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LEARNING OBJECTIVES

After completing this course, the reader will be able to:

1. Describe the impact of physical exercise on fatigue and physical performance outcomes in cancer patients with
advanced and incurable disease.

2. Identify potential clinical benefits of inclusion of physical exercise in treatment regimens for cancer patients with
advanced disease.

This article is available for continuing medical education credit at CME.TheOncologist.com.CMECME

ABSTRACT

Background. Physical exercise can improve cancer pa-
tients’ functioning and reduce their symptom levels. A ran-

domized, controlled trial was launched to test the
hypothesis that physical exercise reduces fatigue and im-
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proves physical performance in cancer patients with ad-
vanced and incurable disease.

Methods. Cancer patients (n � 231) with a life expec-
tancy <2 years were randomized to a physical exercise
group (PEG, n � 121) or a control usual care group
(UCG, n � 110). The PEG exercised under supervision
60 minutes twice a week for 8 weeks. Assessments were
performed before and after the intervention. The pri-
mary outcome was physical fatigue (PF) measured by
the Fatigue Questionnaire. Physical performance was a
secondary outcome measured by the Shuttle Walk Test
(SWT) and hand grip strength (HGS) test. Analyses
were performed after multiple imputations for missing
data. The trial is registered with ClinicalTrials.gov

(identifier, NCT00397774).
Findings. Thirty-six percent of the PEG were lost to fol-

low-up compared with 23% of the UCG, primarily as a re-
sult of disease progression. Seventy-eight PEG and 85 UCG
patients completed the intervention. Analyses showed no
significant between-group effects in PF. However, clini-
cally and statistically significant between-group effects
were found for the SWT and HGS test.

Interpretation. Fatigue was not reduced but physical per-
formance (SWT and HGS test) was significantly improved
after 8 weeks of physical exercise. Physical exercise might
therefore be a suitable approach for maintaining physical
capacity in cancer patients with incurable and advanced
disease. The Oncologist 2011;16:1649–1657

INTRODUCTION
Pain, frailty, fatigue, weight loss, and reduced physical func-
tion are common among cancer patients with advanced and in-
curable disease and negatively impact their quality of life
(QoL) [1, 2]. Symptom control and maintaining or improving
functions are therefore central goals for the treatment of these
patients [3].

Systematic reviews and meta-analyses have demon-
strated that physical exercise reduces fatigue and improves
physical functioning and QoL in cancer patients in general
[4 – 8]. However, the majority of studies were performed in
breast cancer survivors, and a 2010 review pointed to a lack
of studies on the effects of physical exercise as palliation
[9].

In the palliative phase, cancer often has catabolic effects on
muscles that may contribute to the development of cancer ca-
chexia with subsequent consequences for physical strength
and endurance [10]. Disease-modifying or symptom-relieving
treatments might induce fatigue or sedation, leading to physi-
cal inactivity and thereby reducing physical functioning and
capacity. Loss of mobility may reduce independence in daily
life and can lead to hospitalization, thereby further reducing
patient autonomy and QoL [11–13]. Theoretically, interven-
tions that enhance physical activity and decelerate the reduc-
tion in physical performance might therefore be relevant parts
of palliative care programs.

However, a recent systematic review concluded that there
is insufficient evidence to support the introduction of physical
exercise and activity into routine palliative care practice at
present [14]. Six studies were identified, with significant het-
erogeneity in terms of design, patient characteristics, type of
physical exercise, and outcomes [14]. Only one study had a
randomized, controlled design and three were case reports.
The findings indicated that physical exercise can improve
QoL, well-being, physical functioning, and fatigue in cancer
patients with incurable and advanced disease. Methodologi-
cally rigorous studies with larger samples and appropriate
comparison groups were therefore asked for [14].

There is, at present, no commonly agreed-upon definition
of what constitutes the palliative phase of a cancer disease tra-
jectory except that the disease is incurable. An increasing num-

ber of patients with incurable disease now receive life-
prolonging treatment, challenging the common assumption of
the palliative phase succeeding a phase of life-prolonging
treatment. Additionally, many of these patients also receive
palliative treatment for symptoms such as pain. The palliative
care population, therefore, becomes heterogeneous, and inter-
ventions of long duration are exposed to the effects of unfore-
seen disease progression. With this background, we first
piloted a physical exercise intervention for cancer patients
with advanced and incurable disease focusing on feasibility
and potential effects [15–17]. We found that patients with a life
expectancy �1 year were willing and able to attend a physical
exercise program [15]. Fatigue decreased while well-being and
physical performance improved after 6 weeks of physical ex-
ercise [16].

