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Abstract
Purpose  The aims of this systematic review were to: (1) describe physical activity (PA) levels following diagnosis of primary 
brain cancer, (2) determine the relationship between PA levels and health outcomes, and (3) assess the effect of participating 
in an exercise intervention on health outcomes following a diagnosis of brain cancer.
Methods  PubMed, EMBASE, Scopus and CINAHL were searched for relevant articles published prior to May 1, 2020. 
Studies reporting levels of PA, the relationship between PA and health outcomes, and exercise interventions conducted in 
adults with brain cancer were eligible. The search strategy included terms relating to primary brain cancer, physical activity, 
and exercise. Two independent reviewers assessed articles for eligibility and methodological quality (according to Joanna 
Briggs Institute Critical Appraisal Tools). Descriptive statistics were used to present relevant data and outcomes.
Results  15 studies were eligible for inclusion. Most adults with brain cancer were insufficiently active from diagnosis 
through to post-treatment. Higher levels of PA were associated with lower severity of brain cancer specific concerns and 
higher quality of life. Preliminary evidence suggests that exercise is safe, feasible and potentially beneficial to brain cancer 
symptom severity and interference, aerobic capacity, body composition and PA levels. However, the level of evidence to 
support these findings is graded as weak.
Conclusions  Evidence suggests that it is likely appropriate to promote those with brain cancer to be as physically active as 
possible. The need or ability of those with brain cancer to meet current PA guidelines promoted to all people with cancer 
remains unclear.
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Introduction

Brain and other central nervous system cancers are rare, 
accounting for approximately 1.5% of all cancers diagnosed, 
but their disease burden is high [1]. The most common 
malignant brain tumours in adults are gliomas, accounting 
for up to 80% of all primary brain cancers [2]. The 5-year 
relative survival rate for brain cancers is 22% [1], which 
is markedly lower compared to more commonly diagnosed 
cancers such as breast (91%) and prostate (95%), and con-
siderably lower than all cancers combined (69%) [3]. While 
advances in treatments such as a combined radiotherapy and 
chemotherapy (temozolomide) have contributed to improve-
ments in survival [4], treatment-related complications and 
side-effects that impact physical, cognitive and psychosocial 
functioning remain throughout all phases of survivorship 
(from cancer diagnosis until end-of-life) [5–8].

A recent meta-analysis quantified the relationship 
between post-diagnosis physical activity (PA) and disease-
free and overall survival for all cancers combined, with find-
ings showing reductions of 59% and 64% cancer-specific and 
all-cause mortality respectively, for those in the highest PA 
group compared with those in the lowest [9]. Further, the 
American College of Sports Medicine exercise prescription 
guidelines highlight that there is strong evidence for exer-
cise in the management of anxiety, depressive symptoms, 
fatigue, quality of life (QoL), and physical function, and 
moderate evidence for bone health and sleep [10]. These 
findings contributed to the development and promotion of 
PA recommendations for cancer survivors, which state all 
cancer survivors should avoid inactivity and aim towards 
participating in 150 minutes of moderate intensity exercise, 
as well as at least two resistance exercise sessions, per week 
[10, 11]. However, the studies contributing data that support 
these guidelines predominantly involve common cancers 
with relatively good survival such as breast, colorectal and 
prostate cancers. Consequently, it remains unclear whether 
higher levels of PA are associated with improved health 
outcomes and survival, as well as whether exercise is safe, 
feasible and efficacious following a brain cancer diagnosis. 
Therefore, the aims of this systematic review were to: (1) 
describe PA levels following diagnosis of primary brain can-
cer, (2) determine the relationship between PA levels and 
health outcomes, and (3) assess the effect of participating 
in an exercise intervention on health outcomes.

Methods

This systematic review was conducted in accordance to the 
Preferred Reporting Items for Systematic Reviews and Meta-
Analysis (PRISMA) guidelines [12] and was registered with 
the international prospective register of systematic reviews 
(PROSPERO: CRD42019140001).

Search strategy

The systematic database search was conducted on PubMed, 
EMBASE, Scopus and CINAHL on 1 May 2020. A scientific 
librarian assisted with the development of the search strategy 
which included terms relating to brain cancer and exercise 
or PA, which were adapted to subject headings appropriate 
for each database (Supplementary Table 1). Where available, 
database specific limiters (Embase) were applied to identify 
publications in English, in adults, and by publication type. 
No restrictions were set on publication year. Additional arti-
cles were identified by searching reference lists of included 
articles.

