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Abstract

Objective: To systematically review controlled trials investigating the effects of exercise interventions in cancer
patients.
Methods: Studies were located through searching seven electronic databases (Medline, Embase, Cochrane Library,
CancerLit, PsycInfo, Cinahl, SportDiscus), scanning reference lists of relevant articles, contacting experts (n¼ 20),
and checking the contents lists of journals available through ZETOC (Electronic Table of Contents). To be
included, trials had to be prospective, controlled, involve participants diagnosed with cancer and test an exercise
intervention. Types of outcome were not restricted. Two reviewers independently applied the selection criteria.
Results: Thirty-three controlled trials (including 25 randomized trials) were included in the review. There was some
evidence that physical function was increased among those who exercised. Furthermore, symptoms of fatigue did
not appear to be increased and there were few adverse effects reported. There was insufficient evidence to determine
effects on other outcomes, such as quality of life, with results hampered by the heterogeneity between studies as well
as poor methodological quality. Data were also lacking on the long term effects of exercise relating to cancer
recurrence or survival.
Conclusions: There is preliminary evidence that exercise interventions for cancer patients can lead to moderate
increases in physical function and are not associated with increased symptoms of fatigue. However, it is impossible
from current evidence to determine whether exercise has long term beneficial effects on survival or quality of life.

Introduction

Exercise has a role in the management or rehabilitation
of an increasing number of chronic diseases including
coronary heart disease [1], hypertension [2], stroke [3],
obesity [4], non-insulin dependent diabetes [5] and
musculoskeletal disorders [6]. Although it has also been
recommended for helping cancer patients recover from
treatment [7], exercise rehabilitation is not generally
incorporated into cancer care or discussed with patients
[8, 9]. Potential benefits of exercise include helping to
preserve or restore cardiopulmonary function, muscle

and bone strength, and mobility, all of which can be
adversely affected by cancer therapy. Furthermore,
exercise may help promote psychological well-being
following cancer diagnosis and treatment. Conversely,
there may be risks associated with exercise for cancer
patients, particularly possible exacerbation of fatigue –
an important symptom that affects more than half of all
patients to a significant degree [10].
Several reviews of the literature have suggested that

exercise is likely to be beneficial for cancer patients [11–
17]. However, in addition to not employing fully explicit
and systematic methods, these reviews have incorpo-
rated studies of various types including retrospective
surveys and uncontrolled trials. Clearer indications of
the effect of exercise interventions are provided by
prospective clinical trials with appropriate control
groups [18]. A recent systematic review in this area
identified 12 randomized trials and concluded that initial
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evidence was promising for both physiological and
psychological benefits of exercise [19]. In a more
extensive search of the literature we have identified 25
randomized trials and eight non-randomized studies and
have performed a statistical synthesis of the data in
order to determine the effects of exercise in cancer
patients.

Materials and methods

Search strategy

The following electronic databases were searched from
their respective inceptions to December 2003: Medline,
Embase, Cochrane Controlled Trials Register, Cancer-
Lit, Cinahl, PsycInfo, SportDiscus. Search terms in-
cluded subject headings and text words based on (i)
cancer (e.g., neoplasms; tumour; oncology); (ii) exercise
(e.g., exercise therapy; physical activity; sports); (iii)
clinical trials (e.g., controlled clinical trials; random) and
were modified according to the specific vocabulary map
of each database. In addition, a simple search of ‘cancer
AND (exercise OR physical activity)’ was set-up via
ZETOC (Electronic Table of Contents) of all British
Library journals, with results received in a daily e-mail
notification. Contact was made with 20 experts known
to be working in the field to ask if they were aware of
any further published or unpublished trials [20]. Finally,
the reference lists of review articles on the subject and
studies already located were checked for potential trials.
Titles and available abstracts of all items identified by
the electronic searches were scrutinized by one author
(CS) and a random selection of 25% of the titles/
abstracts was independently assessed by a second author
(DAL) to check for consistency in selection. A kappa
score of 0.95 was achieved. Obtained reports were read
by two reviewers (100% by CS and 50% each by DAL
and KRF) who independently applied the selection
criteria. The three authors then met to discuss any
disagreements and reach consensus.

Selection criteria

Trials were included if they involved human participants
who had been diagnosed with cancer. Participants could
be of any age, either sex, have any type or stage of
cancer or be at any stage of treatment or recovery. Only
prospective trials with a control arm were included.
Control arms could comprise no intervention (e.g.,
normal care), an alternative intervention (e.g., counsel-
ing, relaxation) or a different exercise type (e.g., aerobic
versus flexibility exercises). Trials with healthy or his-

torical control groups were excluded. Non-randomized
trials were included as well as randomized ones. This
was an a priori decision made on the basis that the
number of randomized trials might be small and that it
was important to appraise all available evidence. Trials
were included if they tested interventions involving
regular exercise of any type (e.g., aerobic, resistance,
flexibility). Exercise could be the sole intervention or
combined with other interventions (e.g., diet, counsel-
ing). Trials of single exercise sessions that measured
acute effects (e.g., [21]) were excluded, as were trials that
only investigated the effects of physiotherapy (e.g., [22]).
There were no restrictions on the outcomes assessed in
trials. Both published and unpublished trials written in
any language, in full or abstract form were considered
for inclusion.

Data extraction

Included trials were read in full and data were
extracted by two reviewers (100% by CS and 50%
each by DAL and KRF) using a pre-piloted struc-
tured form. Any disagreements or discrepancies were
resolved through discussion and checking the original
papers. Details on the study design, participants,
interventions, outcome measures, results and conclu-
sions were recorded. Where key information was not
reported, efforts were made to contact the authors in
order to obtain further details.

Quality assessment

In the absence of validated methods of assessing
methodological rigor suitable for trials of exercise
interventions, trial quality was assessed by recording
whether the following features were incorporated in the
study design: randomization; allocation concealment;
blinding of the main outcome assessment and inten-
tion-to-treat analysis. These have been identified as the
most important components in minimizing bias in
clinical trials [23]. Trials were defined as randomized if
the method of allocating participants to intervention
and control groups was described using terms such as
random, randomly or randomization. Allocation con-
cealment was considered adequate if randomization
took place at a remote site or involved drawing sealed
sequentially numbered envelopes. Trials were defined
as blind if the main outcomes were measured by an
assessor who was blind to group allocation. If the main
outcomes were measured by a non-blinded assessor or
by the participants themselves as with self-report
questionnaires, the trial was defined as not blind.
Trials were defined as using intention-to-treat analysis
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if all patients were analysed in the groups to which
they were allocated, regardless of completion or
adherence. Studies described as using intention-to-treat
analysis that excluded participants not completing the
intervention, were recorded as not using intention-to-
treat analysis.

Data analysis

Included trials were summarized in tables and de-
scribed in the text. After completion of this descriptive
synthesis we examined the data to determine whether
there were areas where statistical pooling would be
possible. This was determined on the basis of having at
least four studies in a similar population group with a
similar outcome. On this basis we were able to examine
the effect of exercise on physical functioning in patients
with breast cancer and also examine the same outcome
in a separate pooling of studies that had included
patients with any cancer diagnosis. In addition we
performed a third meta-analysis of trials (irrespective
of cancer type) with fatigue as an outcome. Cancer-
related fatigue has been identified as an important
outcome and has the potential to be either reduced or
increased through exercise. It was considered appro-
priate therefore to try to quantify this possibility. For
each outcome (physical function and fatigue) effect
sizes were calculated for each trial using Cohen’s
method [24] to produce a standardized mean difference
for the effect of exercise. It was anticipated that there
would be systematic differences (heterogeneity) be-
tween the results of studies and a random effects model
using DerSimonian and Laird’s [25] method was used
to calculate the pooled effect size. Heterogeneity
between studies was further explored using meta-
regression analysis to determine the role of trial type
(randomized or not), allocation concealment, blinding
of outcome assessment, intention-to-treat analysis and
cancer type (for the fatigue meta-analysis only) on
difference between studies [26]. Funnel plots were
examined and statistical evidence of small study bias
(indicative of publication bias) was assessed with Egger
and Begg tests [26]. All analyses were undertaken using
Stata version 8 [26].

Results

Figure 1 shows the outcome of the search process. From
the 80 reports of potential trials that were located, 40 did
not meet the eligibility criteria [27–66], and a total of 33
studies reported in 40 different papers were included in
the review [67–106]. Data were pooled for 19 trials that

assessed physical functioning and 12 trials that assessed
fatigue.

Trial characteristics

Table 1 shows the characteristics of included trials.
Thirteen trials included breast cancer patients during
[67, 70, 72, 74, 76, 77, 79–81], or after [68, 71, 73, 75]
adjuvant therapy. Eleven trials involved adult patients
with any cancer [85, 87, 90–93, 95–97, 99, 100] and
one involved paediatric cancer survivors [94]. The
remaining trials included patients undergoing treat-
ment for prostate [82–84], lung [104], colorectal [101],
or stomach [105] cancer, multiple myeloma [102] or
leukemia [106]. Nineteen studies tested aerobic exercise
interventions, of which eight used cycle ergometers
[68, 77, 79-81, 93, 96, 105], and eight used walking
programs [70, 71, 73, 74, 76, 85, 91, 95]. Three trials
tested resistive exercise [82, 83, 106], 10 had combined
aerobic and resistive programs [67, 75, 84, 86, 92, 97,
99, 100, 103, 104] and one study was based on team
sport activities [94]. Most trials compared an exercise
intervention with no intervention; six that did not,
used information training [84], psychological therapies
[85, 92], stretching [70, 88], or tai chi [71] as
comparison arms. Exercise interventions lasted for
10 weeks or longer in 17 trials [67, 68, 72, 73, 76, 77,
79–83, 85, 87, 90, 94, 101, 102], between 4 and
8 weeks in 12 trials [70, 71, 74, 75, 84, 91, 92, 95, 97,
99, 100, 106], and 2 weeks or less in four studies [93,
96, 104, 105]. The longest intervention period of any
trial was 26 weeks [72].

Methodological quality

Table 2 shows the methodological features of included
trials. In general, studies were of poor quality. There
were eight trials not using randomized allocation [73,
80, 81, 86, 93–95, 99], and of the 25 that did, only five
indicated that concealment of allocation may have been
adequate [68, 82, 92, 102, 104]. Two studies appeared to
include participants in the control group who had
declined to undertake the intervention [94, 99], and for a
further five studies it was unclear whether eligibility
(including willingness to participate) was determined
prior to group allocation or whether the control group
may have solely or partly consisted of those who
declined to be allocated to exercise [73, 80, 81, 88, 95].
Assessor blinding for a main outcome measure took
place in two trials [68, 100]. In 13 studies, the main
outcome measure was completed by the participant, so
blinding was not possible [72, 73, 79, 83–85, 92, 93, 97,
99, 101, 102, 104]. The other 18 trials for which assessor
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blinding was possible, either did not use blinding [67,
96], or did not state if the assessor was blind to the
allocation group [70, 71, 74–77, 80–82, 87, 90, 91, 94,
95, 105, 106]. Four studies analysed data on an
intention-to-treat basis [69, 72, 83, 99]. In six other
papers intention-to-treat analysis was described [68, 85,
92, 93, 96, 101], but not all the allocated participants
were included in the analysis. Other methodological
limitations that were common among included trials
were small sample sizes and multiple statistical testing.
Only eight trials had more than 30 participants per
group, [72, 83–85, 92, 97, 101, 104], and 14 trials had 10
or fewer subjects [67, 71, 73, 75, 76, 80–82, 87, 90, 91,
94, 100, 106]. Sample sizes were based on power
calculations in only nine trials [67, 68, 72, 74, 83, 85,
89, 94, 104], with two failing to recruit the required
number [67, 89], and a further trial reported an
insufficient sample size from a post hoc power calcula-
tion [106]. Seventeen trials did not specifically state the
primary outcome measures [70, 73, 74, 76, 84, 87, 90–94,
97, 99, 100, 102, 104, 106], and even among those that

did, there were several with numerous secondary out-
come measures and sub-group analyses. With many
questionnaire measures having additional subscales and
with measurements taken at multiple time-points, some
studies involved considerable numbers of statistical
comparisons [68–70, 72, 76, 82–89, 91, 94, 97, 99, 101,
106]. Conclusions were commonly based on isolated
positive findings (those with a p-value below the
conventional 0.05 level), while the role of chance as an
explanation for these and results with higher p-values,
was disregarded.