In the present randomized, controlled trial (RCT) on the ef-
fects of a physical exercise program administered to patients
with advanced and incurable cancer, the intervention group
was allocated to an 8-week physical exercise program and the
control group was allocated to care as usual. In designing the
exercise program, one key factor was to introduce a program
transferable to ordinary clinical practice. It was hypothesized
that the exercise program would reduce fatigue and improve
physical performance.

PATIENTS AND METHODS

Settings and Participants
This study was performed as a Norwegian multicenter study
between October 2006 and May 2009. Two hundred thirty-one
cancer patients were recruited from day care palliative care
units (PCUs) and from outpatient oncological units/depart-
ments at local/regional hospitals (OUs). Generally, patients are
referred to PCUs because of symptom burden and/or psycho-
social needs. PCUs have access to palliative multidisciplinary
teams. Those recruited from the outpatient OUs attended these
for routine follow-up care. The patients were recruited at the
following sites: St. Olavs University Hospital (n � 86) (from
OUs and PCUs), Hospice Lovisenberg (n � 58) (from PCUs),
Oslo University Hospital (n � 42) (from PCUs and OUs),
Telemark Hospital (n � 20) (from PCUs and OUs), Sunniva
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Clinic for Palliative Care (n � 19) (from PCUs), and Hauke-
land University Hospital (n � 6) (from OUs).

The patients were eligible for inclusion if they had incur-
able and metastatic cancer (either locoregional or distant me-
tastases), a life expectancy of 3 months to 2 years, a Karnofsky
performance status (KPS) score �60, adequate pain relief
(pain intensity �3 on a 0–10 numerical rating scale), the abil-
ity to walk, and unimpaired cognitive function.

Design and Procedures
This was a prospective, two-armed RCT (Fig. 1). Eligible pa-
tients were identified by their attending physician, physiother-
apist, or nurse, and hence the patients must be considered a
sample of convenience. At St. Olavs Hospital, the medical
journals of all patients attending the outpatient clinic were
screened manually to identify patients who met the inclusion
criteria. At the other centers, the health personal recruited pa-
tients they judged to meet the inclusion criteria based upon
their clinical evaluation. The patient’s physician for each treat-
ment then received a written request as to whether or not the
patient met the inclusion criteria.

Randomization
The participants were stratified by age (�65 years or �65
years), gender, place of inclusion, and KPS score (�80 or
�80) and were randomly (block randomization) assigned to a
usual care group (UCG) or to a physical exercise group (PEG).

Physical Exercise Intervention
The exercise group had two exercise sessions per week over an
8-week period. The exercises were performed in groups of two
to eight patients supervised by a physiotherapist. Each session
lasted 50–60 minutes and included a warm-up (10–15 min-
utes), circuit training with six stations (30 minutes), and

stretching/relaxation (10–15 minutes). The exercise program
was tailored to the individual patient’s level of physical func-
tioning. The content was feasible and relevant for the popula-
tion according to the findings in the pilot study and is described
in detail in two earlier publications [15, 16].

Warm-Up Session
The warm-up session lasted for 10 –15 minutes and was
aerobic exercise using large muscle groups in an upright or sit-
ting position; alternatively, stationary bicycling was per-
formed.

Circuit Training
At each of the six circuit stations, exercise was performed for 2
minutes, with a 1-minute interval in which the patients moved
to the next station, continuing for 30 minutes in total. Music
was used as a time indicator. The main focus for the exercises
was on lower and upper limb muscle strength, standing bal-
ance, and aerobic endurance. Each station had a core series of
exercises, with the possibility for adjustments according to the
individual patient’s physical function. The six stations in the
circuit program were as follows. Station 1: Strengthening of
the lower limb: step up and down on a step. Station 2: Balance:
stand on either a trampoline or a thick mat, first maintain bal-
ance, then as a progression weight transfer. Station 3: Strength-
ening of the upper limb: use a pulley or elastic resistance band
and pull down. Station 4: General functioning: start in the
standing position, descend to the floor, lie on back, then roll
from side to side, and stand up again. For patients who were
able to, abdominal and back exercises were included. Station
5: Strengthening of the lower limb: sit on a bench/chair, stand
up, and sit down. Station 6: Aerobic endurance: stationary bi-
cycling or treadmill walking.