Eligibility criteria

Peer-reviewed studies which contained information regard-
ing levels of PA and/or exercise interventions (as assessed 
objectively or self-reported) in adults (age ≥ 18 years) with 
malignant, primary brain cancer (during or post-treatment) 
were included. Articles were excluded if they involved 
children and/or mixed interventions (e.g., exercise and psy-
chological therapy). Observational studies contributed to 
answering aims one and two. Intervention studies contrib-
uted to answering aim three. Studies including participants 
with brain cancer which also enrolled benign or metastatic 
brain tumours were excluded, unless results for patients with 
primary malignant brain tumours were presented separately.

The results from database searches were imported to End-
Note (X9) and duplicates were removed. One reviewer (MM) 
screened all titles/abstracts using the criteria described 
above. Full-text articles were assessed by two independent 
reviewers (MM, TJ). Any discrepancies were discussed and 
resolved by a third reviewer (CS). When two papers pre-
sented similar data from the same cohort, the paper with 
the most comprehensive information was used for data 
extraction.

Quality appraisal

Articles eligible for inclusion were assessed for quality 
using the Joanna Briggs Institute quality appraisal tools 
[13] specific to each study design. Two reviewers (MM, TJ) 
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conducted quality appraisal independently, the results were 
compared, and any discrepancies were resolved by consen-
sus with a third independent reviewer (CS). Studies were 
not excluded based on quality. The level of evidence for 
each research question was then evaluated according to the 
NHMRC Guidelines for the development and implementa-
tion of clinical practice guidelines, where level I indicates 
the strongest and IV is the weakest evidence [14, 15].

Data extraction and statistical analysis

A data extraction spreadsheet collated relevant data from 
each included article, including: paper details, study design, 
sample size, sample information (e.g. age, cancer type, treat-
ment status), study aims and primary outcome, PA measure-
ments, PA levels, intervention details and outcomes.

A meta-analysis was not conducted due to small sam-
ple sizes, heterogeneity of study populations, study designs 
and the method of outcome assessment. PA levels, patient-
relevant outcomes, and exercise interventions were sum-
marised descriptively. PA levels were extracted as reported 
in the original papers (e.g., strenuous, moderate, mild 
exercise; or number of participants meeting guidelines). 
PA levels were grouped and summarised in tabular format 
according to assessment time point (i.e., pre-diagnosis, at 
diagnosis, during treatment, post-treatment, and follow-
up < or ≥ 12 months since diagnosis). Exercise intervention 
details were summarised according to the FITT principle 
(frequency, intensity, time, type), safety (number of adverse 
events) and feasibility (recruitment, retention, and adherence 
to exercise). For aims two and three, we report the outcomes 
which were found to have a statistically- and/or clinically-
significant relationship with PA or exercise intervention 
participation. These were determined a priori based on pre-
viously reported literature (Table 1). A p value < 0.05 was 
considered statistically-significant unless otherwise specified 
in the included study.

Results

Study selection

Database searches yielded 5394 manuscripts, and after 
removing duplicates (n = 1469) and screening of titles and 
abstracts, 90 articles remained for full-text assessment 
(Fig. 1). Sixteen manuscripts (presenting findings from 15 
studies) of varying quality (Supplementary Table 2) were 
identified as eligible [16–31] (Fig. 1), consisting of two ran-
domised controlled trials (RCT; findings from one of these 
trials were presented in two manuscripts) [20, 29, 31], seven 

prospective cohorts [16, 18, 19, 24, 26–28], two cross-sec-
tional [22, 23] studies, one case–control study [17] and three 
case-reports [21, 25, 30].

Sample characteristics

Sample sizes ranged from 1 (case-reports) to 243 (a pro-
spective cohort study [28]), and included participants with 
an age range of 20–82 years. Seven studies almost exclu-
sively included patients with high-grade glioma (HGG) 
(WHO grade III/IV) [19, 21, 22, 25–28, 30]. Other studies 
included mixed samples of low-grade glioma (LGG; WHO 
grade I/II) and HGG [16–18, 20, 23, 24, 29, 31], involving 
newly diagnosed brain cancer [19, 21, 24–27, 30] or recur-
rent brain cancer [22, 25, 28] (three articles did not specify 
[20, 29, 31]).

