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Objective. Lung cancer (LC) patients sufer from multiple cooccurring symptoms. Interventions that have the potential to impact
more than one symptom within a symptom cluster should be identifed. Te aim of this review was to examine non-
pharmacological interventions that were efective in the management of one or more of the following symptoms in LC patients:
dyspnea, fatigue, physical functioning (PF), and role functioning (RF).Methods. Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) was used for reporting this systematic review. Te Cochrane Central Register of Controlled Trials
(CENTRAL), MEDLINE (using the PubMed interface), Embase (using the embase.com interface), and Web of Science were used
as electronic databases. Randomized controlled studies were included if they assessed the efects of nonpharmacological in-
terventions on dyspnea, fatigue, PF, and/or RF in patients with LC. Studies were evaluated with the Cochrane risk of bias tool, and
relevant data were extracted and narratively summarized. Results and Conclusions. In total, 89 articles were included. Search
results (until April 2023) show that most evidence was found for exercise interventions, followed by multicomponent, psy-
choeducational, diet, acupuncture, and other interventions. Studies that had an efect on multiple symptoms were observed to
have the most frequent instances of positively afecting dyspnea, followed by PF, fatigue, and RF.

1. Introduction

Lung cancer (LC) is one of the leading causes of global
cancer incidence and mortality. Worldwide, an estimated
2.21 million new LC cases and 1.8 million deaths occurred in
2020. In most countries, the 5-year survival rate of LC ranges
from 10% to 20% [1]. LC patients often experience a variety
of symptoms as a result of their disease and treatments,
which afect their overall health-related quality of life
(HRQoL) [2, 3]. Literature shows that the most common
symptoms in LC patients include coughing, dyspnea, fatigue,

insomnia, pain, and anxiety [4–7]. In addition, LC patients
often sufer from multiple cooccurring symptoms at the
same time, referred to as “symptom clusters (SCs)” [2].

SCs are generally defned as “two or more symptoms that
are related to each other and that occur together” [8]. SCs
may share a common underlying etiology or mechanism [9],
and symptoms within a cluster can reinforce or weaken each
other. Consequently, the presence of SCs has a worse impact
on the patients’ general HRQoL compared to single
symptoms [9]. Currently, interventions to improve HRQoL
are mainly focused on individual symptoms rather than
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focusing on multiple coexisting symptoms leading to
a multitude of interventions and thus a signifcant overload
and burden of care for patients [9]. Ideally, interventions to
improve HRQoL in LC patients should aim at targeting
multiple symptoms within an SC by addressing one or two
symptoms and therefore alleviating the severity of other
symptoms within that SC. Tis way, greater gains in a pa-
tients’ HRQoL can potentially be achieved, and patient care
can be simplifed. Furthermore, identifying SCs is important
to anticipate on other symptoms within a cluster and to
uncover possibly overlooked symptoms.

A previous study by our research team performed
machine learning analyses on the REQUITE database to
build a prediction model for SCs along the LC trajectory in
patients receiving radiotherapy [10]. Tis study showed that
the SC with the highest prevalence across timepoints and the
worst impact on the patients’ HRQoL included the following
dimensions: dyspnea, fatigue, physical functioning, and role
functioning (respectively, PF and RF) [11]. Hence, it is
important to tackle one or two symptoms within that cluster
to potentially alleviate the burden of other symptoms within
that cluster and consequently improve the HRQoL of LC
patients. For the purpose of this review, the authors refer to
dyspnea, fatigue, PF, and RF as symptoms, acknowledging
that PF and RF are, however, not symptoms but domains of
functioning.

Evidence in the literature suggests that non-
pharmacological interventions such as exercise or psycho-
social interventions have a positive impact on symptoms
within the dyspnea, fatigue, PF, and RF cluster [12, 13].
However, it is important to identify which interventions
have the potential to impact more than one symptom within
that SC. To date, it is not clear which nonpharmacological
interventions have an impact on multiple symptoms within
the dyspnea, fatigue, PF, and RF cluster in LC patients.
Terefore, the purpose of this review is to systematically
review nonpharmacological interventions that have shown
to be efective in the management of one or more of the
following symptoms in LC patients: dyspnea, fatigue, PF,
and RF.

2. Methods

2.1. Protocol and Registration. Te methodology and
reporting were based on recommendations from the
Cochrane Collaboration [14] and the preferred reporting
items for systematic reviews and meta-analysis statement
(PRISMA [15]). Tis review was conducted according to the
protocol previously published in the PROSPERO register
(registration number CRD42021291926).

2.2. Search Strategy. We searched for studies published from
inception until April 18, 2023. Te following electronic
databases were searched: the Cochrane Central Register of
Controlled Trails (CENTRAL), MEDLINE (using the
PubMed interface), Embase (using the embase.com in-
terface), and Web of Science. Only articles with full texts in
English were considered for this systematic review. Te

search strategies are presented in Supplementary File 1.
Search terms combined “lung cancer,” “RCT,” and one or
more symptoms of the SC.