Eligible patients 
approached
(n = 400)

Refused to participate
(n = 169)

Agreed to participate and 
randomized (n = 231) 

eraclausUesicrexelacisyhP
)011=n()121=n(

Lost to follow-up 
during the 

intervention period 
(n = 43) 

Lost to follow-up 
during the 

intervention period 
(n = 25) 

Completed the 
intervention 

period (n = 78) 

Completed the 
intervention 

period (n = 85) 

Figure 1. Patient flowchart showing numbers of patients eligible, refused to participate, recruited, randomized, lost to follow-up, and
completed.

1651Oldervoll, Loge, Lydersen et al.

www.TheOncologist.com



Stretching and Relaxation
The last part of the program included stretching of the muscles
used during the circuit training and 5 minutes of relaxation to
calm music.

The patients were encouraged to be physically active in
their everyday life, but were not given any specific exercises to
do at home.

Assessments
Pre- and postintervention assessments were performed at base-
line and immediately after the intervention period. Demo-
graphic data were collected by patient self-report and medical
data were collected from medical records. The patient’s body
weight was measured and height was self-reported. Adherence
was registered by the physiotherapists supervising the exercise
sessions.

Patient-Reported Outcomes
Fatigue was assessed by the Fatigue Questionnaire (FQ) [18].
The FQ measures physical fatigue (PF), mental fatigue (MF)
(four items), and total fatigue (TF). Each item has four re-
sponse alternatives. Higher scores imply more fatigue. The FQ
was originally validated in primary care and has been shown to
have good face and discriminant validity and good and stable
psychometric properties across populations [18, 19]. No spe-
cific validation study has been performed in cancer patients,
but the instrument has been recommended for use in cancer pa-
tients [20]. It has been used in different cancer populations and
has demonstrated stable and acceptable psychometric proper-
ties similar to reports from noncancer populations.

Physical activity prior to the intervention was assessed by
one question asking about physical activity during leisure time
over the past year. Two levels of physical activity were speci-
fied: (a) a low level of activity (not sweaty and breathlessness)
and (b) a high level of activity (sweating and breathlessness).
Each level had three response alternatives: (a) none, (b) �1
hour/week, and (c) 1–2 or 3 hours/week. This item is identical
to the one used in the North-Trøndelag health study in Norway
(http://www.hunt.ntnu.no). This item has been validated and
has been demonstrated to have good test–retest reliability. It is
therefore judged as a useful measure of leisure-time physical
activity and well suited for use in epidemiological studies [21].

Motivation was measured on a 0–10 numerical rating scale
(10, maximal motivation). This question was designed spe-
cially for this study and has not been formally tested for its
measurement capabilities.

Physical Performance Tests
The following four tests were employed to measure physical
performance. (a) Sit to stand—an indirect measure of strength
in the lower limbs. The test measures how many times the pa-
tient manages to stand up and sit down from a chair in 30 sec-
onds [22]. (b) Grip strength—a valid indicator of general
health status, which was measured using a Jamar grip dyna-
mometer [23]. (c) Maximal step length—an assessment of bal-
ance. The patient was asked to step out as far as possible with
one leg in a forward direction while maintaining the stance leg

in the initial position, then return to the initial stance position
[24]. (d) The Shuttle Walk Test (SWT)—an indirect measure
of functional capacity. The SWT is a performance-based, ex-
ternally paced, progressive walk test and measures how far and
how fast the patient is able to walk [25, 26].

Statistical Analyses
The primary endpoint was PF as measured by the FQ. This was
chosen based on the results of the pilot study. A two-point dif-
ference (10% of the maximum score) was considered clinically
significant according to Osoba et al. [27]. Seventy-seven par-
ticipants per group with 80% power were needed to detect a
two-point difference in the PF score (standard deviation, 4.4)
with a significance level of .05 (two sided).

The effects of the intervention on each endpoint variable
were analyzed using analysis of covariance, that is, linear re-
gression analysis with the post-treatment value as the depen-
dent variable and the intervention and baseline values as
covariates. Normal distributions of the residuals were con-
firmed by visual inspection of Q-Q plots.