Aim one: PA levels in people with primary brain 
cancer

Level of evidence: III-2. PA levels were reported in six 
studies [19, 22–24, 27, 28] (Table 2), including two cross-
sectional (n = 171,243) [22, 28] and four longitudinal 
(range n = 15 to 106) [19, 23, 24, 27] studies. Recruit-
ment rates reported in four of six studies were < 51% 
(range: 28 [23] to 71% [27]), with common reasons for 
not participating being uninterested or time. Attrition 
rates ranged from 10 [24] to 61% [28], with four from 
six studies involving HGG reporting higher attrition rates 
due to disease progression and deaths (range: 38 [19] to 
61% [28]). All studies used self-reported measures of PA 
(mostly the Godin Leisure Time Exercise Questionnaire 
[19, 22–24, 28]), with five studies reporting total PA in 
minutes per week (mins/wk) [19, 22–24], or MET-h/wk 
[28], and two of the four longitudinal studies involved ret-
rospective collection of pre-diagnosis PA levels [23, 27]. 
One study categorised participants according to PA lev-
els (i.e. almost completely inactive, some PA < 3 h/week, 
regular PA, or regular hard physical training > 4 h/week) 
[27] and four others categorised participants according to 
meeting PA guidelines (≥ 150-mins of moderate aerobic 
exercise per week) [19, 22, 23, 28]. Timing of PA meas-
urement varied from pre-diagnosis, during treatment and 
post-treatment (Table 2).

Mean PA during or post-treatment ranged from 134 ± 123 
[24] to 177.2 ± 164.9 [19] mins/wk. Between 20 and 71% of 
participants pre- or at diagnosis [19, 23, 27], and 22–41% 
during or post-treatment met recommended PA guidelines. 
Longitudinal findings suggested that the proportion of ‘reg-
ularly active’ patients more than halved between pre- (59%) 
and post-diagnosis (25%) [27]. Participants reporting “no 
exercise” ranged from 24 to 44% [22, 23, 27, 28] (during or 
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post-treatment), and overall, most participants did not meet PA 
guidelines at any time from diagnosis to follow-up (approxi-
mately 60% categorised as insufficiently active or sedentary).

Aim two: PA and health outcomes

Level of evidence for any given outcome: III-3 to III-2. 
Five studies assessed the association between PA levels 
and cancer-related outcomes [19, 22, 24, 27, 28] (Table 2), 
including: survival [28], QoL FACT-G [19, 24], side-effects 
relating to brain cancer (FACT-Brain cancer subscale) [19, 
24], physical function (6-min walk test [28], Karnofsky Per-
formance Status [22]), anxiety (Hospital Anxiety Depression 
Scale [27]), muscular strength (lower-limb dynamometry 
[24]), and cardiopulmonary fitness (VO2peak [24]).

Baseline PA (during or post-treatment) was shown 
to be an independent predictor of survival (p = 0.008) 
among patients with recurrent grade III/IV brain cancer 
in a cohort study (n = 243) [28]. Median survival was 
22 months (95% CI 13.32–∞) for patients reporting ≥ 9 
MET-h/wk compared to 13 months (95% CI 11.25–17.37) 
for patients reporting < 9 MET-h/wk. Two prospective 
cohort studies [19, 24] showed positive associations 
between total weekly PA levels and QoL (that is, higher 
PA levels were associated with higher QoL and fewer brain 
cancer specific concerns), but only one was supported sta-
tistically [19]. In a mixed (LGG and HGG) sample from 
a small (n = 35), prospective cohort study, increases in 
PA levels (from pre- to post-diagnosis) were associated 
with improvements in muscular strength, body composi-
tion, and cardiopulmonary function, although associations 

were not supported statistically [24]. Other studies failed 
to show an association between PA levels and physical 
function [22] or anxiety [27].

Aim three: effect of exercise interventions on cancer 
related outcomes

Nine studies (seven involving newly diagnosed patients 
[16–18, 21, 26, 30, 31]) evaluated the effect of an exercise 
intervention on cancer-related outcomes in patients with 
brain cancer (Table 3). These included three case-reports 
[21, 25, 30], three pre-post intervention studies (n: 5–24) 
[16, 18, 26], one case–control study (n = 43) [17] and two 
RCTs (n: 20–34) [20, 29, 31]. The case-reports related to 
three patients on treatment [21, 25, 30] and one post-treat-
ment [25, 30]. Two studies evaluated exercise post-surgery 
(during inpatient rehabilitation) [16, 17], three studies dur-
ing radiation and/or concurrent chemotherapy [18, 26, 31], 
and one evaluated exercise a minimum of 6-months post-
treatment (surgery and/or adjuvant chemotherapy and/or 
radiotherapy) [20, 29]. The number of studies that evalu-
ated any given outcome (objectively-assessed or patient-
reported) ranged between one and six studies (Table 4).

