathology”[Mesh:noexp] OR
“Muscle, Skeletal/physiology”[Mesh:noexp] OR Muscles/pathology[Mesh:noexp] OR Muscles/physiopathology[Mesh:noexp] OR
Muscles/physiology[Mesh:noexp] OR sarcopenia[tiab] OR “Wasting syndrome” [MeSH:noexp] OR “wasting syndrome” [tiab]

1321 records identified through 
database search

158 duplicates removed
758 irr elevant re cord s removed 

9 records i dentified b y
manua l search

405 abstracts screened for 
eligibility

85 full-text articles screened for 
eligibility

329 abstract excluded due to  stu dy 
design (1 70), p opulation (29), 
int ervention (67), o utcome (30) a nd 
type  of p ubli cation (33).

67 full-text articles 
excluded due to study 
design ( 16),  populat ion 
(36),  inter vention (4), 
outcome (7 ) a nd  oth er 
(4)

18 full-te xt  articles included in
data extracti on and quality 

assessment

2 articles excluded due to 
publication of same t rial

16 trials included in t he final 
synt hesis

Fig. 1. Flow chart over literature selection and reason for exclusion.

or five days per week) against usual care [44]. One trial
compared RE alone or RE together with a low fat veg-
etable diet (RE-LFVD) against UC. All groups in this
trial were on a calcium-rich diet [45]. Details of the con-
tent of the physical exercise programmes are provided in
Table 2.

3.2.  Study  limitations  (risk  of  bias)

The quality assessment of the included trials is provided
in Table 5.

Nine trials described methods used for random allocation.
Six trials used concealed allocation [34–37,40,43,44]. The
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majority of trials had small sample sizes; eight trials had
less than 50 participants [30–32,34–37,44]. Four trials were
feasibility trials [30,35,37,45].

Overall, the most frequent study limitation was lack
of blinding of assessors. In only two trials blinding was
applied [37,43]. Six trials had drop-out rates above >20%
[30,31,35,38,39,44]. In case of three of these trials, it was not
reported how missing data were dealt with [31,35,44]. Nine
of the trials reported data analysis by using intention-to-treat
principles [30,33,35–39,41,43].

The majority of trials described one primary outcome,
which was muscle mass or muscle strength in only two trials
[31,34].

3.3.  Outcome  measurements

Six trials used muscle mass as an outcome. Two trials
measured muscle mass as Lean body Mass (LBM) using a
Skinfold Calliper, in which one expressed LBM in percent-
age [34] and the other as arm muscle area (mm2) [44]. Two
trials measured LBM, expressed as kilograms, using Dual
X-ray Absorptiometry [40,45]. One trial measured LBM in
kilograms by using Air Displacement Plethysmography [35].
Finally, one trial measured skeletal muscle mass (kg) using
Bioelectrical Impedance Analysis [37].

Fourteen trials had muscle strength as an outcome. Estima-
tions of one repetition maximum (1RM) for upper and lower
body strength were most frequently used [33–36,40–43].
Chest press (involving major muscles of the chest, shoul-
ders and triceps), seated row (involving the Lattisimus Dorsi
and the Rhomboid muscles, predominantly) and leg extension
(involving all major leg muscle groups such as Quadriceps,
Hamstrings and Gluteus maximum), were most commonly
used. Maximum isometric strength was measured in four tri-
als [30,31,36,39], grip strength by dynamometry in two trials
[37,38], and a functional test to assess leg strength in one
trial [32]. Except for the functional strength test (sit-to-stand
measured in seconds), all trials reported muscle strength in
kilograms or Newton (1 kg equals 9.81 N).

3.4.  Effects on muscle  mass

Detailed results on muscle mass are presented in Table 3.
Two trials reported better effect on muscle mass for patients
randomised to CAE compared with UC. In Battaglini and
colleagues [34], the CAE group (exercise three days per week
for six weeks) had an increase in mean lean body mass (LBM)
compared to patients in the UC group (3.1% ↑  versus 0.2% ↓;
p = 0.004). In Coleman and colleagues [35], the CAE group
(exercise two days per week for eight weeks) had an increase
in mean LBM while the UC group lost LBM (0.4% ↑  versus
0.4% ↓; p < 0.01).

In a study by Courneya and colleagues [40], both AE
and RE groups exercised three days per week for 17 weeks.
Patients in the RE group demonstrated significantly better
effect on LBM than patients in the AE group (1.0 kg ↑

versus 0.5 kg ↑; p  = 0.004) and UC (1.0 kg ↑ versus 0.2 kg ↓;
p = 0.015). No statistically significant differences in change
in LBM between AE and UC were found.