Trial outcomes

Physical function
Thirteen trials reported small but statistically signifi-
cant improvements in tests of aerobic capacity [68, 70,
77, 80, 81, 88, 90, 95, 100] or timed walk distances
[67, 74–76] following aerobic exercise programmes
lasting from 6 to 25 weeks. In one study, loss of
physical performance was attenuated among inpatients

80 papers reporting trials considered for inclusion

37 excluded
- 26 had no control group [29-54]
- 5 were abstracts duplicating data from full papers [55-59]
- 2 were not of prospective design [60, 61]
- 2 included non-cancer patients [62, 63]
- 1 had inadequate control group [64]
- 1 provided no data from control group [65]

2 unable to be traced [27, 28]

41 papers reporting trials meeting inclusion criteria

1 excluded during data extraction
- 1 data not analyzed according to group allocation [66]

40 papers included reporting a total of 33 trials [67-106]

10 trials assessing physical
function in breast cancer
patients included in statistical
analysis [67, 68, 70, 72, 74-
77, 80, 81]

9 trials assessing physical
function in patients with any
cancer included in statistical
analysis [85, 88, 90, 91, 94-
97, 99]

12 trials assessing fatigue in
cancer patients included in
statistical analysis [67, 68,
70, 74, 80, 82, 83, 85, 93, 97,
99, 101]

Fig. 1. Process of study selection.
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th
er
a
p
y
’

S
u
g
g
es
ts

th
a
t

m
u
sc
le

w
a
st
a
g
e

is
re
v
er
si
b
le
.

A
ll
o
u
tc
o
m
es

fa
v
o
u
re
d

ex
er
ci
se

g
ro
u
p

b
u
t
st
u
d
y

la
ck
ed

p
o
w
er

S
eg
a
l
et

a
l.
[8
3
]

C
a
n
a
d
a

P
ro
st
a
te

ca
n
ce
r

p
a
ti
en
ts

re
ce
iv
in
g

a
n
d
ro
g
en

d
ep
ri
v
a
ti
o
n

th
er
a
p
y
[1
5
5
/1
5
5
]

(1
)
S
u
p
er
v
is
ed

re
si
st
iv
e
tr
a
in
in
g

(2
)
U
su
a
l
ca
re

3
d
a
y
s
p
er

w
ee
k

fo
r
1
2
w
ee
k
s

F
a
ti
g
u
e
(F
A
C
T
-F
);

Q
o
L

(F
A
C
T
-P
);

o
th
er

o
u
tc
o
m
es

w
er
e
m
u
sc
u
la
r

fi
tn
es
s
a
n
d
b
o
d
y

co
m
p
o
si
ti
o
n

G
ro
u
p
1
im

p
ro
v
ed

m
o
re

o
n
fa
ti
g
u
e,

Q
o
L

a
n
d
m
u
sc
u
la
r

fi
tn
es
s
th
a
n
g
ro
u
p
2
;

n
o
d
iff
er
en
ce
s
fo
r

b
o
d
y
co
m
p
o
si
ti
o
n

‘r
es
is
ti
v
e
ex
er
ci
se

re
d
u
ce
s
fa
ti
g
u
e
a
n
d

im
p
ro
v
es

Q
o
L

a
n
d

m
u
sc
u
la
r
fi
tn
es
s’

W
el
l-
d
es
ig
n
ed

st
u
d
y

su
g
g
es
ts

th
a
t

sm
a
ll

b
en
efi
ts

in
so
m
e

a
re
a
s
a
re

p
o
ss
ib
le

B
er
g
lu
n
d

et
a
l.
[8
4
]

S
w
ed
en

P
ro
st
a
te

ca
n
ce
r

p
a
ti
en
ts

–
6
0
%

o
n
a
ct
iv
e

tr
ea
tm

en
t
[2
1
1
/1
1
5
]

(1
)
S
u
p
er
v
is
ed

g
ro
u
p

p
h
y
si
ca
l
tr
a
in
in
g

(2
)
G
ro
u
p
in
fo
rm

a
ti
o
n

cl
a
ss

o
n
ce

a
w
ee
k

(3
)
C
o
m
b
in
ed

g
ro
u
p

p
h
y
si
ca
l
a
n
d

in
fo
rm

a
ti
o
n

tr
a
in
in
g
o
n
ce

a
w
ee
k

(4
)
N
o
in
te
rv
en
ti
o
n

1
d
a
y
p
er

w
ee
k

fo
r
7
w
ee
k
s
(p
lu
s

1
b
o
o
st
er

se
ss
io
n

a
ft
er

2
m
o
n
th
s)

P
er
ce
iv
ed

b
en
efi
ts

o
f

p
ro
g
ra
m
m
e

(q
u
es
ti
o
n
n
a
ir
e)

G
ro
u
p
3
p
er
ce
iv
ed

g
re
a
te
r
re
la
x
a
ti
o
n

w
h
en

si
tt
in
g
a
n
d

b
re
a
th
in
g

th
a
n

g
ro
u
p
1
;
sa
ti
sf
a
ct
io
n

w
a
s
h
ig
h
er

in
g
ro
u
p

3
th
a
n
1
o
r
2
;
n
o

a
ss
es
sm

en
t
o
f
g
ro
u
p
4

‘b
en
efi
t
o
f
ce
rt
a
in

a
sp
ec
ts

o
f
th
e

p
h
y
si
ca
l
p
ro
g
ra
m

is
g
re
a
te
r
in

th
e

co
m
b
in
a
ti
o
n
g
ro
u
p

th
a
n
p
h
y
si
ca
l

tr
a
in
in
g
a
lo
n
e’

S
u
g
g
es
ts

th
a
t

m
u
lt
i-
fa
ce
te
d

in
te
rv
en
ti
o
n
s
a
re

p
re
fe
rr
ed

b
y
p
a
ti
en
ts
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T
a
b
le

1
.
C
o
n
ti
n
u
ed
.

A
u
th
o
r

L
o
ca
ti
o
n

P
a
rt
ic
ip
a
n
ts

[N
u
m
b
er

a
ll
o
ca
te
d
/a
n
a
ly
se
d
]

In
te
rv
en
ti
o
n
a
n
d

co
n
tr
o
l
a
rm

s

F
re
q
u
en
cy

a
n
d

d
u
ra
ti
o
n

o
f
ex
er
ci
se

M
a
in

en
d
p
o
in
ts

R
ep
o
rt
ed

re
su
lt
s

A
u
th
o
rs

co
n
cl
u
si
o
n

R
ev
ie
w
er
s

co
m
m
en
ts

M
ix
ed

ca
n
ce
rs

C
o
u
rn
ey
a
et

a
l.
[8
5
]

C
a
n
a
d
a

C
a
n
ce
r
p
a
ti
en
ts

(b
re
a
st
;
co
lo
n
;
o
v
a
ri
a
n
;

st
o
m
a
ch

et
c.
)
–
5
6
%

co
m
p
le
te
d
tr
ea
tm

en
t

[1
0
8
/9
6
]

(1
)
U
n
su
p
er
v
is
ed

h
o
m
e-
b
a
se
d
w
a
lk
in
g

(a
n
d
w
ee
k
ly

g
ro
u
p

p
sy
ch
o
th
er
a
p
y
)

(2
)
G
ro
u
p

p
sy
ch
o
th
er
a
p
y

w
ee
k
ly

3
–
5
d
a
y
s
p
er

w
ee
k
fo
r

1
0
w
ee
k
s

Q
o
L
(F
A
C
T
-G

);

o
th
er

o
u
tc
o
m
es

in
cl
u
d
ed

li
fe

sa
ti
sf
a
ct
io
n
,

d
ep
re
ss
io
n
,
a
n
x
ie
ty

fa
ti
g
u
e,

fi
tn
es
s,

b
o
d
y
co
m
p
o
si
ti
o
n

G
ro
u
p
1
im

p
ro
v
ed

m
o
re

th
a
n
g
ro
u
p
2

o
n
fu
n
ct
io
n
a
l
Q
o
L
;

a
ls
o
fa
ti
g
u
e
a
n
d
b
o
d
y

co
m
p
o
si
ti
o
n
;
p
ri
o
r

ex
er
ci
se

w
a
s
h
ig
h
er

in
g
ro
u
p
1

‘p
ro
g
ra
m

m
a
y
im

p
ro
v
e

Q
o
L

in
ca
n
ce
r
su
rv
iv
o
rs

b
ey
o
n
d
th
e
b
en
efi
ts

o
f
g
ro
u
p
p
sy
ch
o
th
er
a
p
y
,

p
a
rt
ic
u
la
rl
y
p
h
y
si
ca
l

a
n
d
fu
n
ct
io
n
a
l

w
el
l-
b
ei
n
g
’

S
u
g
g
es
ts
p
o
ss
ib
le

eff
ec
t
o
f

ex
er
ci
se

o
n

fu
n
ct
io
n
a
l

o
u
t-

co
m
es

th
a
t
a
re

n
o
t
a
d
d
re
ss
ed

b
y

p
sy
ch
o
th
er
a
p
y

H
a
y
es

et
a
l.
[8
6
,
8
7
]

H
a
y
es

et
a
l.
[8
8
,
8
9
]

A
u
st
ra
li
a

C
a
n
ce
r
p
a
ti
en
ts

a
ft
er

re
ce
iv
in
g
h
ig
h
d
o
se

ch
em

o
th
er
a
p
y
a
n
d

a
u
to
lo
g
o
u
s
p
er
ip
h
er
a
l

b
lo
o
d
st
em

ce
ll

tr
a
n
sp
la
n
ta
ti
o
n
[1
2
/1
2
]

(1
)
A
er
o
b
ic

a
n
d

re
si
st
iv
e
g
y
m
-b
a
se
d

tr
a
in
in
g

(2
)
S
tr
et
ch
in
g

3
d
a
y
s
p
er

w
ee
k

fo
r
1
2
w
ee
k
s

A
er
o
b
ic

ca
p
a
ci
ty

(V
O

2
p
ea
k
);
m
u
sc
u
la
r

st
re
n
g
th

(g
y
m

te
st
s)
;

Q
o
L
(C

A
R
E
S
);

b
o
d
y
co
m
p
o
si
ti
o
n

(t
o
ta
l
b
o
d
y
w
a
te
r)
;

im
m
u
n
e
fu
n
ct
io
n

G
ro
u
p
1
im

p
ro
v
ed

V
O

2
b
y
7
.8

m
l/
k
g
/

m
in

m
o
re

th
a
n

g
ro
u
p
2
(p

<
0
.0
5
);

a
ls
o
im

p
ro
v
ed

m
o
re

o
n
u
p
p
er

a
n
d
lo
w
er

b
o
d
y
st
re
n
g
th

a
n
d

Q
o
L
;
n
o
d
iff
er
en
t

fo
r
im

m
u
n
e

p
a
ra
m
et
er
s
o
r
b
o
d
y

co
m
p
o
si
ti
o
n

‘p
a
ti
en
ts

a
b
le

to
re
g
a
in

fi
tn
es
s
&

st
re
n
g
th
’
..
.