Exercise intervention details

A summary of the intervention details is presented in Sup-
plementary Table 3. Intervention studies included patients 
with grade I–IV disease (although most [17, 21, 25, 26, 30] 
involved patients with HGGs only), five studies included 

Table 1   A priori definition of clinically-significant change for outcomes reported in brain cancer exercise interventions

For outcomes that did not have established values for clinically-relevant differences, we applied the 0.5 standard deviation (SD) distribution 
method [58]
a 1 MET is the amount of energy expended during one minute while at rest

Outcomes Units of change References

European organisation for the research and treatment of cancer quality of life 10 [48]
36-item short form survey 5 [49]
Edmonton symptom management system 1 [50]
MD Anderson symptom inventory brain tumour module 1 [51]
Brief fatigue inventory 1 [52]
Cardiorespiratory fitness 1-METa (3.5 mL/kg/min) [53]
Pittsburgh sleep quality index 3 [54]
Hospital anxiety and depression scale 1.5 [55]
30 s sit-to-stand 2 repetitions [56]
Functional independence measure—total subscale 22 [57]
Functional independence measure—motor subscale 17 [57]
Functional independence measure—cognitive subscale 3 [57]
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mixed Gliomas (e.g. astrocytoma, glioblastoma) [16, 18, 
20, 25, 29, 31] and four studies involved glioblastoma only 
[17, 21, 26, 30]. Except for one case-report describing an 
87-week intervention, the intervention period ranged from 4 
to 24 weeks. Most investigated either aerobic exercise only 
(40%) or mixed-mode (aerobic and resistance exercise; 40%), 
while two studies (20%) evaluated yoga (Table 3). Frequency 
of sessions and session duration ranged between one to six 
days per week and 15–60 mins, respectively. Exercise inten-
sity was moderate or higher as measured by rating of per-
ceived exertion or age-predicted heart rate maximum. Most 
studies involved some degree of supervision with a qualified 
exercise professional. Only one home-based study evaluated 
a completely unsupervised intervention [20, 29]. The remain-
ing studies were conducted either in a class/clinic setting, in-
patient or combination of clinic and home-based.

Feasibility, safety and acceptability

Recruitment and retention rates (not including case-reports) 
ranged from 25 [20] to 83% [26] and 58 [18] to 100% [16, 
17, 26], respectively (Supplementary Table 3). Reasons for 
not enrolling included being uninterested, lack of motivation, 
disease progression, physical limitations, and being too busy 
[16, 18, 20, 31]. Reasons for withdrawal or lost to follow-up 
included illness progression, travel, returning to work, and lack 
of motivation or time [16, 18, 20, 29, 31]. Safety was reported 
in all except two studies [17, 31], with one adverse event (par-
ticipant lost balance and fell, reporting soreness to the head) 
recorded [18]. Intervention adherence (average number of ses-
sions attended/sessions planned × 100%) ranged from 61 [18] 
to 100% [21, 25, 26]. Exercise adherence was reported in two 
studies as ≥ 75% of participants meeting exercise intensity and 
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duration (70 [20] to 100% [16]), mean distance cycled per ses-
sion (6.27 ± 1.29 km) [16], and mean MET-hours completed 
per week (43.7 MET-h/wk) [30]. The most common reason 
for session absence was illness/disease progression [18, 20]. 
The one study that assessed acceptability, patient-reported sat-
isfaction was rated as “good” to “excellent” by the majority 
(84%) [20].