No effects were reported in the trials by Cunningham and
colleagues [44], comparing two RE groups exercising three
or five days per week with UC, the study by Mustian and
colleagues [37] comparing a CAE group exercising seven
days a week for four weeks with UC, or in the trial by Demark-
Wahnefried and colleagues [45]. In the Denmark-Wahnefried
trial, patients were allocated either to RE five days a week
for 26 weeks, RE five days a week for 26 weeks + LFVD
or UC (no RE or LFVD). All three-study groups were on a
calcium-rich diet.

Effect sizes could be calculated for two studies using Dual
Energy X-ray Analysis (DEXA) as outcome measure for
muscle mass. In the study by Courneya and colleagues [40]
the post-treatment effect on muscle mass was better for RE
than UC however the effect was small (SMD = 0.22; CI −0.1
to 0.6). There was no additional effect of AE compared with
UC. In the study by Demark-Wahnefried et al. [45], effect on
muscle mass at post-treatment were better in the UC group
(no RE or LFVD) compared with both RE groups; RE only
(SMD = 0. 27; CI −2.9 to 2.2) and RE–LFVD (SMD = 0.36;
CI −2.8 to 2.3).

3.5. Effect on muscle  strength

Details on results on muscle strength are provided in
Table 4. Four trials reported statistically significant differ-
ences in change between groups on muscle strength for CAE
compared with usual care (UC): these studies included Jar-
den and colleagues [36] (five days per week for 4–6 weeks)
for 1RM chest press (2.6 kg ↑ versus 8.7 kg ↓; p < 0.001) and
1RM leg extension (3 kg ↑ versus 17.2 kg ↓; p = 0.0003);
Adamsen and colleagues (3 days per week for six weeks)
for chest press (7.3 kg ↑ versus 0.5 kg ↓; p  < 0.0001), pull
down (7.6 kg ↑ versus 0.8 kg ↑; p < 0.0001) and leg press
(31.6 kg ↑ versus 2.8 kg ↑); Battaglini and colleagues for
total upper and body muscle strength (2.4 kg ↑  versus 12.6 kg
↓; p < 0.05), and Oldervoll and colleagues for grip strength
(1.1 kg ↑ versus 1.3 kg ↓; p  < 0.05). No statistically signif-
icant group differences in change in muscle strength were
reported by Mustian and colleagues [37]; Coleman and col-
leagues [35] and Wiskemann and colleagues [39].

Three trials reported that RE was better than UC in
improving muscle strength. In Courneya and colleagues [40],
patients in the RE group exercised three days per week for 17
weeks (chest press: 3.3 kg ↑  versus 1.5 kg ↑; p < 0.001 and
leg press: 8.2 kg ↑  versus 1.4 kg ↑; p = 0.001). In a trial by
Segal and colleagues [43], patients in the RE group exercised
three days a week for 24 weeks (chest press: 10.9 kg ↑  versus
2.5 kg ↓; p < 0.001 and leg press 25.6 kg ↑  versus 0.4 kg ↑;
p < 0.001). In the two trials by Schwartz et al. [41,42], bet-
ter effects for RE than UC was only reported in the most
recent study [41] for 1RM overhead press (1.3 kg ↑ versus
0.9 kg ↓; p  < 0.05), seated row (31.7 kg ↑ versus 1.4 kg ↓;
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p < 0.05) and for leg extension (21.1 kg ↑ versus 1.8 kg ↑;
p < 0.05).

Better effects of AE than UC on muscle strength was
reported in five studies; Baumann and colleagues [30] for
mean isometric quadriceps muscle strength (10% ↓ versus
24% ↓; p = 0.002); Monga and colleagues [32] for time to
complete a five repetition sit to stand test (1.3 s ↓ versus
0.4 s ↑; p < 0.001); Segal and colleagues [43] for 8RM chest
press (1.3 kg ↑ versus 2.5 kg ↓; p  = 0.006); Schwartz and col-
leagues [42] for 1RM seated row (1.5 kg ↑  versus 0.1 kg ↓;
p = 0.02) and 1RM leg extension (14.6 kg ↑ versus 4.6 kg
↑; p = 0.001). A more recent trial by Schwartz and col-
leagues from 2009 [41] confirmed previous findings for 1RM
overhead press (4.2 kg ↑ versus 0.9 kg ↓; p < 0.05); 1RM
seated row (7.7 kg ↑  versus 1.4 kg ↓; p < 0.05) and 1RM leg
extension (33.6 kg ↑  versus 1.8 kg ↑; p < 0.05).). No statisti-
cally significant differences between AE and UC in change
in muscle strength were reported by Mello and colleagues
[31].