‘r
ed
u
ct
io
n
in

n
u
m
b
er

a
n
d
se
v
er
it
y
o
f

p
ro
b
le
m
s’
..
.
‘p
re
se
rv
e

a
n
d
in
cr
ea
se

sk
el
et
a
l

m
a
ss
’
..
.
‘d
id

n
o
t

fa
ci
li
ta
te

fa
st
er

im
m
u
n
e
ce
ll
re
co
v
er
y
’

M
o
st

o
u
tc
o
m
es

fa
v
o
u
r

ex
er
ci
se

g
ro
u
p

b
u
t
b
a
se
-

li
n
e

d
iff
er
en
ce
s

a
n
d

sm
a
ll

sa
m
-

p
le

h
in
d
er

in
te
r-

p
re
ta
ti
o
n

B
u
rn
h
a
m

a
n
d
W
il
co
x

[9
0
]

U
n
it
ed

S
ta
te
s

C
a
n
ce
r
p
a
ti
en
ts

(b
re
a
st
;

co
lo
n
)
P

2
m
o
n
th
s

p
o
st
-t
re
a
tm

en
t
[2
1
/1
8
]

(1
)
S
u
p
er
v
is
ed

g
y
m
-b
a
se
d
lo
w
-

in
te
n
si
ty

a
er
o
b
ic

tr
a
in
in
g

(2
)
S
u
p
er
-

v
is
ed

g
y
m
-b
a
se
d

m
o
d
er
a
te
-i
n
te
n
si
ty

a
er
o
b
ic

tr
a
in
in
g

(3
)
N
o
in
te
rv
en
ti
o
n

3
d
a
y
s
p
er

w
ee
k

fo
r
1
0
w
ee
k
s

A
er
o
b
ic

ca
p
a
ci
ty

(V
O

2
m
a
x
);
fl
ex
ib
il
it
y

(s
it
a
n
d
re
a
ch

te
st
),

b
o
d
y
co
m
p
o
si
ti
o
n

(c
a
ll
ip
er
);
Q
o
L

(Q
L
IC

P
)

G
ro
u
p
s
1
a
n
d
2

co
m
b
in
ed

in
th
e

a
n
a
ly
si
s;
im

p
ro
v
ed

V
O

2
4
.6

m
l/
k
g
/m

in

m
o
re

th
a
n
g
ro
u
p
3

(p
<

0
.0
5
)
a
n
d
a
ls
o

im
p
ro
v
ed

m
o
re

o
n

b
o
d
y
fa
t,
fl
ex
ib
il
it
y
,

Q
o
L

‘l
o
w

a
n
d
m
o
d
er
a
te

in
te
n
si
ty

p
ro
g
ra
m
s

w
er
e
eq
u
a
ll
y
eff

ec
ti
v
e
in

im
p
ro
v
in
g
p
h
y
si
o
lo
g
ic
a
l

a
n
d
p
sy
ch
o
lo
g
ic
a
l

fu
n
ct
io
n
’

Im
p
li
es

lo
w

a
n
d

m
o
d
er
a
te

in
te
n
-

si
ty

ex
er
ci
se

p
ro
d
u
ce
d

si
m
il
a
r
eff

ec
ts

o
n
fi
tn
es
s,
b
u
t

sa
m
p
le

si
ze

m
a
y

h
a
v
e
b
ee
n

in
su
ffi
ci
en
t
to

d
et
ec
t

d
iff
er
en
ce
s

M
el
lo

et
a
l.
[9
1
]

B
ra
zi
l

C
a
n
ce
r
p
a
ti
en
ts

re
ce
iv
in
g
b
o
n
e
m
a
rr
o
w

tr
a
n
sp
la
n
ts

[3
2
/1
8
]

(1
)
S
u
p
er
v
is
ed

w
a
lk
-

in
g
o
n
tr
ea
d
m
il
l

a
n
d
st
re
tc
h
in
g
(2
)

U
su
a
l
ca
re

O
n
ce

d
a
il
y
fo
r

6
w
ee
k
s

M
u
sc
le

st
re
n
g
th

(d
y
n
a
m
o
m
et
ry
)

G
ro
u
p
1
in
cr
ea
se
d

h
ip

fl
ex
o
r
st
re
n
g
th

o
n
n
o
n
-d
o
m
in
a
n
t

si
d
e
m
o
re

th
a
n

g
ro
u
p
2
.
O
th
er

m
u
sc
le

g
ro
u
p
s
n
o
t

d
iff
er
en
t.

‘e
x
er
ci
se

p
ro
g
ra
m

w
a
s

effi
ci
en
t
in

p
ro
m
o
ti
n
g

a
n
in
cr
ea
se

o
f
m
u
sc
le

st
re
n
g
th
’

W
a
lk
in
g
a
n
d

st
re
tc
h
in
g

p
ro
g
ra
m
m
e

h
a
d

li
tt
le

eff
ec
t
o
n

m
u
sc
le

st
re
n
g
th
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T
a
b
le

1
.
C
o
n
ti
n
u
ed
.

A
u
th
o
r

L
o
ca
ti
o
n

P
a
rt
ic
ip
a
n
ts

[N
u
m
b
er

a
ll
o
ca
te
d
/a
n
a
ly
se
d
]

In
te
rv
en
ti
o
n
a
n
d

co
n
tr
o
l
a
rm

s

F
re
q
u
en
cy

a
n
d

d
u
ra
ti
o
n

o
f
ex
er
ci
se

M
a
in

en
d
p
o
in
ts

R
ep
o
rt
ed

re
su
lt
s

A
u
th
o
rs

co
n
cl
u
si
o
n

R
ev
ie
w
er
s

co
m
m
en
ts

P
et
er
ss
o
n
et

a
l.
[9
2
]

S
w
ed
en

C
a
n
ce
r
p
a
ti
en
ts

(b
re
a
st
,

co
lo
n
,
p
ro
st
a
te
)

w
it
h
in

3
m
o
n
th
s
o
f

d
ia
g
n
o
si
s
[4
4
2
/3
2
5
]

(1
)
S
u
p
er
v
is
ed

g
ro
u
p
p
h
y
si
ca
l

tr
a
in
in
g
(a
n
d

in
fo
r-

m
a
ti
o
n
,
ed
u
ca
ti
o
n
,

co
g
n
it
iv
e
b
eh
a
v
i-

o
u
ra
l
th
er
a
p
y
)

(2
)
In
d
iv
id
u
a
l
su
p
p
o
rt

(3
)
C
o
m
b
in
a
ti
o
n

o
f
in
te
rv
en
ti
o
n
s

1
a
n
d
2

(4
)
U
su
a
l
ca
re

1
d
a
y
p
er

w
ee
k

fo
r
8
w
ee
k
s

(p
lu
s
1
b
o
o
st
er

se
ss
io
n
a
ft
er

2
m
o
n
th
s)

D
ep
re
ss
io
n
(H

A
D
);

a
n
x
ie
ty

(H
A
D
);

su
b
je
ct
iv
e

d
is
tr
es
s
(I
E
S
)

N
o
d
iff
er
en
ce
s
b
et
w
ee
n

g
ro
u
p
1
a
n
d
3
co
m
p
a
re
d

w
it
h
2
a
n
d
4
o
n

d
ep
re
ss
io
n
o
r
a
n
x
ie
ty
.

A
v
o
id
a
n
ce

re
d
u
ce
d
in

g
ro
u
p
1
in

b
re
a
st

p
a
ti
en
ts

w
h
o
w
er
e

’m
o
n
it
o
rs
’
a
n
d

in
cr
ea
se
d
in

p
ro
st
a
te

p
a
ti
en
ts

w
h
o
w
er
e

’b
lu
n
te
rs
’

‘o
n
ly

th
e
m
o
n
it
o
r

co
n
ce
p
t

se
em

s
u
se
fu
l
fo
r

p
re
d
ic
ti
n
g
re
sp
o
n
se

to

re
h
a
b
il
it
a
ti
o
n
w
it
h

a
st
ro
n
g
in
fo
rm

a
ti
o
n

co
m
p
o
n
en
t’

N
o

a
p
p
a
re
n
t
ef
-

fe
ct

o
f

ex
er
ci
se

co
m
p
o
n
en
t
o
n

p
sy
ch
o
lo
g
ic
a
l

o
u
tc
o
m
es

b
ey
o
n
d

p
sy
ch
o
th
er
a
p
y

D
im

eo
et

a
l.
[9
3
]

G
er
m
a
n
y

C
a
n
ce
r
p
a
ti
en
ts

(m
o
st
ly

b
re
a
st
)
re
ce
iv
in
g

h
ig
h
-d
o
se

ch
em

o
th
er
a
p
y

a
n
d
a
u
to
lo
g
o
u
s

p
er
ip
h
er
a
l
b
lo
o
d
st
em

-c
el
l

tr
a
n
sp
la
n
ta
ti
o
n
[6
2
/5
9
]

(1
)
S
u
p
er
v
is
ed

a
er
o
b
ic

tr
a
in
in
g
o
n
su
p
in
e

cy
cl
e
er
g
o
m
et
er

in
b
ed

(2
)
U
su
a
l
ca
re

O
n
ce

d
a
il
y
d
u
ri
n
g

h
o
sp
it
a
li
za
ti
o
n

P
sy
ch
o
lo
g
ic

st
a
tu
s

(P
O
M
S
;
S
C
L
-9
0
-R

)

G
ro
u
p
1
re
d
u
ce
d
g
lo
b
a
l

p
sy
ch
o
lo
g
ic
a
l
d
is
tr
es
s

w
h
il
e
g
ro
u
p
2
d
id

n
o
t

ch
a
n
g
e,

b
u
t
n
o
g
ro
u
p

d
iff
er
en
ce
s
a
n
a
ly
se
d

‘a
er
o
b
ic

ex
er
ci
se

ca
n

re
d
u
ce

fa
ti
g
u
e
a
n
d

im
p
ro
v
e
p
sy
ch
o
lo
g
ic

d
is
tr
es
s’

Im
p
li
es

th
a
t

sl
ig
h
t

im
p
ro
v
e-

m
en
ts

in

p
sy
ch
o
lo
g
ic
a
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w
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n
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b
e
p
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]
C
a
n
a
d
a