Summary of exercise intervention outcomes

Level of evidence for any given outcome: III-4 to III-2. The 
effect of exercise on objectively-assessed outcomes and 
patient-reported outcomes are presented in Table 4. Evi-
dence from one RCT supports clinically- and statistically-
significant changes in overall symptoms severity [31]. Statis-
tically-significant differences (p < 0.05) in aerobic capacity, 
body composition and PA levels were supported by individ-
ual RCTs [20, 31]. Outcomes that were found to have a clin-
ically-significant improvement (although p > 0.05) included 
neurocognitive domains (particularly attentional inhibition, 
attention span and auditory select attention) [29, 31], mental 
health-related QoL and mood disturbance, all of which were 
supported by two, small sample (n = 20–34), RCTs [29, 31]. 
Symptom interference with daily life was measured in a sin-
gle RCT and had a clinically-significant change [31]. Within 
the RCTs no consistent change was observed in self-reported 
physical functioning [29, 31]. Two RCTs reported improve-
ments in fatigue and cognition, however these changes were 
only supported clinically in single studies [29, 31]

Preliminary evidence from case–control, pre-post 
intervention studies, and case-reports suggest that 

clinically-relevant improvements were observed in lower-
body strength, balance, QoL [18], symptom severity and 
interference total score [26], symptom severity related to 
brain cancer [31], brain tumour symptoms interference to 
daily life [17, 31], fatigue [18], and sleep [26] following 
exercise. While upper-body strength, physical functioning, 
and shortness of breath have also been assessed, no changes 
were observed [17, 18, 21, 25, 26, 29, 31].

Discussion

Following a brain cancer diagnosis, persistently low PA lev-
els were observed, with most patients failing to participate 
in PA levels recommended to cancer survivors [10, 32]. Yet, 
higher levels of PA post-diagnosis of brain cancer may be 
associated with better health outcomes, including higher 
QoL, fewer brain cancer specific concerns and potentially 
improved survival. Additionally, there is also preliminary 
evidence that suggests exercise interventions can be safe, 
feasible and beneficial for symptom management and 
improving aerobic capacity, body composition and PA lev-
els. However, the strength of this evidence is weak.

Similar to what is observed in other cancer cohorts, 
this review suggests the proportion of insufficiently active 
patients increases during treatment [33–36]. After treat-
ment, levels of PA are lower for patients with brain cancer 
(22–41% meeting guidelines) compared to more common 
cancers (e.g., mixed cohort of breast, colorectal, prostate 
cancer-54% meeting guidelines) [36]. This may be reflective 
of the unique challenges experienced by those with brain 

Table 3   Summary of study details for exercise intervention studies

Authors Sample size Treatment status Intervention details Assessed

During 
treatment

Post-treatment Aerobic 
exercise 
only

Aerobic and 
resistance 
exercise

Effect Feasibility Safety Accept-
ability

Case-reports
 Levin et al. [25] n = 2 x x x x x x
 Hansen et al. [21] n = 1 x x x x x
 Troschel et al. [30] n = 1 x x x x x

Pre-post intervention studies
 Capozzi et al. [18] n = 24 x x x x x
 Ayotte & Harro [16] n = 7 x x x x
 Milbury et al. [26] n = 5 x Yoga x x x

Case–control study
 Bartolo et al. [17] n = 43 x x x

Randomised, controlled trials
 Gehring et al. [20] n = 34 x x x x x x
 Milbury et al. [31] n = 20 x Yoga x x x
 Gehring et al. [29] n = 34 x x x



9Journal of Neuro-Oncology (2021) 153:1–14	

1 3

Ta
bl

e 
4  

S
um

m
ar

y 
of

 c
ha

ng
es

 (e
ith

er
 s

ta
tis

tic
al

ly
- o

r c
lin

ic
al

ly
-s

ig
ni

fic
an

t) 
ob

se
rv

ed
 in

 o
bj

ec
tiv

el
y-

as
se

ss
ed

 a
nd

 p
at

ie
nt

-r
ep

or
te

d 
ou

tc
om

es
 e

va
lu

at
ed

 in
 e

xe
rc

is
e 

in
te

rv
en

tio
n 

stu
di

es
 in

vo
lv

in
g 

pa
tie

nt
s w

ith
 b

ra
in

 c
an

ce
r

A
ut

ho
rs

A
er

ob
ic

 c
ap

ac
ity

U
pp

er
-b

od
y 

str
en

gt
h

Lo
w

er
-b

od
y 

str
en

gt
h

Fu
nc

tio
na

l c
ap

ac
ity

 
(w

al
k 

te
st)

Si
tti

ng
 b

al
an

ce
St

an
di

ng
 b

al
an

ce
G

ai
t

B
od

y 
co

m
po

si
tio

n
C

og
ni

tio
n

O
bj

ec
tiv

el
y-

as
se

ss
ed

 o
ut

co
m

es
 C

as
e-

re
po

rts
a

  H
an

se
n 

et
 a

l. 
[2

1]
cs

cs
cs

  L
ev

in
 e

t a
l. 