2.3. Screening and Selection of Studies. Te PICO(S) frame-
work was used to select eligible studies [16]. Eligible study
designs were randomized controlled studies (RCTs) to assess the
efects of nonpharmacological interventions on dyspnea, fa-
tigue, PF, and/or RF before, during, and after LC treatment.We
included studies with adults (>18years of age) with medically
confrmed diagnosis of any type of LC and receiving any type of
LC treatment. Although the SC being investigated was chosen
based on a previous study in LC patients treated with radio-
therapy only, symptoms within that cluster are common across
diferent treatment types. Studies involving participants with
a range of cancers and separately reported results for patients
with LC were also included. Te interventions had to be
compared with a control group (e.g., no intervention, standard
of care, or a waiting list control). Studies were included if they
measured the following patient- or clinician-reported outcomes:
dyspnea, fatigue, PF, and/or RF. Outcomes could be measured
with any validated or nonvalidated questionnaire, objective
measurement tool, or physical test.

2.4. Data Extraction. All references found through the
search process were transferred to EndNote. After removing
duplicates, all references were imported into Rayyan for
screening purposes. Irrelevant studies, based on title and
abstract, were excluded by two review authors (ER and LP).
Te same review authors assessed full-text reports for eli-
gibility. Data extraction was performed by two review au-
thors (EB and ER) with a modifed Efective Practice and
Organisation of Care (EPOC) data collection form of the
Cochrane collaboration [17]. Discrepancies were resolved
through consensus.Te data collection formwas pilot-tested
with three of the included studies.

2.5. Critical Appraisal and Data Synthesis. Risk of bias was
assessed with at least two authors using the Cochrane
Collaboration’s tool for assessing risk of bias 2.0 (EB and two
master students) which scores six domains of bias: selection
bias, performance bias, detection bias, attrition bias,
reporting bias, and other bias [18]. Only the fndings from
the included studies which have a statistically signifcant
impact on multiple symptoms within the dyspnea-fatigue-
PF-RF cluster are summarized in the main results section as
the focus of this systematic review is to investigate which
interventions are efective on more than one symptom.
Studies showing a signifcant impact on only one or none of
the symptoms within the SC are presented in Supplementary
fles 2–4.

3. Results

A total of 5375 articles were identifed through the database
search. After the removal of duplicates, 3259 articles were
screened for eligibility. Following the screening of the
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abstracts, 2990 articles were excluded. Full-text screening
was carried out for 282 articles, out of which 89 studies were
selected for fnal synthesis. Te PRISMA diagram for the
study selection process is shown in Figure 1.

3.1. Study Characteristics. Te sample sizes of the included
studies ranged from 11 [19] to 549 patients [20]. Most study
participants across studies were older adults and male pa-
tients.Te treatments consisted of surgery [21–45], radiation
[46], chemo [47–67], targeted therapy [68–70], or a mix of
therapies [20, 56, 57, 59–61, 64, 65, 71–92]. A detailed
overview of the study and participant characteristics is
shown in Table 1 (i.e., only studies with signifcant efects on
more than one symptom) and Supplementary File 2 (i.e., all
included studies).

Most of the included studies conducted an exercise
intervention (n� 31). Twenty-two studies conducted a psy-
choeducational intervention, six studies used acupuncture/
acupressure, six studies implemented a nutritional in-
tervention, and 19 studies combined diferent (one or more)
types of interventions (multicomponent interventions). Five
articles conducted an intervention type that we could not
classify into one of the previous categories. A detailed
overview of the intervention regimens is shown in Table 2
(i.e., only studies with signifcant efects on more than one
symptom) and Supplementary File 3 (i.e., all included
studies). Figure 2 shows the signifcantly improved symp-
toms for each intervention type (only studies with signifcant
efects on more than one symptom).

Of the 89 included studies, 33 (37%) studies measured
only one symptom of the SC, 34 (38%) studies measured two
symptoms of the SCs, and 10 (11%) studies measured three
symptoms of the SC. Twelve studies (13%) measured all four
of the symptoms within the SC.

3.2. Exercise Interventions. 31 of 89 included articles con-
ducted an exercise intervention. Te majority of the single-
component exercise interventions (n � 21) were (super-
vised) in the hospital [21, 23, 24, 28, 33, 35, 41, 43, 45, 51, 54,
60, 61, 68, 72, 79, 82, 83, 85, 87], two studies were per-
formed at home or in the community setting [67, 78], and
eight exercise interventions were conducted both in the
hospital and at home [22, 25, 26, 29, 36, 42, 58, 94]. Te
exercise interventions were delivered preoperatively
[23, 35, 36, 42, 43], postoperatively [21, 22, 24–26, 29, 58,
72, 78, 82, 85], or both pre- and postoperatively

[28, 33, 41, 45], during [74] or after radiotherapy [82, 83],
during [51, 54, 60, 61, 67, 74, 79] or after [72, 82, 83]
chemotherapy or during chemoradiotherapy [79], and
during targeted therapy [68, 74]. Molassiotis et al. [94]
recruited LC patients who were not currently receiving
chemotherapy and/or radiotherapy. Tan et al. [87] did not
report about the treatment and the timing of the in-
tervention. Detailed information about the intervention
characteristics and efects of the interventions is shown in
Table 2 and Figure 2 (i.e., only studies with signifcant
efects on more than one symptom) and Supplementary
Files 3 and 4 (i.e., all included studies).