Time to survival was measured to control for a possible dif-
ference between groups. Survival was compared using the Ka-
plan–Meier estimator and the log-rank test. Survival was
analyzed in separate analyses for all patients, for patients lost
to follow-up, and for completers. The effect of treatment on
survival was analyzed by Cox proportional hazards regression
with intervention as a covariate, without and with adjustment
for age, gender, and KPS score. Estimates, 95% confidence in-
tervals (CIs), and two-sided p-values are reported when appro-
priate.

First, all analyses were done by analyzing only the com-
plete cases (CC analysis). After an analysis for patterns of
dropouts, we found a significantly higher dropout rate in the
PEG than in the UCG. Hence, data were clearly not missing
completely at random (MCAR). Multiple imputation (MI) pro-
duces unbiased results provided that data are missing at ran-
dom (MAR), which is a weaker assumption than MCAR. If
data are not MAR, MI generally produces less biased results
than CC analysis [28, 29]. Therefore, MI was used for the main
analyses. All variables used in the analyses were included in
the imputation procedure. The statistician was not blinded to
group status.

MIs were performed using imputation by chained equa-
tions implemented in Stata with m � 1,000 imputations. Monte
Carlo error computations were used to ensure that the number
of imputations was sufficient. The imputation model included
all variables to be used in the analyses, as well as age, KPS
score, and the number of completed exercise sessions. Sta-
tistical analyses were performed using SPSS statistical soft-
ware, version 15.0 (SPSS Inc., Chicago, IL) and Stata 10.1
(StataCorp LP, College Station, TX).

Ethical Considerations
The study was conducted according to the guidelines of the
Helsinki Declaration. Data were stored according to regula-
tions set forth by the Norwegian Social Science Data Services.
The study was approved by the Regional Committee for Med-
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Table 1. Demographic and medical profiles for the included patients

Characteristic

Physical exercise group (n � 121) Usual care group (n � 110)

n % n %

Demographic profile

Gender

Female 81 66.9 63 57.3

Male 40 33.1 47 42.7

Age, yrs

Mean (SD) 62.6 (11.3) 62.2 (10.7)

Range 30–86 24–86

Marital status

Married/cohabitant 79 65.3 62 56.4

Divorced 15 12.4 20 18.2

Single 13 10.7 11 10.0

Widowed 13 10.7 13 11.8

Missing 1 .8 4 3.6

Educational level

�10 yrs 36 29.8 22 20

�11 yrs 42 34.7 44 39.0

University 39 32.2 40 36.3

Missing 5 3.3 5 4.5

Smoking status

Smoker 24 19.8 18 16.4

Missing 9 7.4 8 7.3

Physical activity

Low level (�1 hour/wk) 70 57.9 62 56.4

High level (1–2 or 3 hours/wk) 30 24.8 32 29.1

Medical profile

Weight, kg

Mean (SD) 70.4 (15.8) 72.2 (16.7)

Range 41.4–107 42.5–122.4

Karnofsky performance status score: Mean (SD) 77.8 (10.3) 80.9 (11.4)

�80 75 76

�70 46 34

Cancer diagnosis

Gastrointestinal 41 33.9 32 29.1

Breast 23 19.0 28 25.5

Lung 21 17.4 17 15.5

Urological 16 13.2 14 12.7

Gynecological 8 6.6 4 3.6

Hematological 2 1.7 5 4.5

Other 10 8.3 10 9.1

Distant metastases

Yes 114 94.2 104 94.5

Ongoing cancer therapy

Chemotherapy 65 53.7 61 55.5

Radiotherapy 9 7.4 4 3.6

Hormonal therapy 21 17.4 23 20.9

Targeted therapy 5 4.1 4 3.6

Comorbidities

Heart disease 25 20.7 17 15.5

Lung disease 11 9.1 6 5.5

Diabetes 6 5.0 3 2.7

Other chronic diseases 28 23.1 25 22.7

Abbreviation: SD, standard deviation.
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ical and Health Research Ethics, Central Norway. Written in-
formed consent was obtained from all participants.

RESULTS
The study flow is presented in Figure 1. In total, 400 patients
of convenience were invited to participate between October
2006 and May 2009. In total, 231 agreed to participate and
were enrolled and randomized to the PEG (n � 121) or the
UCG (n � 110). The numbers of participants in the two
groups were unequal as a result of the block randomization.
No significant differences were found in terms of gender,
age, and KPS score between those who agreed to participate
and those who did not. At baseline, the groups were well
balanced with respect to demographics, level of physical ac-
tivity over the past year, and medical characteristics such as
diagnosis, ongoing chemotherapy and radiation treatment,
and comorbidities (Table 1).