[2
5]

?
?

  T
ro

sc
he

l e
t a

l. 
[3

0]
cs

 P
re

-p
os

t i
nt

er
ve

nt
io

n 
stu

di
es

  C
ap

oz
zi

 e
t a

l. 
[1

8]
ss

cs
 ss

b ss
 

c

  A
yo

tte
 a

nd
 H

ar
ro

 [1
6]

  M
ilb

ur
y 

et
 a

l. 
[2

6]
d

 C
as

e–
co

nt
ro

l s
tu

di
es

  B
ar

to
lo

 e
t a

l. 
[1

7]
cs

cs
cs

 R
an

do
m

is
ed

, c
on

tro
lle

d 
tri

al
s

  G
eh

rin
g 

et
 a

l. 
[2

0]
d

ss
ss

  M
ilb

ur
y 

et
 a

l. 
[3

1]
e

  G
eh

rin
g 

et
 a

l. 
[2

9]
e,

 f
cs

g , 
h

i

A
ut

ho
rs

To
ta

l s
co

re
Q

ua
lit

y 
of

 li
fe

Fu
nc

tio
na

l 
(s

oc
ia

l, 
em

ot
io

na
l, 

oc
cu

pa
tio

na
l)

M
en

ta
l 

he
al

th
 re

la
te

d 
qu

al
ity

 o
f 

lif
ej

Ph
ys

ic
al

 
fu

nc
tio

n-
in

g

Sy
m

pt
om

 
in

te
rfe

r-
en

ce
 w

ith
 

da
ily

 li
fe

O
ve

ra
ll 

sy
m

pt
om

 
se

ve
rit

y

M
oo

d 
di

stu
r-

ba
nc

e

C
og

ni
tio

n
Sh

or
tn

es
s 

of
 b

re
at

h
Fa

tig
ue

 a
nd

 
tir

ed
ne

ss
Sl

ee
p 

qu
al

ity
 

or
 in

so
m

ni
a

Ph
ys

ic
al

 
ac

tiv
ity

Pa
tie

nt
-r

ep
or

te
d 

ou
tc

om
es

 C
as

e-
re

po
rts

a

  L
ev

in
 e

t a
l. 

[2
5]

?
?

cs
?

  H
an

se
n 

et
 a

l. 
[2

1]
 

k

  T
ro

sc
he

l e
t a

l. 
[3

0]
 P

re
-p

os
t i

nt
er

ve
nt

io
n 

stu
di

es
  C

ap
oz

zi
 e

t a
l. 

[1
8]

ss
 c

s
ss

 c
s

ss
 c

s

  A
yo

tte
 a

nd
 

H
ar

ro
 [1

6]
  M

ilb
ur

y 
et

 a
l. 

[2
6]

d,
l

ss
 ss

m
cs

ss
 c

s



10	 Journal of Neuro-Oncology (2021) 153:1–14

1 3

Ta
bl

e 
4  

(c
on

tin
ue

d)

A
ut

ho
rs

To
ta

l s
co

re
Q

ua
lit

y 
of

 li
fe

Fu
nc

tio
na

l 
(s

oc
ia

l, 
em

ot
io

na
l, 

oc
cu

pa
tio

na
l)

M
en

ta
l 

he
al

th
 re

la
te

d 
qu

al
ity

 o
f 

lif
ej

Ph
ys

ic
al

 
fu

nc
tio

n-
in

g

Sy
m

pt
om

 
in

te
rfe

r-
en

ce
 w

ith
 

da
ily

 li
fe

O
ve

ra
ll 

sy
m

pt
om

 
se

ve
rit

y

M
oo

d 
di

stu
r-

ba
nc

e

C
og

ni
tio

n
Sh

or
tn

es
s 

of
 b

re
at

h
Fa

tig
ue

 a
nd

 
tir

ed
ne

ss
Sl

ee
p 

qu
al

ity
 

or
 in

so
m

ni
a

Ph
ys

ic
al

 
ac

tiv
ity

 C
as

e–
co

nt
ro

l s
tu

di
es

  B
ar

to
lo

 e
t a

l. 
[1

7]
cs

n
cs

o
cs

 R
an

do
m

is
ed

, c
on

tro
lle

d 
tri

al
s

  G
eh

rin
g 

et
 a

l. 
[2

0]
d

ss

  M
ilb

ur
y 

et
 a

l. 
[3

1]
e

cs
cs

ss
 c

s
cs

cs

  G
eh

rin
g 

et
 a

l. 
[2

9]
e,

f
cs

cs
cs

 P
os

iti
ve

 o
ut

co
m

e
 N

eg
at

iv
e 

ou
tc

om
e

 n
o 

ch
an

ge
? 