Fourteen articles reported statistically signifcant
changes in one symptom (mostly PF) within the SC
[21–23, 26, 29, 33, 35, 36, 60, 67, 72, 82, 85, 87]. Six articles
showed statistically signifcant benefts on two symptoms
within the SC (PF and dyspnea [45, 51, 60, 78], PF and RF
[42], and dyspnea and fatigue [94]). In all six studies, the
exercise interventions consisted of breathing exercises (e.g.,
inspiratory muscle training (IMT) and breathing tech-
niques). In addition, four studies consisted of endurance and
strength training [42, 51, 60, 78] of which one study in-
vestigated a high-intensity interval training (HIIT) tailored
to the individual [78].

3.3. Diet Interventions. Six articles included a diet in-
tervention consisting of nutritional counseling [96, 97] or
oral supplements [55, 62, 65, 88]. Te interventions were
performed during treatment: chemotherapy [55, 62, 65,
96, 97], radiotherapy [97], immunotherapy [96], targeted
therapy [96], or combined chemoradiotherapy [88, 96, 97]
and chemoimmunotherapy [96]. In the study by Gioxari
et al. [96], the nutritional intervention was also given to
patients undergoing surgery. In addition to nutritional
support during treatment, the study by Kiss et al. [97]
provided nutritional guidance prior and after chemo-
radiotherapy. Te duration of the interventions ranged from
fve weeks [88] to 12weeks [96, 97]. Detailed information
about the intervention characteristics and efects of the
interventions is shown in Table 2 and Figure 2 (i.e., only
studies with signifcant efects on more than one symptom)
and Supplementary Files 3 and 4 (i.e., all included studies).

Of the six included studies, two articles reported sta-
tistically signifcant changes in one of the symptoms, fatigue
[62], and physical functioning [88], within the SC, and two
studies reported signifcant improvements in three symp-
toms within the SC [55, 65]: i.e., fatigue, dyspnea, and RF
[65]/PF [55]. Characteristics of the studies are shown in
Table 1. Te study consisted of the intake of botanicals such
as fermented red ginseng extract [55] during chemotherapy.
Detailed information about the intervention is shown in
Table 2. A similar study in terms of characteristics did not
fnd statistically signifcant efects in one of our outcomes of
interest [65]. Two studies focusing on oral supplements
(both n-3 fatty acids supplements) showed statistically
signifcant changes in one symptom (i.e., PF or fatigue)
[62, 88], while the two studies focusing on nutritional
counseling did not fnd statistically signifcant efects. De-
tailed information about the interventions is shown in
Table 2.

3.4. Psychoeducational Interventions. Twenty-two of 89 in-
cluded studies investigated the efects of a psychoeducational
intervention.Te psychoeducational interventions consisted
either of treatment preparation [98], support, or assistance
[20, 31, 39, 46, 47, 49, 53, 59, 63, 66, 69, 70, 81, 84, 92,
98–103]. Interventions ranged from motivational inter-
viewing, self-efcacy enhancing interventions, acceptance
and commitment therapy, and wellness education, to sup-
portive peer group interventions. Te interventions were
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delivered postoperatively [20, 31, 39, 81, 100, 101], during
[20, 47, 49, 53, 59, 63, 66, 84, 92, 103] or postchemotherapy
[53, 81, 100, 101], during [20, 46, 84, 103] or post-
radiotherapy [81, 100, 101], or after combined chemo-
radiotherapy [81, 101], during hormone therapy [20],
targeted therapy [69, 70, 92, 103], or immunotherapy [103].
Porter et al. delivered a psychoeducational intervention at
any point in the illness trajectory by patients undergoing
surgery, chemotherapy, or radiotherapy. Krug et al. [99] and
Li et al. [80] did not report about a specifc treatment [80, 99]
while the authors of [102] did not report about the timing of
the intervention. Duration of the psychoeducational in-
terventions ranged from 4 sessions of 30minutes [103] to
12months [100]. Detailed information about the in-
tervention characteristics and efects of the interventions is
shown in Table 2 and Figure 2 (i.e., only studies with sig-
nifcant efects on more than one symptom) and Supple-
mentary Files 3 and 4 (i.e., all included studies).

Of the 22 included studies, fve articles reported statis-
tically signifcant changes in one of the symptoms within the
SC [20, 31, 59, 63, 66]. Two studies reported statistically

signifcant changes in more than one symptom, i.e., dyspnea
and fatigue [39, 46]. One intervention consisted of a 40min
educational package on symptom management and
coaching in progressive muscle relaxation (PMR) delivered
by nurses one week prior to the beginning of the course of
radiotherapy (RT) and repeated three weeks after com-
mencing RT. Patients were encouraged to practice PMR
daily for 12weeks [46]. Te other intervention was
a 90minute supportive peer group psychotherapy once
a week for eight weeks [39].