Completion of Intervention
Seventy-eight patients from the PEG and 85 patients from the
UCG completed the study. The proportion of patients lost to
follow-up was higher in the PEG (35.5%) than in the UCG
(22.7%) (p � .034). Reasons for withdrawal are presented in
Table 2.

All patients lost to follow-up (n � 68), regardless of group,
had significantly lower KPS scores (mean, 75 versus 81; p �
.001), lower mean scores on all performance tests (SWT, 287 m
versus 393 m: sit-to-stand, 10 times versus 12 times per 30 sec-
onds; grip strength, 25.2 kg versus 28.7 kg; maximal stepping,
83.3 cm versus 90.8 cm) (all p � . 01) and lower motivation (7.3
versus 7.9; p � .06) at baseline than those completing the inter-
vention and the final assessment.

The KPS score (mean, 75), age (mean, 64 years), and phys-
ical performance did not differ for those not completing the fi-
nal assessment between the two groups (PEG versus UCG).
Dropouts in the PEG tended to report lower levels of TF (dif-
ference, 2.6 points; p � .14) than dropouts in the UCG.

The median survival times for all included patients were 11.1
months (95% CI, 8.1–14.0 months) in the PEG and 12.3 months
(95% CI, 8.0–16.5 months) in the UCG (p � 0.18). The median
survival times for the dropouts in the PEG and the UCG did not
differ significantly—PEG, 6.2 months (95% CI, 3.3–9.2 months);

UCG, 5.1 months (95% CI, 3.1–7.1 months) (p � 0.63). Among
the patients who successfully completed the intervention, the me-
dian survival times were: PEG, 16.3 months (95% CI, 12.6–19.9
months); UCG, 17.1 months (95% CI, 9.7–24.5 months) (p �
.39).

The unadjusted hazard ratio for survival (PEG versus
UCG) was 1.24 (95% CI, 0.90–1.70; p � .18). After adjust-
ment for age, gender, and KPS score, the hazard ratio was 1.19
(95% CI, 0.86–1.63; p � .30). In the adjusted model, only the
KPS score was a significant predictor, with a hazard ratio per
10 points in KPS score of 0.77 (95% CI, 0.66–0.90; p � .001).

Effects on Fatigue and Physical Performance
After MI for missing data, the regression analysis showed no
significant between-groups effect in PF (estimated mean dif-
ference [EMD], �0.3; 95% CI, �1.6 to 1.0; p � .62), TF
(EMD, �0.5; 95% CI, �2.0 to 1.0; p � .53), or MF (EMD,
�0.3; 95% CI, �0.6 to 0.3; p � .53). However, clinically and
statistically significant between-groups effects were found in
the SWT (EMD, 60 m; 95% CI, 16.0–103.4 m; p � .008) and
grip strength test (EMD, 2.0; 95% CI, 0.4–3.5; p � .01) (Table
3).

Applying the complete-case approach, the regression anal-
ysis showed no significant between-groups effects in either PF
(p � .20), TF (p � .12), or MF (p � .13). However, a clinically
and statistically significant improvement in physical perfor-
mance was found for the PEG compared with the UCG for all
four performance tests: SWT (p � .001), sit-to-stand test (p �
.05), grip strength test (p � .05), and maximal step length (p �
.04). There was also a statistically significant difference in
change in body weight between the two groups (CC analysis).
Patients in the PEG increased their body weight whereas those
in the UCG lost weight (p � .01) (Table 4).

The adherence rate for the participants in the PEG who com-
pleted the pre- and post-tests was, on average, 69% (11 of 16
scheduled sessions). No exercise-related minor or serious adverse
events, such as cardiovascular events or falls with fractures, were
reported during or immediately after the sessions.

DISCUSSION
This randomized trial investigating the effects of physical ex-
ercise in patients with incurable cancer and a life expectancy of

Table 2. Reasons for loss to follow-up in the physical exercise group (PEG) and usual care group (UCG)

PEG
(n � 121)

UCG
(n � 110)

p-valuen % n %

Total n lost to follow-up 43 35.5 25 22.6 .034

Reason for loss to follow-up

Death during the intervention period 5 4.1 5 4.5

Disease progression or other diseases 27 22.3 16 14.5

Randomized and included in the study, but withdrew before start
of training because of disease progression or other reasons

11 9.1 4 3.6
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3 months to 2 years showed improvement in their physical per-
formance as assessed by a hand grip strength test and the SWT,
whereas fatigue, the predefined primary endpoint, was not sig-
nificantly reduced.