P
a
ed
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n
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r
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o
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v
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a
g
e

5
y
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p
o
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a
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0
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8
]

(1
)
S
u
p
er
v
is
ed

g
ro
u
p
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o
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s
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o
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er
,
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o
ck
ey
,

b
a
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b
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)
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o
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te
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o
n

3
d
a
y
s
p
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1
2
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s

P
u
lm
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n
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n
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n
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C
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b
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2
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p
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)
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u
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d
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2
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d
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d
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b
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]
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b
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2
]
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)
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u
p
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v
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w
a
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g

o
n
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d
m
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l
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)
U
su
a
l
ca
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O
n
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d
a
il
y
fo
r

6
w
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k
s

P
h
y
si
ca
l
p
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fo
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a
n
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a
x
im

u
m
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d

o
n
tr
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d
m
il
l
te
st
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o
th
er

o
u
tc
o
m
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u
d
ed

h
a
em

o
a
g
lo
b
in

le
v
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s

a
n
d
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ti
g
u
e

G
ro
u
p
1
im

p
ro
v
ed

sp
ee
d
b
y
0
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2
k
m
/h

m
o
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th
a
n
g
ro
u
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2
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=

0
.0
4
);

h
a
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o
a
g
lo
b
in
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se
d

b
y
1
g
/d
l
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0
.0
4
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4
p
a
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en
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g
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u
p
2
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p
o
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g
u
e
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p
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fo
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in
g
d
a
il
y

a
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iv
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ie
s
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o
b
ic
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er
ci
se

im
p
ro
v
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e
p
h
y
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l

p
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n
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o
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n
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r
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en
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in
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o
m

h
ig
h
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o
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er
a
p
y
’

S
u
g
g
es
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th
a
t
p
a
-
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en
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n

ex
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ci
se

a
n
d

im
p
ro
v
e

fi
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s

a
ft
er

h
ig
h
-d
o
se

ch
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th
er
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y

D
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et

a
l.
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]

G
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m
a
n
y

C
a
n
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r
p
a
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o
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b
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a
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)
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iv
in
g

h
ig
h
-d
o
se

ch
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o
th
er
a
p
y

a
n
d
a
u
to
lo
g
o
u
s

p
er
ip
h
er
a
l
b
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o
d
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-c
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l
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a
n
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n
ta
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o
n
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0
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0
]
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)
S
u
p
er
v
is
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rv
a
l
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a
in
in
g
o
n
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p
in
e
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e
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o
m
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3
0
m
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u
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s
d
a
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y
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)
U
su
a
l
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u
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n
g
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a
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o
n
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2
w
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k
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f
p
h
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l

p
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(m
a
x
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u
m
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n
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d
m
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l
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o
th
er
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u
d
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h
a
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a
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g
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d
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n
d
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t
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m
p
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o
n
s

G
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u
p
1
d
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a
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d
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d
b
y
0
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7
k
m
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o
u
r
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a
n
g
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u
p
2
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=

0
.0
5
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a
s
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o
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a
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d
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r
1
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d
a
y
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=

0
.0
3
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h
a
d
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p
a
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a
n
d
d
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h
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a
n
d
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o
rt
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p
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d
s
o
f

n
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o
p
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a
n
d
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m
b
o
p
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o
b
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ex
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n
b
e
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ly
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d
o
u
t
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m
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te
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a
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h
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h
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o
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a
p
y
a
n
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n
p
a
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y
p
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v
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t
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f
p
h
y
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l

p
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n
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’
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p
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t
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p
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y

p
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g
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s
d
u
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n
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h
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h
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o
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o
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a
p
y
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A
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o
r
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o
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P
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o
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d
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d
]
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te
rv
en
ti
o
n
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s
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d
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ra
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er
ci
se

M
a
in

en
d
p
o
in
ts

R
ep
o
rt
ed

re
su
lt
s

A
u
th
o
rs
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n
cl
u
si
o
n

R
ev
ie
w
er
s

co
m
m
en
ts

B
er
g
lu
n
d
et

a
l.
[9
7
]

[9
8
]
S
w
ed
en

C
a
n
ce
r
p
a
ti
en
ts

(m
o
st
ly

b
re
a
st
)
w
it
h
in

2
m
o
n
th
s

o
f
co
m
p
le
ti
n
g

tr
ea
tm

en
t
[1
9
9
/1
7
6
]

(1
)
S
u
p
er
v
is
ed

g
ro
u
p

p
h
y
si
ca
l
tr
a
in
in
g
(a
n
d

in
fo
rm

a
ti
o
n
a
n
d
co
p
in
g

sk
il
ls
fo
r
7
w
ee
k
s)

(2
)
N
o
in
te
rv
en
ti
o
n

1
d
a
y
p
er

w
ee
k

fo
r
4
w
ee
k
s

P
ro
b
le
m
s
w
it
h

p
h
y
si
ca
l
a
ct
iv
it
y
,

sy
m
p
to
m
s,
Q
o
L

(q
u
es
ti
o
n
n
a
ir
e)

G
ro
u
p
1
im

p
ro
v
ed

m
o
re

th
a
n
g
ro
u
p
2

o
n
p
er
ce
iv
ed

p
h
y
si
ca
l

st
re
n
g
th

p
o
st
-t
es
t
a
n
d

3
,
6
,
1
2
m
o
n
th
s
la
te
r;

a
ls
o
p
h
y
si
ca
l
tr
a
in
in
g

p
o
st
-t
es
t,
3
a
n
d

1
2
m
o
n
th
s
a
n
d
fi
g
h
ti
n
g

sp
ir
it
a
t
p
o
st
-t
es
t,
6
a
n
d

1
2
m
o
n
th
s,
b
u
t
h
a
d

p
o
o
re
r
b
a
se
li
n
e
sc
o
re
s

‘r
es
u
lt
s
d
em

o
n
st
ra
te

se
v
er
a
l
sh
o
rt
-t
er
m

eff
ec
ts
’
..
.
‘p
ro
g
ra
m
m
e

se
em

s
to

b
e
su
cc
es
sf
u
l

w
it
h
re
sp
ec
t
to

p
a
ti
en
ts
’

fi
g
h
ti
n
g
sp
ir
it
,
p
h
y
si
ca
l

st
re
n
g
th

a
n
d
tr
a
in
in
g
a
s

la
te

a
s
1
y
ea
r
a
ft
er
’

In
te
rv
en
ti
o
n
h
a
d

n
o
eff

ec
t
o
n
m
o
st

o
f
th
e
o
u
tc
o
m
es

m
ea
su
re
d
(>

7
0
)

B
er
g
lu
n
d
et

a
l.
[9
9
]

S
w
ed
en

C
a
n
ce
r
p
a
ti
en
ts

(m
o
st
ly

b
re
a
st
)
w
it
h
in

2
m
o
n
th
s

o
f
co
m
p
le
ti
n
g

tr
ea
tm

en
t
[6
0
/6
0
]

(1
)
S
u
p
er
v
is
ed

g
ro
u
p

p
h
y
si
ca
l
tr
a
in
in
g
(a
n
d

in
fo
rm

a
ti
o
n
a
n
d
co
p
in
g

sk
il
ls
fo
r
7
w
ee
k
s)

(2
)
U
su
a
l
ca
re

1
d
a
y
p
er

w
ee
k

fo
r
4
w
ee
k
s

P
ro
b
le
m
s
w
it
h

p
h
y
si
ca
l
a
ct
iv
it
y
,

sy
m
p
to
m
s,
Q
o
L

(q
u
es
ti
o
n
n
a
ir
e)

G
ro
u
p
1
im

p
ro
v
ed

m
o
re

th
a
n
g
ro
u
p
2

o
n
p
h
y
si
ca
l
a
n
d

so
ci
a
l
a
ct
iv
it
ie
s
a
n
d

p
h
y
si
ca
l
st
re
n
g
th

‘p
a
rt
ic
ip
a
n
ts

im
p
ro
v
ed

m
o
re

o
n
p
h
y
si
ca
l

st
re
n
g
th

a
n
d
in
cr
ea
se
d

p
h
y
si
ca
l
tr
a
in
in
g
a
n
d

so
ci
a
l
a
ct
iv
it
ie
s
m
o
re
’

N
o
eff

ec
t

re
p
o
rt
ed

fo
r

m
o
st

o
f
th
e

o
u
tc
o
m
es

m
ea
su
re
d
;

(>
6
0
)
p
o
o
r

(p
<

0
.0
5
),
b
u
t
fo
r

m
o
st

o
u
tc
o
m
es

h
a
d

p
o
o
re
r
sc
o
re
s
b
ef
o
re

a
n
d
th
ro
u
g
h
o
u
t
1
y
ea
r

o
f
fo
ll
o
w

u
p

co
m
p
li
a
n
ce

a
n
d

ex
er
ci
se

o
n
ly

o
n
e
co
m
p
o
n
en
t

B
eu
tt
n
er

a
n
d

G
a
v
o
n
[1
0
0
]

U
n
it
ed

S
ta
te
s

C
a
n
ce
r
su
rv
iv
o
rs

w
it
h
in

5
y
ea
rs

o
f
d
ia
g
n
o
si
s

[1
8
/1
7
]

(1
)
S
u
p
er
v
is
ed

g
ro
u
p

a
er
o
b
ic
/s
tr
en
g
th

tr
a
in
in
g

(2
)
N
o
in
te
rv
en
ti
o
n

3
d
a
y
s
p
er

w
ee
k

fo
r
8
w
ee
k
s

F
it
n
es
s
(e
st
im

a
te
d

V
O

2
,
h
ea
rt

ra
te
,

st
re
n
g
th
,
fl
ex
ib
il
it
y
);

p
er
so
n
a
li
ty

(C
1
6
P
F
Q
)

G
ro
u
p
1
im

p
ro
v
ed

a
ll

a
sp
ec
ts

o
f
fi
tn
es
s

a
n
d
so
m
e
o
f

p
er
so
n
a
li
ty
,
b
u
t
g
ro
u
p

d
iff
er
en
ce
s
n
o
t

a
n
a
ly
se
d

‘p
ro
g
ra
m

w
a
s
su
ffi
ci
en
t

fo
r
im

p
ro
v
em

en
ts

in

p
h
y
si
ca
l
fi
tn
es
s’

S
u
g
g
es
ts

fi
tn
es
s

im
p
ro
v
em

en
ts

a
re

p
o
ss
ib
le

in

ca
n
ce
r
su
rv
iv
o
rs

O
th
er

ca
n
ce
rs

C
o
u
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ey
a
et

a
l.
[1
0
1
]

C
a
n
a
d
a

C
o
lo
re
ct
a
l
ca
n
ce
r

p
a
ti
en
ts
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ll
o
w
in
g

su
rg
er
y
[1
0
2
/9
3
]

(1
)
U
n
su
p
er
v
is
ed

a
er
o
b
ic

ex
er
ci
se

2
)
U
su
a
l
ca
re

3
–
5
d
a
y
s
p
er

w
ee
k

fo
r
1
6
w
ee
k
s

Q
u
a
li
ty

o
f
li
fe

(F
A
C
T
-C

);
o
th
er

o
u
tc
o
m
es

in
cl
u
d
ed

li
fe

sa
ti
sf
a
ct
io
n
,

d
ep
re
ss
io
n
,
a
n
x
ie
ty

fa
ti
g
u
e,

fi
tn
es
s,

b
o
d
y
co
m
p
o
si
ti
o
n

N
o
d
iff
er
en
ce
s
b
et
w
ee
n

g
ro
u
p
s
o
n
a
n
y
o
u
tc
o
m
es
;

re
p
o
rt
ed

le
v
el
s
o
f

ex
er
ci
se

si
m
il
a
r

b
et
w
ee
n
g
ro
u
p
s

‘i
n
cr
ea
se
d

ca
rd
io
v
a
sc
u
la
r

fi
tn
es
s
is
a
ss
o
ci
a
te
d
w
it
h

im
p
ro
v
em

en
ts

in
Q
o
L
’

H
ig
h

le
v
el
s

o
f

ex
er
ci
se

in
co
n
-

tr
o
l
g
ro
u
p

m
a
y

h
a
v
e
m
a
sk
ed

eff
ec
ts

o
f

in
te
r-

v
en
ti
o
n
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1
.
C
o
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n
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.