3.5. Multicomponent Intervention. 19 studies investigated
the efects of interventions combining one or more of the
previous intervention types (i.e., exercise, diet and/or psy-
choeducational interventions, and acupressure). 13 studies
combined exercise with psychoeducation [30, 38, 40, 44,
50, 58, 71, 75–77, 86, 104, 105]. One study combined exercise
with a diet intervention [27]. Tree studies combined ex-
ercise with an acupressure intervention and psycho-
education [91, 95, 106], and one study combined exercise,
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oğ
an

an
d
Ta
şc
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şc
ı,

20
20
,T

ur
ke
y
[4
8]

31
U
su
al

ca
re

29
56

se
ss
io
ns

of
ac
up

re
ss
ur
e

A
cu
po

in
ts
:L

U
-1
,L

U
-1
0,

P-
6

Po
st
tr
ea
tm

en
t

18
m
in

2x
/d
ay

4
w
ee
ks

H
om

e

Ta
ng

et
al
.2

01
4,

Ta
iw
an

[6
4]

16
Sh

am
ac
up

re
ss
ur
e

A
cu
pr
es
su
re

w
ith

es
se
nt
ia
lo

ils
A
cu
po

in
ts
:L

14
,S

T3
6,

SP
6

A
cu
pr
es
su
re

on
ly

A
cu
po

in
ts
:L

14
,S

T3
6,

SP
6

D
ur
in
g

tr
ea
tm

en
t

6
m
in

D
ai
ly

5
m
on

th
s

H
om

e

D
ie
t
in
te
rv
en
tio

ns
Jia

ng
et

al
.2

01
7,

C
hi
na

an
d
K
or
ea

[5
5]

26
C
he
m
ot
he
ra
py

al
on

e
34

30
0
m
g
of

fe
rm

en
te
d
re
d

gi
ns
en
g
(F
RG

)
ex
tr
ac
t

ad
di
tio

na
lc

he
m
ot
he
ra
py

D
ur
in
g

tr
ea
tm

en
t

—
D
ai
ly

60
da
ys

H
om

e

Ti
an

et
al
.2

01
0,

C
hi
na

[6
5]

20

C
he
m
ot
he
ra
py

(t
re
at
ed

w
ith

vi
no

re
lb
in
e
pl
us

ci
sp
la
tin

(N
P)

or
ge
m
ci
ta
bi
ne

pl
us

ci
sp
la
tin

(G
P)

20
Fe
iji

re
ci
pe

(g
ro
up

A
)

D
ur
in
g

tr
ea
tm

en
t

—

O
ne

tr
ea
tm

en
tc

on
ta
in
ed

25
0
m
lo

fh
er
ba
l

pr
ep
ar
at
io
n,

ea
ch

su
bj
ec
t

re
ce
iv
ed

tw
o
tr
ea
tm

en
ts

a
da
y

2
m
on

th
s

H
om

e

Ps
yc
ho
ed
uc
at
io
na

li
nt
er
ve
nt
io
ns

C
ha
n
et

al
.2

01
1,

U
K

an
d
H
on

g
K
on

g
[4
6]

70
U
su
al

ca
re

70

A
dd

iti
on

al
to

us
ua
lc

ar
e

(a
)
Ed

uc
at
io
na
lp

ac
ka
ge

(b
)
Pr
og
re
ss
iv
e
m
us
cl
e

re
la
xa
tio

n
(P
M
R)

(c
)
Te
le
ph

on
e
re
m
in
de
r
to

en
ha
nc
e
pa
rt
ic
ip
at
io
n
in

th
e

w
ee
k
3
se
ss
io
ns

D
ur
in
g

(a
)
40

m
in

(b
)
N
R

(c
)
N
R

(a
)
2
se
ss
io
ns
:o

ne
w
ee
k

pr
io
r
to

th
e
be
gi
nn

in
g
of

th
e
co
ur
se

of
RT

,a
nd

re
in
fo
rc
ed

3
w
ee
ks

af
te
r

co
m
m
en
ci
ng

RT
(b
)
D
ai
ly

(c
)
A
tt
he

en
d
of

th
e

se
co
nd

w
ee
k

12
w
ee
ks

of
PM

R
H
os
pi
ta
l

European Journal of Cancer Care 11



Ta
bl

e
2:

C
on

tin
ue
d.

St
ud

y,
au
th
or
,

ye
ar
,c
ou

nt
ry

C
on

tr
ol

gr
ou

p
In
te
rv
en
tio

n
gr
ou

p

N
C

C
on

te
nt

co
nt
ro
lg

ro
up

N
I

C
on

te
nt

of
in
te
rv
en
tio

n
Ti
m
in
g

D
ur
at
io
n

Fr
eq
ue
nc
y

D
ur
at
io
n
of

in
te
rv
en
tio

n
Se
tti
ng

Pe
ng

et
al
.2

01
9,

C
hi
na

[3
9]

78
U
su
al

ca
re

82

Su
pp

or
tiv

e
gr
ou

p
ps
yc
ho

th
er
ap
y:

ea
ch

se
ss
io
n
is

ba
se
d
ar
ou

nd
8
th
em

es
(e
xp
lo
ra
tio

n
of

lif
e
st
or
ie
s,

im
pl
ic
at
io
ns

of
liv
in
g
w
ith

ca
nc
er
,s
tr
es
s
co
pi
ng

,
m
in
df
ul
ne
ss

an
d
fe
el
in
g

an
xi
ou

s,
re
la
tio

ns
hi
ps

an
d

su
pp

or
t,
se
lf-
id
en
tit
y,

ho
pe
,

an
d
m
ov
in
g
fo
rw

ar
d)
,w

ith
in

ea
ch

se
ss
io
n
op

po
rt
un

ity
fo
r

in
di
vi
du

al
ex
pr
es
sio

n,
gr
ou

p
di
sc
us
sio

n,
te
ac
hi
ng

,a
nd

pr
ob

le
m
-s
ol
vi
ng

Po
st
tr
ea
tm

en
t

90
m
in

1x
/w

ee
k

8
w
ee
ks

H
os
pi
ta
l

M
ul
tic
om

po
ne
nt

in
te
rv
en
tio

ns

C
he
ng

20
22
,

C
hi
na

[2
7]