The effect sizes calculated for seven trials with comparable
outcomes for upper and lower body muscle strength are illus-
trated in Fig. 2. For AE, moderate to large effect sizes were
found in the two trials by Schwartz and colleagues [41,42]
for overhead press (SMD 0.7; CI −0.8 to 12.2 and SMD 0.5;
CI 0.0–1.0); seated row (SMD 0.8; CI 0.3–1.5 and SMD 0.8;
CI 0.3–1.3) and leg extension (SMD 0.3; CI −0.3 to 8.8 and
SMD 1.0; CI 0.6–1.6). Equally, in the same two trials, effect
sizes in favour of RE compared to UC were large for seated
row (SMD 0.8; CI 0.3–1.8 and 0.9; CI = 0.4 to 0.8) and leg
extension (SMD 0.8; CI 0.3–1.2 in Schwartz and Winters-
Stone [41] only) but small for overhead press (SMD 0.2; CI
−0.4 to 0.8 and 0.2; CI −0.3 to 0.7) leg extension in Schwartz
and colleagues [42] (SMD 0.2; CI −0.4 to 0.8).

Effect sizes in favour of AE compared to UC were small
in two trials by Courneya and colleagues [40] and Segal and
colleagues [43] for the outcomes chest press (SMD 0.0; CI
−0.3 to 0.3 and SMD 0.2; CI −0.3 to 0.6) and leg extension
(SMD 0.1; CI −0.3 to 0.4 and 0.2; CI −0.3 to 0.6). In com-
parison, effect sizes were moderate to large in the trials by
Courneya and Segal when comparing RE with UC for chest
press (SMD 0.8; CI 0.5–1.1 and SMD 0.6; CI 0.1–1.0) and
for leg extension (SMD 0.4; CI 0.1–0.7 and SMD 0.3; CI
0.1–0.8).

Effect sizes were moderate to small both for upper and
lower body strength in favour of CAE compared with UC in
three trials [33,36,39]. Effect sizes were largest in the study by
Jarden and colleagues [36] for both leg extension (SMD 1.7;
CI −3.5 to 6.9) and chest press (0.8; CI −5.5 to 7.1). More
moderate effects were found by Adamsen and colleagues [33]
for leg extension (0.5; CI 0.3–0.8) and chest press (0.3; CI
0.1–0.6) and by Wiskemann and colleagues [39] for isometric
strength in upper body (SMD 0.2; CI −0.3 to 0.6) and lower
body (SMD 0.3; CI −0.1 to 0.8).

For grip strength (not illustrated in Fig. 2) effect sizes were
small in favour of CAE versus UC (SMD = 0.23; CI −0.5 to
0.1) [38].
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Fig. 2. Effect sizes for muscle strength, measured in kilograms, for physical exercise including (a) combined aerobic and strength exercise, (b) aerobic exercise
alone and (c) strength exercise alone. The bars illustrate the standardised mean difference (dots) and the upper and lower 95% confidence intervals for each
outcome (upper body and lower body strength measured as kilograms) in the presented studies (n = 7)*. Effect sizes above zero represent the magnitude of the
effect in favour of physical exercise compared to treatment as usual. Effect sizes < 0.2 are interpreted as small; 0.2–0.5 small to moderate; 0.51–0.8 moderate
to large; >0.8 large. *Out of 12 studies measuring muscle strength, 7 studies using repetition maximum or isometric testing is reported in figure. 4 studies
measuring muscle strength as a sum score for whole body, grip strength and functional sit to stand test, is not presented in the figure. One study did not provide
calculable data for muscle strength.

3.6.  Comparing  effects  across patient  cohorts

The majority of trials were performed on stage I–III
breast cancer patients undergoing adjuvant chemotherapy
and prostate cancer patients receiving radiation ther-
apy. A few trials included some other cancer diagnoses,
such as bowel or colon cancer [32–34,37,40–43,45].
Six trials included patients with various haematological
malignancies, mainly acute or chronic leukaemia or lym-
phomas, undergoing hematopoietic stem cell transplants
(HSCT) [30,36,39,44]. Only one trial included patients
with advanced stage IV cancer undergoing palliative can-
cer treatment. These patients were diagnosed with tumours
in the gastro-intestinal tract, breast, lung or bladder
[38].