A
u
th
o
r

L
o
ca
ti
o
n

P
a
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ic
ip
a
n
ts

[N
u
m
b
er

a
ll
o
ca
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d
/a
n
a
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se
d
]

In
te
rv
en
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o
n
a
n
d
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n
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o
l
a
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s

F
re
q
u
en
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a
n
d

d
u
ra
ti
o
n

o
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ci
se

M
a
in

en
d
p
o
in
ts

R
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o
rt
ed

re
su
lt
s

A
u
th
o
rs

co
n
cl
u
si
o
n

R
ev
ie
w
er
s

co
m
m
en
ts

C
o
le
m
a
n
et

a
l.

[1
0
2
,
1
0
3
]

U
n
it
ed

S
ta
te
s

M
u
lt
ip
le

m
y
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o
m
a

p
a
ti
en
ts

re
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iv
in
g

h
ig
h
-d
o
se

ch
em

o
th
er
a
p
y

a
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u
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o
u
s

p
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h
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a
l
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-c
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a
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o
n
[2
4
/1
7
]

(1
)
U
n
su
p
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v
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ed

h
o
m
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b
a
se
d
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o
b
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a
n
d
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e
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a
in
in
g

(2
)
U
su
a
l
ca
re

(i
n
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u
d
in
g

a
d
v
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e
to

w
a
lk
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r

2
0
m
in
u
te
s
3
d
a
y
s
p
er

w
ee
k
)

5
d
a
y
s
p
er

w
ee
k
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r

1
2
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k
s
p
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a
n
d

p
o
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a
n
sp
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n
t

F
a
ti
g
u
e,
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p
;
o
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o
u
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o
m
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u
d
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a
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o
b
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ca
p
a
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ty
,
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n
g
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,
b
o
d
y
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m
p
o
si
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o
n
,
m
o
o
d

G
ro
u
p
1
g
a
in
ed

le
a
n

b
o
d
y
ti
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u
e
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m
p
a
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w
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h
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u
p
2
;
n
o

d
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s
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o
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o
u
tc
o
m
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a
ti
en
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n

m
a
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o
r
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p
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v
e
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es
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v
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.
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g
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m
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a
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b
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n
d

m
a
y
b
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r
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a
si
n
g
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e
a
n
d
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o
d
d
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a
n
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a
n
d
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p
ro
v
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g
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p
’

M
o
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o
u
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o
m
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v
o
u
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d

g
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u
p

1
,

b
u
t

su
b
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a
n
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a
l
a
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o
u
n
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o
f

m
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n
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d
a
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o
m

a
n
a
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s

p
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u
d
e

in
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p
re
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o
n

W
a
ll
[1
0
4
]

U
n
it
ed

S
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te
s

L
u
n
g
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n
ce
r
p
a
ti
en
ts

a
b
o
u
t
to

u
n
d
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g
o
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y
[1
0
4
/9
7
]

(1
)
U
n
su
p
er
v
is
ed

p
re
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p
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a
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v
e
a
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o
b
ic
,
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si
st
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e
a
n
d
b
re
a
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in
g

h
o
m
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b
a
se
d
ex
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ci
se
s

o
n
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d
a
il
y

(2
)
N
o
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te
rv
en
ti
o
n

O
n
ce

d
a
il
y
fo
r

1
w
ee
k
p
re
-s
u
rg
er
y

H
o
p
e
(H

H
I)
;

p
o
w
er

(P
K
P
C
T
-V

II
)

G
ro
u
p
1
in
cr
ea
se
d

p
o
w
er

m
o
re

th
a
n
g
ro
u
p

2
;
n
o
d
iff
er
en
t
o
n
h
o
p
e

‘e
x
er
ci
se

is
a
fo
rm

o
f

k
n
o
w
in
g
p
a
rt
ic
ip
a
ti
o
n

in
ch
a
n
g
e’

Im
p
o
rt
a
n
ce

o
f

o
u
tc
o
m
es

fo
r
p
a
-

ti
en
ts

u
n
cl
ea
r

N
a
et

a
l.
[1
0
5
]

S
o
u
th

K
o
re
a

S
to
m
a
ch

ca
n
ce
r
p
a
ti
en
ts

u
n
d
er
g
o
in
g
su
rg
er
y

[3
5
/3
2
]

(1
)
S
u
p
er
v
is
ed

a
er
o
b
ic

ex
er
ci
se

o
n
a
rm

a
n
d

cy
cl
e
er
g
o
m
et
er
s
in

b
ed

tw
ic
e
d
a
il
y
(2
)
U
su
a
l
ca
re

5
d
a
y
s
p
er

w
ee
k

fo
r
2
w
ee
k
s

C
h
a
n
g
e
in

N
K

ce
ll

cy
to
to
x
ic

a
ct
iv
it
y

G
ro
u
p
1
in
cr
ea
se
d

N
K

ce
ll
cy
to
to
x
ic

a
ct
iv
it
y
m
o
re

th
a
n
g
ro
u
p
2

‘e
a
rl
y
m
o
d
er
a
te

ex
er
ci
se

h
a
s
b
en
efi
ci
a
l
eff

ec
t

o
n
fu
n
ct
io
n
o
f
in

vi
tr
o

N
K

ce
ll
s
a
ft
er

cu
ra
ti
v
e
su
rg
er
y
’

Im
p
li
es

ex
er
ci
se
-

in
d
u
ce
d

im
m
u
-

n
o
lo
g
ic

ch
a
n
g
e

fo
ll
o
w
in
g

su
r-

g
er
y

C
u
n
n
in
g
h
a
m

et
a
l.

[1
0
6
]
U
n
it
ed

S
ta
te
s

A
cu
te

le
u
k
a
em

ia

p
a
ti
en
ts

re
ce
iv
in
g
b
o
n
e

m
a
rr
o
w

tr
a
n
sp
la
n
t

[4
0
/3
0
]

(1
)
S
u
p
er
v
is
ed

re
si
st
iv
e

ex
er
ci
se
s

(2
)
S
u
p
er
v
is
ed

re
si
st
iv
e

ex
er
ci
se
s
5
d
a
y
s
p
er

w
ee
k

(3
)
U
su
a
l
ca
re

3
d
a
y
s
p
er

w
ee
k

fo
r
5
w
ee
k
s

B
o
d
y
co
m
p
o
si
ti
o
n

(s
k
in
fo
ld
s)
;
m
u
sc
le

p
ro
te
in

(n
it
ro
g
en

b
a
la
n
ce
;
cr
ea
ti
n
in
e

ex
cr
et
io
n
)

G
ro
u
p
1
m
a
in
ta
in
ed

cr
ea
ti
n
in
e
st
a
tu
s

w
h
il
e
g
ro
u
p
3

d
ec
re
a
se
d
,
b
u
t
g
ro
u
p

d
iff
er
en
ce
s
n
o
t
a
n
a
ly
se
d
;

n
o
d
iff
er
en
ce
s
in

o
th
er

o
u
tc
o
m
es

‘l
a
ck

o
f
p
h
y
si
ca
l

a
ct
iv
it
y
a
p
p
ea
rs

to
h
a
v
e
a
n
eg
a
ti
v
e

in
fl
u
en
ce

o
n

m
a
in
te
n
a
n
ce

o
f
m
u
sc
le

p
ro
te
in
,
b
u
t
re
su
lt
s
a
re

n
o
t
co
n
cl
u
si
v
e’

Im
p
li
es

p
o
ss
ib
le

sp
a
ri
n
g
o
f

m
u
sc
le

p
ro
te
in

th
ro
u
g
h

ex
er
ci
se

b
u
t
n
o
t

cl
ea
rl
y

d
em

o
n
st
ra
te
d

N
o
te
s.
Q
o
L
:
q
u
a
li
ty

o
f
li
fe
;
F
A
C
T
-B
:
F
u
n
ct
io
n
a
l
A
ss
es
sm

en
t
o
f
C
a
n
ce
r
T
h
er
a
p
y
–
B
re
a
st
;
P
F
S
:
P
ip
er

F
a
ti
g
u
e
S
ca
le
;
IG

F
:
(i
n
su
li
n
-l
ik
e
g
ro
w
th

fa
ct
o
r)
;
S
F
-3
6
:
M
ed
ic
a
l
O
u
tc
o
m
es

S
u
rv
ey

–

S
h
o
rt

F
o
rm

-3
6
;
B
D
I:

B
ec
k
D
ep
re
ss
io
n
In
v
en
to
ry
;
S
S
T
A
I:

S
p
ie
lb
er
g
er

S
ta
te

T
ra
it
A
n
x
ie
ty

In
v
en
to
ry
;
R
S
E
I:
R
o
se
n
th
a
l
S
el
f-
E
st
ee
m

In
v
en
to
ry
;
S
A
S
:
S
y
m
p
to
m

A
ss
es
sm

en
t
S
ca
le
;
N
K
:

n
a
tu
ra
l
k
il
le
r;
K
P
S
:
K
a
rn
o
fs
k
y
P
er
fo
rm

a
n
ce

S
ca
le
;
P
A
IS
:
P
sy
ch
o
so
ci
a
l
A
d
ju
st
m
en
t
to

Il
ln
es
s
S
ca
le
;
B
S
I:
B
ri
ef

S
y
m
p
to
m

In
v
en
to
ry
;
V
A
S
:
v
is
u
a
l
a
n
a
lo
g
u
e
sc
a
le
;
T
S
C
S
:
T
en
n
es
se
e
S
el
f-

C
o
n
ce
p
t
S
ca
le
;
S
C
L
-9
-R

:
D
er
o
g
a
ti
s
S
y
m
p
to
m

C
h
ec
k
L
is
t
–
9
0
-R

ev
is
ed
;
P
O
M
S
:
P
ro
fi
le

o
f
M
o
o
d
S
ta
te
s;
M
E
T
s:
m
et
a
b
o
li
c
eq
u
iv
a
le
n
ts
;
L
L
C
;
L
ev
en
so
n
L
o
cu
s
o
f
C
o
n
tr
o
l;
D
E
X
A
:
d
u
a
l

en
er
g
y
X
-r
a
y
a
b
so
rp
ti
o
m
et
ry
;
B
IS
:
b
io
el
ec
tr
ic
a
l
im

p
ed
a
n
ce

sp
ec
tr
o
sc
o
p
y
;
F
A
C
T
-F
:
F
u
n
ct
io
n
a
l
A
ss
es
sm

en
t
o
f
C
a
n
ce
r
T
h
er
a
p
y
–
F
a
ti
g
u
e;