Va
rie

d 
re

su
lts

 
(c

as
e-

re
po

rts
 o

nl
y)

cs
 =

 cl
in

ic
al

ly
 si

gn
ifi

ca
nt

ss
 =

 st
at

ist
ic

al
ly

 si
gn

ifi
ca

nt

a  O
ut

co
m

es
 w

ith
 c

ha
ng

es
 o

f ≥
 20

%
 w

er
e 

co
ns

id
er

ed
 c

lin
ic

al
ly

-r
el

ev
an

t f
or

 c
as

e-
re

po
rts

b  D
ec

re
as

e 
in

 to
ta

l w
ai

st 
ci

rc
um

fe
re

nc
e 

m
ea

su
re

c  N
o 

si
gn

ifi
ca

nt
 c

ha
ng

e 
in

 b
od

y 
w

ei
gh

t, 
ch

es
t, 

hi
p 

or
 b

ic
ep

 c
irc

um
fe

re
nc

e
d  W

ith
in

 g
ro

up
 a

na
ly

si
s

e  B
et

w
ee

n 
gr

ou
p 

an
al

ys
is

f  Pr
es

en
te

d 
eff

ec
t s

iz
es

 fo
r o

ut
co

m
es

. A
n 

eff
ec

t s
iz

e 
of

 ≥
 0.

5 
(m

ed
iu

m
 o

r g
re

at
er

) w
er

e 
co

ns
id

er
ed

 c
lin

ic
al

ly
-r

el
ev

an
t

g  A
tte

nt
io

n 
(a

tte
nt

io
na

l i
nh

ib
iti

on
, a

tte
nt

io
n 

sp
an

 a
nd

, a
ud

ito
ry

 se
le

ct
 a

tte
nt

io
n 

an
d 

w
or

ki
ng

 m
em

or
y)

h  A
tte

nt
io

n 
(in

fo
rm

at
io

n 
pr

oc
es

si
ng

 sp
ee

d)
, m

em
or

y 
(im

m
ed

ia
te

 v
er

ba
l r

ec
al

l) 
an

d 
ex

ec
ut

iv
e 

fu
nc

tio
n 

(a
lte

rn
at

in
g 

at
te

nt
io

n/
sh

ift
in

g,
 a

ud
ito

ry
 w

or
ki

ng
 m

em
or

y/
sh

ift
in

g)
i  A

tte
nt

io
n 

(s
us

ta
in

ed
 se

le
ct

iv
e 

at
te

nt
io

n)
j  M

en
ta

l h
ea

lth
 c

om
po

ne
nt

 su
m

m
ar

y 
of

 th
e 

sh
or

t f
or

m
 3

6 
(S

F-
36

)
k  Em

ot
io

na
l f

un
ct

io
ni

ng
 a

nd
 ro

le
 fu

nc
tio

ni
ng

 re
m

ai
ne

d 
st

ab
le

; a
nd

 so
ci

al
 fu

nc
tio

ni
ng

 d
ec

re
as

ed
l  St

at
ist

ic
al

 si
gn

ifi
ca

nc
e =

 p 
≤

 0.
1 

as
 sp

ec
ifi

ed
 b

y 
or

ig
in

al
 p

ap
er

m
 M

D
 A

nd
er

so
n 

sy
m

pt
om

 in
ve

nt
or

y 
co

re
 sy

m
pt

om
s a

nd
 in

te
rfe

re
nc

e—
to

ta
l s

co
re

n  Fu
nc

tio
na

l i
nd

ep
en

de
nc

e 
m

ea
su

re
 (F

IM
) t

ot
al

 sc
or

e
o  Fu

nc
tio

na
l I

nd
ep

en
de

nc
e 

m
ea

su
re

 (F
IM

) a
ct

iv
iti

es
 o

f d
ai

ly
 li

vi
ng

 su
bs

ca
le



11Journal of Neuro-Oncology (2021) 153:1–14	

1 3

cancer including disease- and treatment-related side-effects, 
such as instability and fatigue, which make engaging in PA 
and exercise particularly difficult [6, 8, 37]. Limitations of 
the reviewed studies include: weaker study design (mostly 
cross-sectional), high attrition rates, mixed cohorts (mostly 
newly diagnosed) and lack of objective PA measurement. 
These limitations likely influence our findings towards over-
estimates of PA levels rather than underestimates. This raises 
questions whether the PA targets [10, 32] set for all cancer 
survivors are realistic and achievable for the brain cancer 
population.