29
Ro

ut
in
e
nu

rs
in
g

29

Lu
ng

re
ha
bi
lit
at
io
n
th
er
ap
y

ad
di
tio

na
lt
o
ro
ut
in
e
nu

rs
in
g:

(a
)E

xe
rc
ise

tr
ai
ni
ng

:l
ow

er
an
d

up
pe
rl
im

b
m
us
cl
e
tr
ai
ni
ng

,t
he

w
ho

le
ph

ys
ic
al

ex
er
ci
se

(b
)R

es
pi
ra
to
ry

m
us
cl
e
tr
ai
ni
ng

(c
)
N
ut
ri
tio

na
lt
he
ra
py

Po
st
tr
ea
tm

en
t

—
(a
)
3-
5x
/w

ee
k

(b
)
—

(c
)
—

12
w
ee
ks

H
os
pi
ta
l

12 European Journal of Cancer Care



Ta
bl

e
2:

C
on

tin
ue
d.

St
ud

y,
au
th
or
,

ye
ar
,c
ou

nt
ry

C
on

tr
ol

gr
ou

p
In
te
rv
en
tio

n
gr
ou

p

N
C

C
on

te
nt

co
nt
ro
lg

ro
up

N
I

C
on

te
nt

of
in
te
rv
en
tio

n
Ti
m
in
g

D
ur
at
io
n

Fr
eq
ue
nc
y

D
ur
at
io
n
of

in
te
rv
en
tio

n
Se
tti
ng

H
of

m
an

et
al
.

20
17
,U

S
[3
0]

36
U
su
al

ca
re

37

(a
)
In
iti
al

ho
m
e
vi
sit

(c
on

ne
ct
in
g
th
e
N
in
te
nd

o
W
ii

ft
pl
us
,t
ea
ch
in
g
th
e
ex
er
ci
se

in
te
rv
en
tio

n,
an
d
re
in
fo
rc
in
g

th
e
C
RF

se
lf-
m
an
ag
em

en
t

ed
uc
at
io
n
an
d
ex
er
ci
se

sa
fe
ty

(b
)
Ph

on
e
vi
sit

(t
o
an
sw

er
an
y

qu
es
tio

ns
an
d
co
nc
er
ns

re
ga
rd
in
g
th
e
in
te
rv
en
tio

n)
(c
)
Fo

llo
w
-u
p
ho

m
e
vi
sit

(w
ith

ad
di
tio

na
lv

isi
ts

sc
he
du

le
d
on

re
qu

es
to

ft
he

pa
rt
ic
ip
an
t)
:

te
ac
hi
ng

se
lf-
ef

ca
cy

C
RF

se
lf-
m
an
ag
em

en
t
ed
uc
at
io
ns

(d
)
D
ia
ry

(t
o
re
co
rd

ex
er
ci
se

ac
tiv

ity
ea
ch

w
ee
k)

(e
)E

xe
rc
ise

pr
og
ra
m

(w
ar
m
-u
p

w
al
ki
ng

an
d
ba
la
nc
e
ex
er
ci
se
s;

w
ith

th
e
go
al

of
w
al
ki
ng

w
ith

th
e
W
ii
of

30
m
in
ut
es

pe
r
da
y

du
ri
ng

w
ee
k
6)

(f
)
Ex

er
ci
se

pr
og
ra
m

sa
fe
ty

ch
ec
kl
ist

(t
o
re
vi
ew

en
su
ri
ng

sa
fe
ty

pr
io
r
to

th
e
st
ar
t
of

ex
er
ci
se
)

Po
st
tr
ea
tm

en
t

—

(a
)
A
ts

ta
rt

(b
)
W
ith

in
24

ho
ur
s
af
te
r

in
iti
al

ho
m
e
vi
sit

(c
)
A
ts
ta
rt

of
w
ee
k
2,

th
e

av
er
ag
e
nu

m
be
r
of

ho
m
e

vi
sit
s�

2.
8

(d
)
D
ai
ly
,e
ac
h
w
ee
k

(e
)
D
ur
at
io
n
of

w
ar
m
-u
p

w
al
ki
ng

bu
ilt

up
fr
om

5
m
in
ut
es

pe
r
da
y
fo
r

5
da
ys

du
ri
ng

w
ee
k
1
to

5
m
in
ut
es

pe
r
da
y
ea
ch

w
ee
k.