Muscle mass was reported in only six trials, and except
for two trials involving HSCT patients [35,44], these were
conducted on patients with breast cancer or prostate can-
cer [34,37,40,45]. Overall, the tendency in these six trials
was that the experimental groups (either AE, RE or CAE)
maintained or modestly improved muscle mass from pre to
post-test while the UC reduced muscle mass.

For muscle strength outcomes, moderate to large effects
were demonstrated in the trials on breast and prostate
cancer patients [33,34,40–43] and in trials on HSCT
patients [30,35,36,39] but not in patients with advanced
stage IV cancer [38], where effects on grip strength were
small.

4. Discussion

4.1. Summary of results

In this systematic review of 16 trials with cancer patients
during active treatment, both aerobic and resistance exer-
cise, and a combination of these, improves upper and lower
body muscle strength more than usual care. Muscle mass
was reported in only six trials and shows a tendency towards
an effect of physical exercise on maintaining muscle mass
during treatment. There are some indications that resistance
exercise (RE) is more effective than aerobic exercise (AE)
both on muscle mass and strength, though the evidence is not
very strong. Large effects on muscle strength were demon-
strated across different patient cohorts. However, most trials
involved patients with early stage cancer while only one trial
was on patients with advanced cancer.

4.2. Effects  of physical  exercise

This review shows a possible effect of physical exercise on
muscle mass during cancer treatment, as three trials reported
significantly better effects of physical exercise compared to
usual care [34,35,40]. The findings are in line with a sys-
tematic review and a meta-analysis by Speck et al. [5] based
on five trials reporting muscle mass as outcome. This review
concluded with small effects sizes in favour of different phys-
ical activity interventions compared with usual care in cancer
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survivors. One of the trials by Demark-Wahnefried et al. [45]
included in the present review reported negative findings for
resistance training and low fat diet on LBM compared to usual
care. The negative result can likely be explained by a higher
non-adherence rate in the experimental groups. In summary,
because of few exercise trials using muscle mass as outcome,
most of them having methodological shortcomings, there is
still too little evidence to draw a firm conclusion on the effect
of physical exercise on muscle mass for patients undergoing
cancer treatment.

The present review of 14 trials using muscle strength as
outcome, demonstrated a positive effect of physical exercise
compared to usual care. These findings are also in line with
Speck and colleagues [5] who, based on eight trials, con-
cluded with small to moderate effect of physical exercise on
muscle strength.

From the review, as compared to UC, we found positive
effects of exercise on muscle strength in favour of AE in five
trials [30,32,41–43]; RE in three trials [40,41,43] and CAE
in four trials [33,34,36,38]. Only two trials compared effects
of AE and RE, and both reported significantly better effect
of RE on change in muscle strength [40,43]. Furthermore,
the study by Courneya and colleagues from 2007 [40] also
found a significant effect in favour of RE compared to AE on
muscle mass. Although the evidence is not very strong, the
result could support the use of RE in future clinical trials.

4.3. Populations

The majority of trials in the present review included
breast or prostate cancer patients. Only three trials included
patient groups with other types of solid tumours, such as
gastro-intestinal, bowel or lung cancer [33,38,42]. Possible
explanations for this are that recruitment into exercise trials
in very sick patients is challenging due to a high disease and
symptom burden, side-effect of treatment, and gate-keeping
from health personnel [46].

This review found six trials conducted in patients with
haematological malignances undergoing hematopoietic stem
cell transplant (HSCT) and high dose chemotherapy, and only
one trial [38] conducted in cancer patients with advanced
disease. Muscle wasting is a common symptom, reported
in more than 60% of patients with advanced cancer [14]
and patients with haematological malignancies undergoing
stem cell transplants [47]. For both groups there is a need
for treatment strategies that contribute to reduce side-effect
of treatment, maintain muscle mass and strength in order to
maintain quality of life, and prolong survival. Future exercise
trials are therefore needed in cancer populations at high risk
for developing cachexia.

Even if the search criteria were set to detect papers with
patients prone to cachexia, the present review only identi-
fied one trial with advanced cancer patients. In this study,
patients with advanced incurable cancer were randomised to
eight weeks of CAE performed twice weekly in a supervised
hospital setting, or to usual care. The increased grip strength

in the CAE relative to UC supports previous uncontrolled
trials in advanced cancer [48,49] on efficacy of exercise on
muscle strength also in this population. In conclusion, the
findings from our review support the effect of exercise on
muscle strength in cancer patient undergoing curative treat-
ment. The evidence is however sparse with regards to the
effects in patients with advanced cancer.