F
A
C
T
-G

:
F
u
n
ct
io
n
a
l
A
ss
es
sm

en
t
o
f
C
a
n
ce
r

T
h
er
a
p
y
–
G
en
er
a
l;
Q
L
IC

P
:
Q
u
a
li
ty

o
f
L
if
e
In
d
ex

fo
r
C
a
n
ce
r
P
a
ti
en
ts
;
C
A
R
E
S
:
C
a
n
ce
r
R
eh
a
b
il
it
a
ti
o
n
E
v
a
lu
a
ti
o
n
S
y
st
em

;
H
A
D
:
H
o
sp
it
a
l
A
n
x
ie
ty

a
n
d
D
ep
re
ss
io
n
sc
a
le
;
IE

S
:
Im

p
a
ct

o
f

E
v
en
t
S
ca
le
;
F
V
C
:
fo
rc
ed

v
it
a
l
ca
p
a
ci
ty
;
S
P
P
C
:
S
el
f-
P
er
ce
p
ti
o
n
P
ro
fi
le
fo
r
C
h
il
d
re
n
;
C
1
6
P
F
Q
:
C
a
tt
el
l’
s
S
ix
te
en

P
er
so
n
a
li
ty

F
a
ct
o
r
Q
u
es
ti
o
n
n
a
ir
e;
H
H
I:
H
er
th

H
o
p
e
In
d
ex
;
P
K
P
C
T
-V

II
:

P
o
w
er

a
s
K
n
o
w
in
g
P
a
rt
ic
ip
a
ti
o
n
in

C
h
a
n
g
e
T
es
t,
v
er
si
o
n
II
.
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T
a
b
le

2
.
M
et
h
o
d
o
lo
g
ic
a
l
fe
a
tu
re
s
o
f
in
cl
u
d
ed

tr
ia
ls

A
u
th
o
r

R
a
n
d
o
m
iz
ed

a
ll
o
ca
ti
o
n

C
o
n
ce
a
lm

en
t
o
f
a
ll
o
ca
ti
o
n

A
ss
es
so
r
b
li
n
d
in
g
fo
r

m
a
in

o
u
tc
o
m
es

In
te
n
ti
o
n
-t
o
-t
re
a
t
a
n
a
ly
si
s

fo
r
m
a
in

o
u
tc
o
m
es

O
th
er

a
sp
ec
ts

B
re
a
st

ca
n
ce
r

C
a
m
p
b
el
l
et

a
l.
[6
7
]

Y
es

–
co
m
p
u
te
r

g
en
er
a
te
d
n
u
m
b
er

N
o
t
st
a
te
d

N
o

N
o
–
3
n
o
t
in
cl
u
d
ed

S
a
m
p
le

si
ze

ca
lc
u
la
ti
o
n

in
d
ic
a
te
d

in
su
ffi
ci
en
t

p
o
w
er

fo
r

m
a
in

Q
o
L

o
u
tc
o
m
e

C
o
u
rn
ey
a
et

a
l.
[6
8
]

F
a
ir
ey

et
a
l.
[6
9
]

Y
es

–
ra
n
d
o
m

n
u
m
b
er

ta
b
le

Y
es

–
se
a
le
d
en
v
el
o
p
es

p
re
p
a
re
d
b
y
p
er
so
n
n
o
t

in
v
o
lv
ed

w
it
h
a
ll
o
ca
ti
o
n

Y
es

fo
r
fi
tn
es
s
&

b
lo
o
d
te
st
s;
N
o
fo
r

se
lf
-r
ep
o
rt

Q
o
L

N
o
fo
r
fi
tn
es
s
&

Q
o
L
–
3
n
o
t
in
cl
u
d
ed
;
Y
es

fo
r
in
su
li
n
–
la
st

v
a
lu
e

ca
rr
ie
d
fo
rw

a
rd

S
a
m
p
le

si
ze

ca
lc
u
la
ti
o
n
re
p
o
rt
ed

b
u
t

la
ck
in
g

d
et
a
il
s;

m
u
lt
ip
le

o
u
tc
o
m
es

a
ss
es
se
d

D
ro
u
in

et
a
l.
[7
0
]

Y
es

–
ra
n
d
o
m

n
u
m
b
er

ta
b
le

N
o
t
st
a
te
d

N
o
t
st
a
te
d

N
o
–
2
n
o
t
in
cl
u
d
ed

B
a
se
li
n
e
d
iff
er
en
ce
s
ex
is
te
d

G
a
la
n
ti
n
o
et

a
l.
[7
1
]

Y
es

–
ra
n
d
o
m

n
u
m
b
er

ta
b
le

N
o
t
st
a
te
d

N
o
t
st
a
te
d

N
o
–
3
n
o
t
in
cl
u
d
ed

S
eg
a
l
et

a
l.
[7
2
]

Y
es

–
ra
n
d
o
m

n
u
m
b
er
s
ta
b
le

N
o

N
o
–
se
lf
-r
ep
o
rt

m
ea
su
re

Y
es

M
u
lt
ip
le
o
u
tc
o
m
es

a
ss
es
se
d
;
b
a
se
li
n
e

d
iff
er
en
ce
s
ex
is
te
d

S
eg
a
r
et

a
l.
[7
3
]

N
o
–
ro
ta
te
d
se
q
u
en
ti
a
ll
y

N
o

N
o
–
se
lf
re
p
o
rt

m
ea
su
re
s

N
o
–
6
n
o
t
in
cl
u
d
ed

O
n
ly

h
a
lf
o
f
sa
m
p
le

in
cl
u
d
ed

in

re
su
lt
s

M
o
ck

et
a
l.
[7
4
]

Y
es

–
ra
n
d
o
m

fo
r
1
st

p
a
ti
en
t

th
en

a
lt
er
n
a
te

N
o

N
o
t
st
a
te
d

N
o
–
4
n
o
t
in
cl
u
d
ed

L
a
ck

o
f
o
u
tc
o
m
e
d
a
ta

p
ro
v
id
ed
;
b
a
se
li
n
e
d
iff
er
en
ce
s
ex
is
te
d

N
ie
m
a
n
et

a
l.
[7
5
]

Y
es

–
n
o
d
et
a
il

N
o
t
st
a
te
d

N
o
t
st
a
te
d

N
o
–
4
n
o
t
in
cl
u
d
ed

S
a
m
p
le

si
ze

m
a
y
h
a
v
e
la
ck
ed

p
o
w
er
;

b
a
se
li
n
e
d
iff
er
en
ce
s

ex
is
te
d

M
o
ck

et
a
l.
[7
6
]

Y
es

–
cl
u
st
er

ra
n
d
o
m
iz
ed

–
n
o
fu
rt
h
er

d
et
a
il

N
o
t
st
a
te
d

N
o
t
st
a
te
d

N
o
–
4
n
o
t
in
cl
u
d
ed

B
a
se
li
n
e
d
iff
er
en
ce
s
ex
is
te
d

M
a
cV

ic
a
r
et

a
l.
[7
7
]

W
in
n
in
g
h
a
m

et
a
l.
[7
8
]

Y
es

–
st
ra
ti
fi
ed

o
n

a
er
o
b
ic

ca
p
a
ci
ty

–
n
o

fu
rt
h
er

d
et
a
il

N
o
t
st
a
te
d

N
o
t
st
a
te
d

N
o
–
1
7
n
o
t
in
cl
u
d
ed

L
a
ck

o
f
o
u
tc
o
m
e
d
a
ta

p
ro
v
id
ed

W
in
n
in
g
h
a
m

a
n
d

M
a
cV

ic
a
r
[7
9
]

Y
es

–
n
o
d
et
a
il

N
o
t
st
a
te
d

N
o
–
se
lf
re
p
o
rt

m
ea
su
re

N
o
t
st
a
te
d
–
n
o

d
ro
p
o
u
ts

re
p
o
rt
ed

L
a
ck

o
f
o
u
tc
o
m
e
d
a
ta

p
ro
v
id
ed

M
a
cV

ic
a
r
a
n
d

W
in
n
in
g
h
a
m

[8
0
]

N
o
t
st
a
te
d

N
o
t
st
a
te
d

N
o
t
st
a
te
d

N
o
t
st
a
te
d
–
n
o

d
ro
p
o
u
ts

re
p
o
rt
ed

B
a
se
li
n
e
d
iff
er
en
ce
s
ex
is
te
d

W
in
n
in
g
h
a
m

et
a
l.
[8
1
]

N
o
–
b
a
se
d
o
n
a
b
il
it
y

to
a
tt
en
d
ex
er
ci
se

se
ss
io
n
s

N
o

N
o
t
st
a
te
d

N
o
t
st
a
te
d
–
n
o

d
ro
p
-o
u
ts

re
p
o
rt
ed

B
a
se
li
n
e
d
iff
er
en
ce
s
ex
is
te
d

P
ro
st
a
te

ca
n
ce
r

O
li
v
er

et
a
l.
[8
2
]

Y
es

–
co
m
p
u
te
ri
ze
d

ra
n
d
o
m

n
u
m
b
er

ta
b
le

Y
es

–
se
a
le
d
en
v
el
o
p
es

p
re
p
a
re
d
b
y
in
d
iv
id
u
a
l

n
o
t
co
n
n
ec
te
d
w
it
h
st
u
d
y

N
o
t
st
a
te
d

N
o
–
1
n
o
t
in
cl
u
d
ed

S
a
m
p
le

si
ze

m
a
y
h
a
v
e
la
ck
ed

p
o
w
er
;

m
u
lt
ip
le

o
u
tc
o
m
es

a
ss
es
se
d

S
eg
a
l
et

a
l.
[8
3
]

Y
es

–
ra
n
d
o
m

n
u
m
b
er

ta
b
le

N
o
t
st
a
te
d

N
o
–
se
lf
-r
ep
o
rt

m
ea
su
re
s

Y
es

S
a
m
p
le

si
ze

ca
lc
u
la
ti
o
n

in
d
ic
a
te
d

a
d
eq
u
a
te

p
o
w
er

fo
r
m
a
in

o
u
tc
o
m
e

m
ea
su
re
s

B
er
g
lu
n
d
et

a
l.
[8
4
]

Y
es

–
n
o
d
et
a
il

N
o
t
st
a
te
d

N
o
–
se
lf
re
p
o
rt

m
ea
su
re

N
o
–
9
6
n
o
t
in
cl
u
d
ed
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T
a
b
le

2
.
C
o
n
ti
n
u
ed
.