5
da
ys

pe
r
w
ee
k
fo
r

6
w
ee
ks

ba
la
nc
e
ex
er
ci
se
s

(f
)
Pr
ov
id
ed

pr
io
r
to

th
e

st
ar
t
of

ex
er
ci
se

H
om

e

Q
ui
st

et
al
.2

01
8,

D
en
m
ar
k
[4
0]

11
9

La
te

in
iti
at
ed

po
st
op

er
at
iv
e

re
ha
bi
lit
at
io
n
(1
4
w
ee
ks

af
te
r

su
rg
er
y
(L
RG

))
11
6

Ea
rly

in
iti
at
ed

po
st
op

er
at
iv
e

re
ha
bi
lit
at
io
n
(1
4
da
ys

af
te
r

su
rg
er
y
(E
RG

))
(a
)
G
ro
up

-b
as
ed

ex
er
ci
se

se
ss
io
ns

(t
he

ex
er
ci
se

co
ns
ist
ed

of
an

in
di
vi
du

al
ly

pr
ep
ar
ed

su
pe
rv
ise

d
st
re
ng

th
ex
er
ci
se

an
d
a
gr
ou

p-
ba
se
d

ca
rd
io
va
sc
ul
ar

ex
er
ci
se
)

(b
)
in
di
vi
du

al
co
un

se
lin

g
se
ss
io
ns

(c
)
an
d
gr
ou

p-
ba
se
d
le
ss
on

s
in

he
al
th
-p
ro
m
ot
in
g
be
ha
vi
or

d.
If
th
ep

ar
tic
ip
an
ts
ha
d
sp
ec
ia
l

ne
ed
s
in

te
rm

s
of

sm
ok

in
g

ce
ss
at
io
n,

nu
tr
iti
on

al
co
un

se
lin

g,
or

pa
tie
nt

ed
uc
at
io
n,

th
is
w
as

of
er
ed

to
o

Po
st
tr
ea
tm

en
t

(a
)
60

m
in

(b
)
—

(c
)
—

(a
)
2x
/w

ee
k

(b
)
3
se
ss
io
ns

(c
)
3
le
ss
on

s
12

w
ee
ks

H
os
pi
ta
l

European Journal of Cancer Care 13



Ta
bl

e
2:

C
on

tin
ue
d.

St
ud

y,
au
th
or
,

ye
ar
,c
ou

nt
ry

C
on

tr
ol

gr
ou

p
In
te
rv
en
tio

n
gr
ou

p

N
C

C
on

te
nt

co
nt
ro
lg

ro
up

N
I

C
on

te
nt

of
in
te
rv
en
tio

n
Ti
m
in
g

D
ur
at
io
n

Fr
eq
ue
nc
y

D
ur
at
io
n
of

in
te
rv
en
tio

n
Se
tti
ng

Su
na
ha
ra

et
al
.

20
23
,J
ap
an

[8
6]

18
Po

st
op

er
at
iv
e
re
ha
bi
lit
at
io
n

pr
og
ra
m

16

Po
st
op

er
at
iv
e
re
ha
bi
lit
at
io
n

pr
og
ra
m

an
d
re
ce
iv
ed

ph
ys
ic
al

ac
tiv

ity
in
st
ru
ct
io
n

pr
eo
pe
ra
tiv

el
y
an
d
at

di
sc
ha
rg
e

In
st
ru
ct
io
ns

tw
ic
e
on

pr
om

ot
in
g
ph

ys
ic
al

ac
tiv

ity
du

ri
ng

th
e
ho

sp
ita

liz
at
io
n

pe
ri
od

(p
re
op

er
at
iv
el
y
an
d
at

di
sc
ha
rg
e)

in
ad
di
tio

n
to

th
e

po
st
op

er
at
iv
e
ex
er
ci
se

pr
og
ra
m

Pr
e-

an
d

po
st
tr
ea
tm

en
t

20
m
in

In
st
ru
ct
io
ns
:t
w
ic
e:
(a
)

Po
st
op

er
at
iv
e
ex
er
ci
se

pr
og
ra
m
:o

nc
e
a
da
y
fo
r

20
m
in
.p

er
se
ss
io
n,

5
tim

es
a
w
ee
k

—
H
os
pi
ta
l

14 European Journal of Cancer Care



Ta
bl

e
2:

C
on

tin
ue
d.

St
ud

y,
au
th
or
,

ye
ar
,c
ou

nt
ry

C
on

tr
ol

gr
ou

p
In
te
rv
en
tio

n
gr
ou

p

N
C

C
on

te
nt

co
nt
ro
lg

ro
up

N
I

C
on

te
nt

of
in
te
rv
en
tio

n
Ti
m
in
g

D
ur
at
io
n

Fr
eq
ue
nc
y

D
ur
at
io
n
of

in
te
rv
en
tio

n
Se
tti
ng

Yo
rk
e
et

al
.,
20
22
,

U
K

[9
5]