Consistent with the literature from other cancer cohorts 
[38], this review identified higher PA was associated with 
better QoL and lower brain cancer treatment-associated 
symptoms, although findings were supported statistically by 
only one prospective study. Further, we found preliminary 
evidence from exercise trials (including two RCTs) which 
supports exercise as beneficial to specific health outcomes, 
including overall symptom severity, aerobic capacity, body 
composition, neurocognitive domains, mental-health related 
QoL, mood and PA. However, limitations necessitate caution 
in the interpretation of these findings. Within the observa-
tional PA literature, limitations include small sample sizes, 
heterogenous samples within and between studies, high 
attrition rates and lack of objective PA assessment. Within 
the exercise trial literature, there is a lack of RCTs, limited 
number of studies contributing to the evidence-base for any 
given outcome and small and heterogenous samples.

Although exercise was deemed feasible, the wide range in 
recruitment and retention rates suggest that integrating exer-
cise for brain cancer is complex. Participants were mostly 
newly diagnosed and those with comorbidities and signifi-
cant side-effects (e.g., cardiac disease, neurological deficits) 
were deemed ineligible to participate [16, 18, 20]. This pre-
sents a potential recruitment bias which has been observed 
in other cancer populations (but is potentially exaggerated in 
brain cancer) [39], whereby only the ‘more well’ patient vol-
unteers or is eligible to participate. Adverse events were few 
and mild suggesting exercise is safe. However, safety evalu-
ation in exercise oncology has been identified as an area in 
need of improvement [40]. Therefore, it is plausible that risk 
of adverse events through exercise may be underestimated. 
Except for one study, all trials involved highly supervised 
exercise. As such, the safety of unsupervised exercise fol-
lowing brain cancer remains unclear. This is an issue as 
access to exercise services is inequitable, with lower socio-
economic status or those living in rural/regional areas less 
likely to have access to supervised exercise compared with 
their higher socioeconomic or urban counterparts [41–43]. 
The appropriateness of telehealth as an alternative to face-
to-face supervision may be an important future research 
direction, particularly in the COVID-19 context [44].

Whilst acknowledging the numerous limitations, 
encouragingly, there are trends of improvement in health 
outcomes and exercise is safe and feasible. Further, viewed 
in the context of the robust and strong wider PA and exer-
cise oncology evidence-base, findings presented in this 
review suggest that it is likely relevant and important to 
encourage those with brain cancer to be physically active 
from diagnosis through to post-treatment. It is also clear 
that the brain cancer cohort has unique challenges that 
may influence patient interest, acceptance and feasibility 
of engaging in PA: even if benefits can be derived through 
PA, brain cancer survivorship may make attaining these 
benefits only possible for a subgroup. There is a need for 
future research to inform what may constitute realistic PA 
targets for this cohort and whether these targets should 
differ according to brain cancer subtype and/or survivor-
ship stage. Based on the current evidence, cautious inter-
pretation of the potential benefits of PA and exercise is 
warranted.

Overall, higher quality, population-based, longitudi-
nal studies investigating PA levels from time of diagno-
sis throughout treatment and post-treatment are needed 
to better understand rates and patterns of PA. Findings 
from higher quality research (e.g., larger RCTs) will better 
articulate who can benefit through exercise and in what 
way. Given brain cancer is rare, this will likely require 
multi-centre, national or international trials to ensure suf-
ficient numbers for adequately-powered analysis of out-
comes. Until findings from future trials become available, 
it is likely appropriate to promote and encourage those 
with brain cancer to be physically active in as many ways 
as possible. However, the need or ability of those with 
brain cancer to meet current PA guidelines promoted to all 
people with cancer remains unclear. In line with exercise 
prescription guidelines, a tailored, individualised approach 
to exercise prescription which accommodates fluctuating 
symptoms and unique circumstances (e.g. stage of dis-
eases, functional capacity, treatment toxitcity) that present 
alongside brain cancer is necessary [45–47].
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