A
u
th
o
r

R
a
n
d
o
m
iz
ed

a
ll
o
ca
ti
o
n

C
o
n
ce
a
lm

en
t
o
f
a
ll
o
ca
ti
o
n

A
ss
es
so
r
b
li
n
d
in
g
fo
r

m
a
in

o
u
tc
o
m
es

In
te
n
ti
o
n
-t
o
-t
re
a
t
a
n
a
ly
si
s

fo
r
m
a
in

o
u
tc
o
m
es

O
th
er

a
sp
ec
ts

M
ix
ed

ca
n
ce
rs

C
o
u
rn
ey
a
et

a
l.
[8
5
]

Y
es

–
ra
n
d
o
m

n
u
m
b
er
s

ta
b
le

–
cl
u
st
er

ra
n
d
o
m
iz
ed

N
o

N
o
–
se
lf
re
p
o
rt

m
ea
su
re

N
o
–
1
2
n
o
t
in
cl
u
d
ed

M
u
lt
ip
le

o
u
tc
o
m
es

a
ss
es
se
d

H
a
y
es

et
a
l.
[8
6
,
8
7
]

H
a
y
es

et
a
l.
[8
8
,
8
9
]

N
o
–
m
a
tc
h
ed

g
ro
u
p
s

N
o
t
st
a
te
d

N
o
t
st
a
te
d

N
o
–
2
n
o
t
in
cl
u
d
ed

fo
r
so
m
e
v
a
ri
a
b
le
s

S
a
m
p
le

si
ze

ca
lc
u
la
ti
o
n

re
p
o
rt
ed

fo
r

so
m
e

v
a
ri
a
b
le
s

b
u
t

la
ck
in
g

d
et
a
il
s;

b
a
se
li
n
e
d
iff
er
en
ce
s

ex
is
te
d
;
m
u
lt
ip
le

o
u
tc
o
m
es

a
ss
es
se
d

M
el
lo

et
a
l.
[9
1
]

Y
es

–
n
o
d
et
a
il
s

N
o
t
st
a
te
d

N
o
t
st
a
te
d

N
o
t
st
a
te
d
–
n
o
d
ro
p

o
u
ts

re
p
o
rt
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receiving high-dose chemotherapy who exercised dur-
ing hospitalization [96]. Increases in muscular strength
were recorded after resistive training schedules in three
trials [82, 83, 88]. Six other studies reported no
differences in fitness parameters [71, 72, 94, 101, 102]
or muscle strength [70, 91] following aerobic exercise
programmes.

Figure 2 shows the effects of exercise on physical
function in 10 trials of breast cancer patients (Figure 2a)
and 9 trials of trials that recruited patientswith any cancer
(Figure 2b). For both groups of patients there was some
evidence that exercise improved physical function. For
trials that recruited patients with breast cancer the pooled
standardized mean difference suggested that those who

Fig. 2. (a) Effects of exercise on physical function in controlled trials recruiting patients with breast cancer [n¼ 10]; (b) Effects of exercise on

physical function in controlled trials recruiting patients with any cancer [n¼ 9].
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exercised had on average a 0.96 (95% CI: 0.49, 1.43)
standard deviation greater physical function than those
who did not. However, there was heterogeneity between
studies (p¼ 0.001), which was not explained by whether
the trial was randomized (p¼ 0.8), whether there was
allocation concealment (p¼ 0.5), blinding of the outcome
assessment (p¼ 0.5) or whether there was adequate
description of the control group such that it was clear
controls were eligible participants (p¼ 0.2). Only one
study used intention-to-treat analysis and analysis type
was a source of heterogeneity (p¼ 0.001). It should be
noted from Figure 2a that the largest study [72], which
was also the only study to use intention-to-treat analysis,
foundno effect of exercise onphysical function. Therewas
no evidence of small study bias in this meta-analysis (p-
values for Beggs and Egger test both > 0.5). For trials
that recruited patients with any type of cancer the pooled
standardized mean difference suggested that those who
exercised had on average a 0.55 (95% CI: 0.12, 0.97)
standard deviation greater physical function than those
who did not. However, there was considerable heteroge-
neity also between these studies (p < 0.001), which was
mainly due to one small trial thatwas not randomized, did
not blind the outcome assessment and did not undertake
intention-to-treat analysis. With this study removed, the

pooled standardizedmean difference suggested that those
who exercised had, on average, a 0.26 (95%CI: 0.03, 0.50)
standard deviation greater physical function than those
who did not, and there was no heterogeneity between the
remaining studies (p¼ 0.19). It should also be noted that
two of the largest trials [85, 97], both of which were
randomized, showed no effect of exercise on physical
function. There was evidence of small study bias in this
meta-analysis (both Beggs and Egger test p-value¼ 0.01
with all studies included, and p¼ 0.07 Beggs, and p¼ 0.04
Egger, when the small heterogeneous study was re-
moved).

Fatigue
Reductions in cancer-related fatigue were reported in 10
studies [67, 68, 74, 76, 80, 82, 83, 85, 93, 95], although in
three of them, statistical significance was not reached
[67, 82] or not tested for [93]. No differences between
groups were reported for fatigue in six trials immediately
after the intervention or several months later [70, 71, 97–
99, 101, 102]. Pooling the data from 12 trials that
assessed fatigue suggested that there was no overall
effect of exercise on symptoms of fatigue: mean stan-
dardized difference )0.15 ()0.38, 0.09) standard devia-
tion (Figure 3). Heterogeneity between studies

Fig. 3. Effects of exercise on symptoms of fatigue in any cancer trials [n¼ 12]
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(p < 0.001) was not related to randomization (p¼ 0.16),
allocation concealment (p¼ 0.65), intention-to-treat
analysis (p¼ 0.42) or choice of control (p¼ 0.16).
However, the effect did appear to vary by population
type (p¼ 0.04), with some evidence that in trials that
recruited patients with any type of cancer [85, 93, 97, 99]
finding no effect of exercise on fatigue symptoms: 0.04
()0.26, 0.35) and those that recruited patients with
breast cancer [67, 68, 70, 74, 80] suggesting a modest
reduction in symptoms of fatigue among those allocated
to exercise: )0.52 ()0.95, )0.09) standard deviation.
There was no strong evidence of small study bias in this
meta-analysis (Beggs and Egger test both
p-values >0.1).

Body composition
Decreases in skinfold measurements without simulta-
neous reductions in total body weight were reported in a
trial of non-obese breast cancer patients undergoing
chemotherapy [78], suggesting that fat mass had been
replaced by muscle tissue. Similar findings were reported
in two other studies involving breast cancer patients [85,
90]. Increased lean body weight was reported in a trial of
patients with multiple myeloma [102], and reductions in
body weight and fat mass were described in a sample of
breast cancer patients receiving radiation therapy [70].
Appendicular and total lean mass were increased in
prostate cancer patients receiving androgen deprivation
therapy [82]. Six other studies reported no changes in
body weight [72, 86], or skinfold measurements [68, 83,
101, 106]. Changes in muscle protein status of leukemia
patients receiving marrow transplants could not be
clearly demonstrated [106].

Other physiological parameters
Natural killer cell activity was increased among post-
operative stomach cancer inpatients exercising with bed
ergometers for 2 weeks [105], but was unchanged in
recovered breast cancer survivors following 8 weeks of
exercise [75]. T-cell numbers and function were not
changed by exercise after high-dose chemotherapy and
stem-cell transplantation [87]. No alterations to immune
parameters or oxidative stress were observed during
exercise in breast cancer patients receiving radiation
therapy [70]. In another study of inpatients exercising
with bed ergometers while undergoing high-dose che-
motherapy and stem-cell transplantation, no changes in
haemoglobin or haematocrit were reported [96], but
among patients having completed the same treatment,
haemoglobin increased by 1 g/dl following a six week
walking programme [95]. Fasting insulin, glucose and
insulin resistance were not changed by a 15 week
training programme in breast cancer survivors [69].

Testosterone and prostate-specific antigen levels of
prostate cancer patients did not differ between those
following a resistive exercise programme and the control
group [83].

Treatment-related symptoms
Sleep problems were reduced in two studies of breast
cancer patients [74, 76], while there was a trend
towards improved sleep in a trial of patients with
multiple myeloma [103]. Decreased nausea was de-
scribed in one trial of breast cancer patients [79], but
did not differ to the control group in another [76].
Lower severity of treatment-related pain and diar-
rhoea was reported for inpatients receiving high-dose
chemotherapy in one study [96]. In a further trial, no
differences in frequency and burden of symptoms were
reported following exercise, information and coping
skills training [97].

Psychosocial outcomes
Increases in global quality of life measures were
reported in four trials [67, 68, 83, 89], while five
other studies did not demonstrate significant differ-
ences between exercise and control groups [71, 72, 97,
99, 101]. Improvements in specific quality of life
dimensions of functional [85] and physical [68] well-
being were also reported.
Beneficial effects on depression were reported in

three studies [72, 73, 76], but not in five others [74, 92,
97, 99, 101]. Anxiety was reduced in two trials [73,
74], but not in five others [76, 92, 97, 99, 101]. A
further trial did not find additional effects of a
walking programme on depression, anxiety or other
psychological outcomes beyond those provided by
psychotherapy [85].
One study reported enhanced self-esteem [68], but

three others did not [72, 73, 76]. In two trials, body
image remained higher for exercisers during [76] and
after [74] treatment than for control participants, but no
differences in body image were reported in two other
studies [97, 99]. Reported reductions in global psycho-
logic distress [93] and changes in psychosocial adjust-
ment to illness and emotional distress [76] during
treatment favoured exercise groups.

Adherence

Adherence to exercise interventions was reported to be
over 70% in 19 studies [67, 68, 70, 72–76, 82–86, 90, 93,
94, 96, 102, 104]. One trial reported poor compliance
with 20% of the sample attending no more than one
exercise session [99]. In another study, 51% of the
control group reported exercising to the prescribed
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intervention level, meaning that average level of activity
did not differ between groups [101]. Nine of the
remaining trials that did not report adherence, involved
exercise interventions that were supervised by study
personnel [77, 79, 80, 92, 95, 97, 100, 105, 106].

Tolerability

Adverse events were reported in four trials. Lymphe-
dema (n¼ 3), influenza and a gynecological complica-
tion were reported among participants from the exercise
group, while bronchitis and a foot fracture were
reported in participants from the control group in a
study with post-menopausal breast cancer survivors [68].
A trial involving patients with multiple myeloma
reported no injuries but one patient broke a central
venous catheter stitch [102]. Shoulder tendonitis oc-
curred in one breast cancer patient who reportedly
exceeded the exercise prescription of the study [70].
Muscle and joint stiffness (n¼ 5) were reported from the
control group in a trial of leukemia patients undergoing
bone marrow transplant [106]. Nine studies reported
that no adverse events occurred [67, 72, 74–76, 89, 90,
95, 96], while no mention of adverse events was made in
the remaining 20 trials [65, 71, 73, 77, 79–83, 85, 91–94,
97, 99–101, 104, 105].

Discussion

A total of 33 controlled trials were identified, with
studies of breast cancer patients being most common.
There was some evidence of improved physical func-
tion due to exercise among patients with breast cancer
or those with any type of cancer, although the larger
and better quality trials tended to report null effects
with this outcome. For other outcomes, including
quality of life and psychological symptoms, there was
no clear or consistent evidence that exercise was
beneficial with trials having conflicting results. We
found no evidence that exercise resulted in increased
fatigue symptoms in patients with cancer. All of these
findings need to be treated with caution because of
heterogeneity between studies and methodological lim-
itations. Finally, there is no evidence from clinical trials
with which to determine the effect of exercise on long
term outcomes relating to cancer recurrence or sur-
vival.