The improvements in the physical performance tests indi-
cate that physical exercise can contribute to maintain physical
function for at least some time in patients with advanced and
progressive disease. Thus, physical exercise is an encouraging
intervention to be tested in future studies and possibly also as a
part of a treatment program for early cancer cachexia, wherein
muscle wasting is considered to be one of the main compo-
nents of the cachexia syndrome. At present, physical inactivity
is assumed to be a contributing factor in this syndrome [10].

All patients had incurable disease and a short life expec-
tancy, and many experienced disease progression over the
8-week intervention period, which might explain why fatigue
was not affected. The patients in our cohort had higher levels of
fatigue and poorer physical and social functioning at baseline
than the patients included in a recently published RCT [8]. In
that RCT, a multimodal exercise intervention during cancer
treatment reduced fatigue and improved self-reported physical
and role functioning [8].

These observations may be an argument to include patients
early in the disease trajectory in studies when physical exercise
is expected to improve physical function and daily activity and
prevent muscle loss.

Fatigue is a complex phenomenon, prevalent in advanced
cancer and hypothesized to be influenced by several biological
and psychological factors [20]. The mechanism through which
exercise reduces fatigue is not fully understood, but a positive
effect is probably counteracted by disease progression. In line
with this, a recent Cochrane review demonstrated that the
strongest effect of exercise on cancer-related fatigue was in pa-
tients who were off treatment [7]. In the present study, fatigue
was chosen as the primary endpoint based on findings from the
pilot study [16]. Theoretically, the lack of a difference between
the groups for the primary outcome can be related to the capa-
bility of the FQ to detect changes. The level of PF was compa-
rable between these two studies. Choosing fatigue as the
primary endpoint was perhaps overoptimistic given the com-
plexity of this symptom. Appropriate physical performance
measures are probably more relevant outcomes for future stud-
ies of physical exercise in advanced cancer patients.

For ethical reasons, patients could terminate the exercise

Table 3. Estimated differences in fatigue (physical, mental, and total) and physical performance outcomes between the
physical exercise group (PEG) and the usual care group (UCG) using multiple imputation

Outcome variable

Baseline
Mean
(SD)

8 Wks
Mean
(SD)

Estimated mean
difference
(95% CI) p-valuea

Total fatigue

UCG 18.0 (0.58) 17.2 (0.62) �0.5 (�2.0–1.0) 0.53

PEG 18.1 (0.48) 16.8 (0.60)

Physical fatigue

UCG 12.6 (0.43) 12.1 (0.50) �0.3 (�1.6–1.0) .62

PEG 12.9 (0.37) 11.9 (0.51)

Mental fatigue

UCG 5.4 (0.22) 5.2 (0.19) �0.3 (�0.6–0.3) .53

PEG 5.2 (0.19) 4.9 (0.19)

Shuttle walk test, m

UCG 390 (17.8) 369 (21.5) 60 (16.0–103.4) .008

PEG 339 (17.1) 380 (24.2)

Sit-to-stand, times per 30 seconds

UCG 11.6 (0.38) 11.9 (0.48) 0.5 (�0.5–1.5) .34

PEG 10.9 (0.32) 11.7 (0.47)

Maximal stepping, cm

UCG 92.0 (2.2) 90 (2.0) 3.0 (�1.8–7.7) .22

PEG 85.8 (2.3) 88.9 (2.3)