13
1

U
su
al

ca
re

13
2

(a
)
C
on

tr
ol
le
d
br
ea
th
in
g

te
ch
ni
qu

es
:c
on

sis
tin

g
of

di
ap
hr
ag
m
at
ic

br
ea
th
in
g

ex
er
ci
se
s
or

pu
rs
ed

lip
br
ea
th
in
g,
pr
ac
tis
ed

tw
ic
e
a
da
y

or
us
ed

as
ne
ed
ed

be
yo
nd

th
at

fo
r
ep
iso

de
s
of

in
te
ns
e

br
ea
th
le
ss
ne
ss

an
d/
or

an
xi
et
y

Po
st
tr
ea
tm

en
t

(a
)
—

(b
)
—

(c
)
1
m
in

(d
)
—

(b
)
tw
ic
e
a
da
y
or

us
ed

as
ne
ed
ed

(c
)
—

(d
)
at

le
as
t
tw
ic
e
a
da
y

(e
)
in
di
vi
du

al
ly

—
H
os
pi
ta
l

(b
)
C
ou

gh
su
pp

re
ss
io
n

te
ch
ni
qu

es
in
cl
ud

e
ed
uc
at
io
n

(c
ap
ac
ity

fo
r
vo
lu
nt
ar
y
co
ug
h

ea
sin

g)
,i
de
nt
ify

in
g
w
ar
ni
ng

sig
ns

fo
r
co
ug
h
an
d
re
pl
ac
in
g

w
ith

sip
s
of

w
at
er
,m

od
if
ed

sw
al
lo
w

te
ch
ni
qu

e,
hu

f
co
ug
h

te
ch
ni
qu

e,
or

re
la
xe
d
th
ro
at

br
ea
th
in
g

(c
)
A
cu
pr
es
su
re
:a

sm
al
l

nu
m
be
r
of

ac
up

re
ss
ur
e
po

in
ts

w
er
e
ta
ug
ht
:L

7,
L9

(f
or

co
ug
h

an
d
dy
sp
ne
a,
lo
ca
te
d
on

th
e

w
ri
st

ar
ea
s)
,L

I4
(f
or

en
er
gy
,

lo
ca
te
d
in

ha
nd

),
C
V
21
,C

V
22

(f
or

co
ug
h
an
d
dy
sp
ne
a,
lo
ca
te
d

in
st
er
nu

m
),
an
d
ST

36
(f
or

en
er
gy
,l
oc
at
ed

in
th
e
kn

ee
).

Pa
tie
nt
s
co
ul
d
se
le
ct

an
y
of

th
es
e
po

in
ts

in
an
y

co
m
bi
na
tio

n
to

ap
pl
y
pr
es
su
re

fo
r1

m
in

at
le
as
tt
w
ic
e
a
da
y
fo
r

sy
m
pt
om

re
lie
f

(d
)
Ex

er
ci
se
:i
nd

iv
id
ua
lly

ta
ilo

re
d
ex
er
ci
se

pl
an
,f
or

ex
am

pl
e,
w
al
ki
ng

in
cr
em

en
ta
lly

in
cr
ea
sin

g
di
st
an
ce
s
in

th
ei
r

lo
ca
le

nv
ir
on

m
en
t,
an
d

in
co
rp
or
at
in
g
br
ea
th
in
g

te
ch
ni
qu

es
as

re
qu

ir
ed

O
th
er

in
te
rv
en
tio

ns

A
hm

ed
za
ie

ta
l.

20
04
,U

K
[9
3]

12 (c
ro
ss
ov
er
)

(a
)O

xy
ge
n-
en
ri
ch
ed

ai
r(
72
%

N
2,
28
%

O
2)

(b
)
M
ed
ic
al

ai
r
(7
8.
9%

N
2,

21
.1
%

O
2)

12 (c
ro
ss
ov
er
)

H
el
io
x
28

ga
sm

ix
tu
re

(7
2%

H
e,

28
%

O
2)

Pr
et
re
at
m
en
t

5
m
in

—
—

H
os
pi
ta
l

European Journal of Cancer Care 15



psychoeducation, and a diet intervention [37]. Te in-
terventions were carried out pre- [37, 38] and post-
operatively [27, 30, 40, 44, 86], during [50, 71, 76] and after
chemotherapy [58, 71, 75–77, 89], after both chemo- and
radiotherapy [58, 77, 89], during [71] and after both chemo-
and immunotherapy [71], during [76] or after both chemo-
and targeted therapy [76], after radiotherapy [58, 75, 77, 89]
and after both radiotherapy and targeted therapy [77],
during [71] and after targeted therapy [71, 76, 77], and
during [71] and after immunotherapy [71]. Four articles did
not report about a specifc treatment [104]. Johnson et al.
[105], Yorke et al. [91], Yorke et al. [95], and Lau et al. [106]
did not report about the treatment and the timing of the
intervention. Te duration of the multicomponent in-
terventions ranged from two weeks [37] to six months [77].
Detailed information about the intervention characteristics
and efects of the interventions is shown in Table 2 and
Figure 2 (i.e., only studies with signifcant efects on more
than one symptom) and Supplementary Files 3 and 4 (i.e., all
included studies).

Of the 19 included studies, eleven articles reported
statistically signifcant changes in one symptom within the
SC [27, 37, 44, 58, 71, 75–77, 86, 91, 104]. Five studies re-
ported statistically signifcant changes in two symptoms
within the SC: PF and fatigue [30, 40, 86], dyspnea and
fatigue [95], and PF and dyspnea [27]. Interestingly, all three
multicomponent interventions consisted of an exercise in-
tervention. Te studies combined exercise with psycho-
education [30], exercise with nutritional guidance [27],
exercise with both psychoeducation and acupressure [95],
and exercise with both psychoeducation and nutritional
guidance [40].