4.4. Methodological quality  of the  included  trials

Conclusions that can be drawn from any literature review
are based on the quality of the trials included. Thus, iden-
tifying possible biases in the conducted trials are essential
[25]. The included trials in the present review had some
shortcomings: first, the trials varied considerably in terms
of sample size. Eight trials had less than 50 participants
[31,32,34–37,42,44], and only one of performed a sample
size estimation [36]. Second, nine trials lacked or did not
report use of concealed allocation [30–33,38,39,41,42,45].
Third, in most trials, the assessment and interventions was
performed by the same persons.

4.5. Outcomes

Previous reviews on effects of physical exercise in patients
with cachexia have been narrative and not been specific to
cancer patients [21,22] or have mainly discussed biological
and pathophysiological aspects of exercise on cachexia-
related muscle wasting [23,24]. Existing systematic reviews
and meta-analyses on the effects of physical exercise in can-
cer patients have evaluated multiple end-points both during
and after anti-cancer treatment [5,50], and many have pri-
marily focused on specific outcomes such as fatigue [1]
and quality of life [3]. At present, no systematic review has
primarily been designed to examine the effect of physical
exercise on muscle mass and strength in cancer patients dur-
ing active treatment. Considering that depletion of muscle
mass is associated with more toxic side-effects, poor response
of cancer treatment and short survival in advanced cancer
populations, muscle mass as outcome should be of clini-
cal interest. Furthermore, preventing loss of muscle mass
and function during active cancer treatment may contribute
to maintaining activities of daily living. In advanced can-
cer patients, reduction in daily physical activity is linked
to impaired quality of life [51]. Further trials are needed to
assess the effect of exercise on muscle mass and secondary
on quality of life in these patients.

The scarcity of data on muscle mass is not exclusive to
the trials relevant in this review. As shown in the systematic
review by Blum and colleagues, the impact of cachexia on
muscle mass, strength and physical function in general is not
widely assessed [15].

Several factors are to be considered when using muscle
mass as endpoint. Objective measurements of skeletal muscle
mass require expensive equipment and experienced personnel
that might not always be a feasible option in a clinical research
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setting. In addition, the type and dose of exercise required
to gain muscle mass remains unclear, making it difficult to
interpret what are clinically relevant changes in muscle mass
following exercise interventions. Further trials should also
assess whether muscle strength can be used as a surrogate
outcome for muscle mass in clinical trials in advanced cancer
patients.

4.6. Study  limitations

The search strategy in this systematic review was pre-
defined and designed by a trained research librarian and
performed in multiple biomedical and therapeutic databases
in order to reduce publication bias. A large group of differ-
ent search terms were used to represent muscle outcomes as
well as cachexia however it was acknowledged that search
terms for outcomes are not always represented in abstracts
of indexing terms (i.e. Mesh). To account for this, additional
manual searches were performed by the first author (GBS) in
bibliographies of the 85 full-text articles.

Although we searched for trials of relevance for patients
with cachexia, only one RCT conducted in patients with
advanced stage cancer was detected. As only RCT’s were
included, two uncontrolled trials performed in patients with
advanced lung cancer [48,49] were not described in our
results. These trials showed improvement in muscle strength
after eight weeks of CAE but none of these studies used mus-
cle mass as outcome. Furthermore, an observational study of
a multimodal rehabilitation intervention (nutrition, exercise
and symptom management) involving cancer patients with
advanced disease and significant anorexia/weight loss, was
identified but not included [52]. After two months of interven-
tion, patients who were still in the study increased their body
weight and physical function, and reduced their symptom
burden. This is the only study identified through the litera-
ture search that provides data concerning physical exercise
in cancer cachexia. However, a few study protocols of ongo-
ing trials were identified [53,54]; suggesting that the research
focus in this field will increase in the time to come.

4.7. Conclusion  and future directions

This systematic review provides evidence that both aer-
obic and resistance exercise or a combination of these, can
contribute to improve muscle strength more than usual care
in cancer patients during treatment. Whether these differ-
ent types of exercise have specific effects remains unclear.
Improvements in muscle mass were demonstrated in favour
of resistance exercise; however the evidence was not strong.
Few trials measured muscle mass and besides one large trial;
the studies included a small number of patients. Although
effects were similar across different patients cohorts included
in this review, there was a predominance of trials conducted in
patients with early stage cancer, and conclusions cannot be
drawn with regard to advanced cancer populations. Future
research in this field should include studies of effects of

physical exercise on muscle mass in patients with advanced
cancer and at risk of cancer cachexia.
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