Handgrip strength, kg

UCG 29.6 (0.94) 28.3 (0.97) 2.0 (0.4–3.5) .01

PEG 26.4 (0.85) 27.5 (0.95)
a Analysis of covariance with baseline measurement and group as covariates (coefficient for treatment group in analysis of
covariance).
Abbreviations: CI, confidence interval; SD, standard deviation.
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program at any time without giving any reason. A relatively
high proportion of patients were lost to follow-up and signifi-
cantly more from the exercise group than from the control
group were lost to follow-up (35% versus 22%). In exercise
interventions for cancer patients with curable disease, dropout
rates are in the range of 0%–34% [29]. Based on the findings
from our pilot study, we expected a relatively high dropout rate
[15]. Alterations in disease manifestations may come abruptly
as death approaches. The most common reason for aborting the
intervention was disease progression or other serious disease
manifestation, and the survival time was significantly shorter
for those who did not complete the program than for those who
did. Disease progression or altered disease manifestations in-
terfere with the capacity to continue with the training, but to a
lesser degree also interfere with the capacity to attend one fol-
low-up assessment, as was the case for the control patients.
When the patients left the training because of disease progres-
sion, they were also lost to follow-up. We felt it was an unnec-

essary strain and therefore unethical to assess these patients at
that point in time. However, one may also argue that it is neces-
sary to make as complete a follow-up as possible, even in patients
with a short life expectancy. In future similar studies and in re-
search on patients with advanced cancer, ethical debates related to
complete follow-up should be raised. Data were considered to be
not MCAR. Therefore, we found imputation for missing data
preferable to the complete-case approach [30].

The randomization was successful in that the two groups
were well balanced with respect to variables that might have
affected outcomes, such as physical activity level last year and
disease and treatment variables. The eligibility criteria were
relatively wide, resulting in a heterogeneous sample with re-
spect to performance status and functioning. This is a common
feature of the palliative care cancer population. On average,
the survival time was about 1 year, but it was only about half a
year for those who dropped out. The completers also had sig-
nificantly better functioning at baseline than those who

Table 4. Estimated differences in fatigue (physical, mental, and total), body weight, and physical performance outcomes
between the physical exercise group (PEG) and the usual care group (UCG) using complete-case analysis

Outcome variable

Baseline
Mean
(SD)

8 Wks
Mean
(SD)

Estimated mean
difference
(95% CI) p-valuea

Total fatigue

UCG 17.6 (5.4) 16.9 (5.7) �1.2 (�2.7–0.3) .12

PEG 17.9 (4.7) 15.9 (4.8)

Physical fatigue

UCG 12.3 (3.9) 11.8 (4.6) �0.8 (�2.1–0.4) .20

PEG 12.8 (11.3) 11.3 (4.1)

Mental fatigue

UCG 5.3 (2.1) 5.1 (1.8) �0.3 (�0.8–0.1) .13

PEG 5.2 (1.9) 4.7 (1.5)

Shuttle walk test, m

UCG 417 (183) 408 (194) 66.1 (26.8–105.3) .001

PEG 368 (177) 428 (219)

Sit-to-stand, times per 30 seconds

UCG 12.4 (4.1) 12.8 (4.5) 0.9 (�0.004–1.7) .05

PEG 11.2 (3.3) 12.6 (3.6)

Maximal stepping, cm

UCG 94.1 (24.3) 93.1 (18.8) 4.6 (0.29–8.9) .04

PEG 87.3 (17.4) 93.8 (17.2)

Handgrip strength, kg

UCG 30.0 (9.4) 29.0 (9.4) 2.1 (0.8–3.3) .001

PEG 26.5 (9.2) 27.7 (8.9)

Body weight, kg

UCG 73.8 (17.6) 73.0 (17.9) 1.3 (0.3–2.3 ) .010

PEG 70.5 (16.3) 71.1 (16.3)
a Analysis of covariance with baseline measurement and group as covariates (coefficient for treatment group in analysis of
covariance).
Abbreviations: CI, confidence interval; SD, standard deviation.
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dropped out. These findings indicate that this specific exercise
intervention is less feasible for patients with a life expectancy
�6 months.

The length and frequency of the intervention were a compro-
mise between expected disease progression and the minimum
amount of exercise required to gain an effect. The content was de-
signed to ensure ease of performance at home and did not presup-
pose special equipment. The average adherence rate was 69%.
Exercise interventions among curable cancer patients have re-
ported adherence rates of 72%–100% [29]. In this context, a 69%
adherence rate is regarded as satisfactory, but it also illustrates the
specific challenges related to performing regular exercise over
time in patients with progressive disease. During the exercise ses-
sions at the hospital, the patients were followed by a physiother-
apist to ensure that they performed their program.

CONCLUSIONS
Physical performance was clinically and statistically signifi-
cantly improved after 8 weeks of physical exercise. Physical
exercise is an encouraging approach to be applied in future

large-scale randomized studies in cancer patients with incur-
able disease.
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