Methodological issues

Comprehensive search procedures were adopted when
locating studies for this review in the attempt to limit the

impact of publication and reporting bias [107]. These
can result from the tendency for trials not showing
positive results to remain unpublished [108], take longer
to reach publication [109], or be published in non-
English language journals [110]. Furthermore, coverage
bias in the non-indexing of a number of European
journals in major literature databases has been reported
[111]. The comprehensive search procedures used in this
review contributed to the inclusion of 13 studies that
have not been reported in previous reviews of the
literature.
Conclusions of any review are dependent on the

quality of the included studies. Although there are signs
in this review that this is improving, with some of the
more recent trials demonstrating the greatest rigor [69,
72, 82, 83, 104], most trial findings must be interpreted
with caution because of methodological limitations.
Although the majority of trials were randomized, very
few described using an adequate method of allocation
concealment. Both inadequate methods of generating,
and concealing, allocation sequences are prone to
selection bias and associated with overestimations of
the value of interventions [112, 113]. Double blinding is
not possible with behavioural interventions such as
exercise. However, few of the trials that measured
objective endpoints reported blinded assessment, which
increases the risk of biased assessment and exaggerated
treatment effects [112]. Few studies analysed data on an
intention-to-treat basis meaning that the advantages of
randomization are lost and estimates of efficacy may be
inflated [114]. Many of the studies in the review had only
small samples, few of which were based on sample size
calculations. Differential outcomes between groups in
trials with small samples are more likely to be due to
chance [115] leading to a false-positive result (type-I
error). Conversely, small samples may lack sufficient
power to detect significant differences between interven-
tion groups even if they exist, creating a false-negative
finding (type-II error). Multiple outcomes measurement
and sub-group analyses were undertaken in many trials.
This raises the possibility that significant results
reported for one outcome among many others in a
single study, are due to chance [116, 117].

Effects of exercise

There was some evidence of improvements in physical
function. Minimizing loss of physical function during
treatment and regaining it afterwards, are important for
patients in terms of facilitating activities of daily living.
Prolonged inactivity following surgery and adjuvant
therapy exacerbates physical debilitation leading to
increased fatigue with even minor exertion. Graded
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exercise interventions have therefore been recommended
for breaking the vicious cycle that can develop between
inactivity, physical deconditioning, and fatigue [118].
There is evidence that patients undergoing adjuvant
therapy, as well as those who have completed treatment,
were able to maintain a regular exercise programme
without experiencing major adverse effects or increased
fatigue. As is always the case with clinical trials, results
may only apply to carefully screened patients who are
sufficiently motivated to consent to participate. Within
wider clinical practice, uptake and adherence to exercise
programmes and physical limitations of patients may be
more problematic than for participants in the studies
reviewed.
For other outcomes it was not possible to elucidate

any clear or consistent effects of exercise. There was
considerable heterogeneity between studies in terms of
participant, intervention and outcome variables and
many methodological weaknesses, all of which may
contribute to the inconsistencies among results.

Future directions

One of the purposes of conducting systematic reviews in
newly developing research fields is to identify and
acknowledge the deficiencies in the literature in order
to stimulate further and better research in the future
[119]. There are currently several important gaps in the
evidence base.

Patient groups
Although a number of trials have focused on patients
with breast cancer, there are few studies on the other
three most common cancers – colorectal, lung and
prostate. It is not always appropriate to generalize
findings from one cancer population to another due to
the major differences in disease-related factors, treat-
ment regimes and patient demographics.

Outcome measures
A large number of outcomes were assessed in some trials
with primary endpoints rarely defined. The most impor-
tant outcomes for cancer patients relate to recurrence of
disease, survival, quality of life and ability to perform
activities of daily living. Since studies to date have
tended to assess outcomes at the end of the exercise
intervention only (rather than longer term follow-up),
there is currently no evidence from clinical trials of the
effect of exercise on disease recurrence or survival. For
quality of life and functional abilities, studies should aim
to use the same standardized measures so that findings
are comparable. Furthermore, it is essential to
pre-define main outcome and the magnitude of a

clinically important effect for all measures, rather than
simply report statistically significant differences based
on arbitrary p-values.

Intervention components
There is so far little evidence to help identify the
optimum mode, frequency, intensity and duration of
activity required for beneficial effects in cancer popula-
tions. Existing attempts to compare low versus moderate
intensity activity [90], or gym versus home-based exercise
[72] have not produced clear findings. A staged
approach may be helpful in addressing these issues such
as the framework proposed by the Medical Research
Council Health Services and Public Health Research
Board in the UK for the development and evaluation of
complex health interventions [120].

Methodological design
There are multiple methodological weaknesses among
existing studies. Randomization, allocation conceal-
ment, blinded assessment, intention-to-treat analysis
and sample size calculations are all essential for clinical
trials of effectiveness. Other design considerations
include the choice of comparison arms in order to
control for spontaneous improvements over time and
the contextual aspects of an intervention (i.e., additional
contact with researchers and other participants). Fur-
thermore, studies combining and comparing exercise
with other interventions (e.g., support groups; psycho-
therapy) will help determine how best to integrate
rehabilitation strategies to address the full range of
needs of patients. Finally, continuing to monitor
patients beyond the end of the structured intervention
is essential for establishing the long term effects of
interventions in promoting sustained physical activity,
increasing survival, preventing recurrence and enhanc-
ing quality of life.

Conclusion

From a critical evaluation of data currently available
from controlled trials, it appears that cancer patients
can benefit from improved physical function without
increases in fatigue associated with exercise. It is
impossible to determine from current evidence whether
exercise has direct effects on survival, recurrence or
quality of life.
Nonetheless, on the basis of the rationale for exercise

during cancer rehabilitation and preliminary findings
from existing studies, further research of this subject is
encouraged.

1052 C. Stevinson et al.



Acknowledgements

We thank the following investigators for providing
information on study sources and/or additional infor-
mation about their work: L Buettner (Florida Gulf
Coast University), G Berglund (Uppsala University), A
Campbell (University of Glasgow), E Coleman (Uni-
versity of Arkansas for Medical Sciences), K Courneya
(University of Alberta), A Daley (Sheffield Hallam
University), F Dimeo (Freiburg University Medical
Centre), J Drouin (University of Michigan-Flint),
E Durak (Medical Health & Fitness), S Hayes (Queens-
land University of Technology), S Macora (University
of Wales – Bangor), A Morgan (Fred Hutchinson
Cancer Research Centre), N Mutrie (University of
Glasgow), S Oliver (University of Wales – Bangor),
L-M Petersson (Uppsala University), D Porock (Uni-
versity of Missouri-Columbia), A Schwartz (Oregen
Health Services University), R Segal (Ottawa Regional
Cancer Centre), M Segar (University of Michigan), B
Stoll (St Thomas’ Hospital), P Swan (Arizona State
University).
Funding: Clare Stevinson is funded by Cancer

Research UK [CUK] grant number C3875/A3887.
Debbie A Lawlor is funded by a UK Department of
Health Career Scientist Award. The views expressed in
this paper are those of the authors and not necessarily
those of any funding body.
Conflicts of interest: None

References

1. Jolliffe J, ReesK, TaylorRS, ThompsonD,OldridgeN,AbrahimS

(2004) Exercise-based rehabilitation for coronary heart disease

[Cochrane Review]. The Cochrane Library Issue 2. Oxford: Update

Software.

2. Pescatello L, Franklin, BA, Fagard R, Farquhar WB, Kelley GA,

Ray CA, American College of Sports Medicine (2004) American

College of Sports Medicine position stand. Exercise and hyper-

tension. Med Sci Sports Exerc 36: 533–553.

3. Gordon N, Gulanick M, Costa F, et al., American Heart

Association Council on Clinical Cardiology, Subcommittee on

Exercise, Cardiac Rehabilitation, and Prevention; the Council on

Cardiovascular Nursing; the Council on Nutrition, Physical

Activity, and Metabolism; and the Stroke Council (2004) Physical

activity and exercise recommendations for stroke survivors.

Stroke 35: 1230–1240.

4. Jakicic J, Clark K, Coleman E, et al., American College of Sports

Medicine (2001) American College of Sports Medicine position

stand. Appropriate intervention strategies for weight loss and

prevention of weight regain for adults. Med Sci Sports Exerc 33:

2145–2156.

5. Albright A, Franz M, Hornsby G, et al. (2000) American College

of Sports Medicine position stand. Exercise and type 2 diabetes.

Med Sci Sports Exerc 32: 1345–1360.

6. Vuori I (2001) Dose-response of physical activity and low back

pain, osteoarthritis, and osteoporosis. Med Sci Sports Exerc 33:

S551–S586.

7. Schneider C, Dennehy C, Carter S (2003) Exercise and Cancer

Recovery. Champaign, IL: Human Kinetics.

8. Jones L, Courneya KS (2002) Exercise discussions during cancer

treatment consultations. Cancer Pract 10: 66–74.

9. Stevinson C, Fox K (2004) Role of exercise for cancer rehabil-

itation in UK hospitals: a survey of oncology nurses. Eur J Cancer

Care (in press).

10. Curt G (2001) Fatigue in cancer. BMJ 322: 1560.

11. Smith S (1996) Physical exercise as an oncology nursing inter-

vention to enhance quality of life. Oncol Nurs Forum 23:

771–778.

12. Thune I, Smeland S (2000) Is physical activity important in

treatment and rehabilitation of cancer patients? [Norwegian].

Tidsskr Nor Laegeforen 120: 3302–3304.

13. Pinto B, Maruyama NC (1999) Exercise in the rehabilitation of

breast cancer survivors. Psychooncology 8: 191–206.

14. Courneya K, Friedenreich CM (1999) Physical exercise and

quality of life following cancer diagnosis: a literature review. Ann

Behav Med 21: 171–179.

15. Courneya K, Mackey JR, Jones LW (2000) Coping with cancer:

can exercise help? Phys Sportsmed 28: 49–73.

16. Courneya K (2001) Exercise interventions during cancer treat-

ment: biopsychosocial outcomes. Exerc Sport Sci Rev 29:

60–64.

17. Courneya K, Mackey JR, McKenzie DC (2002) Exercise for

breast cancer survivors: research evidence and clinical guidelines.

Phys Sportsmed 30: 33–42.

18. Sibbald B, Roland M (1998) Why are randomised controlled trials

important? BMJ 316: 201.

19. Oldervoll L, Kaasa S, Hjermstad MJ, Lund JA, Loge JH (2004)

Physical exercise results in the improved subjective well-being of a

few or is effective rehabilitation for all cancer patients? Eur

J Cancer 40: 951–962.

20. McManus R, Wilson S, Delaney BC, et al. (1998) Review of the

usefulness of contacting other experts when conducting a litera-

ture search for systematic reviews. BMJ 317: 1562–1563.

21. Blanchard C, Courneya KS, Laing D (2001) Effects of acute

exercise on state anxiety in breast cancer survivors. Oncol Nurs

Forum 28: 1617–1621.

22. Schultz I, BarholmM,Grondal S (1997)Delayed shoulder exercises

in reducing seroma frequency after modified radical mastectomy: a

prospective randomized study. Ann Surg Oncol 4: 293–297.
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