3.6. Acupuncture/Acupressure Intervention. Six studies in-
vestigated the efects of acupressure (n� 4) or acupuncture
(n� 2). Acupressure uses frm pressure from hands/wrists/
elbows, and acupuncture uses hair-thin needles. Te acu-
puncture/acupressure interventions were performed by
trained healthcare providers [19, 52, 73], the patient
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[48, 56, 64], or their caregiver [48, 56]. Te acupuncture/
acupressure interventions were conducted during
[48, 52, 56, 64, 73] or after [19, 48] chemotherapy or during
radiotherapy [73]. Strong et al. [19] did not report about the
treatment and the timing of the intervention. Te duration
of the intervention was three days [19], four weeks
[48, 52, 73], nine weeks [56], or fve months [64]. Detailed
information about the intervention characteristics and ef-
fects of the interventions is shown in Table 2 and Figure 2
(i.e., only studies with signifcant efects on more than one
symptom) and Supplementary Files 3 and 4 (i.e., all included
studies).

Of the six included studies, two articles showed statis-
tically signifcant benefts on two symptoms within the SC:
PF and dyspnea [48] and role functioning and fatigue [64].
In both studies, the patients self-administered acupressure at
home during chemotherapy treatment. Additionally, one of
the studies ofered the possibility of acupressure being
performed by a caregiver [48]. Te acupressure lasted for
four weeks [48] or fve months [64] and varied between one
session of six min. per day [64] to two sessions of 18min. per
day [48].

Interestingly, the other four studies conducting a similar
acupuncture/acupressure intervention also found statisti-
cally signifcant benefts but only on one of the symptoms
within the SC (fatigue or dyspnea). However, all four studies
only measured one symptom that is part of the SC so sig-
nifcant improvements on other symptoms within the SC
may be missed.

3.7. Other Intervention. Five articles included an in-
tervention type that could not be classifed into one of the
above categories (heliox 28 gas, CPAP, neuromuscular
electrical stimulation (n� 2), and additional comfort nurs-
ing). Detailed information about the intervention charac-
teristics and efects of the interventions is shown in Table 2
and Figure 2 (i.e., only studies with signifcant efects on
more than one symptom) and Supplementary Files 3 and 4
(i.e., all included studies).

Of the fve included studies, two articles reported sta-
tistically signifcant changes in one of the symptoms within
the SC [32, 90]. Only one study reported signifcant changes
in two symptoms within the SC, more specifcally in PF and
dyspnea [93]. Te study assessed whether breathing heliox
28 via a facemask (72% He/28% O2) for fve min at rest and
while performing the 6-min walk test could reduce dyspnea
and improve the exercise capability compared with oxygen-
enriched air (72% N2/28% O2) or medical air (78.9% N2/
21.1% O2).

3.8. Risk of Bias. A summary of the risk of bias assessment of
the randomized controlled trails is presented in Supple-
mentary File 4. Overall, if we look at the RCTs having
signifcant efects on at least two symptoms within the SC
(n� 18), eleven RCTs were considered to have a high risk of
bias [27, 40, 42, 45, 46, 48, 51, 60, 86, 95, 94] and seven
studies were judged to have some concerns
[30, 39, 55, 64, 65, 78, 93].

4. Discussion

Tis review is the frst to provide an overview of the literature
regarding nonpharmacological interventions in LC patients
which have a positive efect on multiple symptoms within
the following SC: dyspnea, fatigue, physical, and role
functioning. Eighteen interventions were identifed with
efects on multiple symptoms within the SC. Intervention
types were exercise interventions (n� 6), diet interventions
(n� 2), psychoeducational interventions (n� 2), a combi-
nation of exercise with diet and/or psychoeducation (n� 5),
acupuncture/acupressure (n� 2), and breathing heliox 28
(n� 1). Across studies, the most evidence within the SC was
found for PF [27, 30, 40, 42, 45, 48, 51, 55, 60, 78, 93] and
dyspnea [27, 39, 45, 46, 48, 51, 55, 58, 60, 65, 78, 93–94].

Te majority of the evidence was found for the exercise
interventions, both in single component and multicompo-
nent interventions including exercise. Tree out of six
single-component studies [45, 60, 78] and one multicom-
ponent intervention [27] reported a positive efect on
dyspnea and PF. Two multicomponent interventions and
every included exercise-only study in this review contained
breathing exercises, which can explain the positive impact
on dyspnea [104, 107]. Furthermore, exercise provides
muscle building, improved cardiovascular function, and
increased physical capacity which consequently leads to an
improved PF. In turn, an increased cardiovascular function
and endurance also lead to an increased oxygenation which
facilitates breathing with, therefore, a decrease in dyspnea
[108]. Tere were fewer studies reporting an efect on fatigue
among the studies that had an impact on multiple symp-
toms, which could be explained by the fact that fatigue was
not always measured. However, in general literature, exer-
cise interventions have a positive efect on fatigue [109–112].
Evidence for role functioning on the other hand is scarce as
this outcome is relatively unassessed in exercise studies.

Tis review showed the most evidence for supervised
exercise interventions in the hospital setting. Tere is a need
for more research concerning exercise in diferent settings
such as the community or home setting. LC patients are
a vulnerable patient population, who are not very physically
active. A home-based exercise program focused on walking
to reduce sedentary behavior can be a low-threshold al-
ternative, but more research is needed to study these efects.

Te second most investigated interventions in this re-
view were psychoeducational interventions. Two
psychoeducation-only studies [39, 46] and two multicom-
ponent interventions consisting of psychoeducation [30, 40]
reported efects on more than one symptom. Fatigue was
improved in all four studies. Dyspnea was improved in both
psychoeducational-only interventions, and PF was im-
proved in both multicomponent interventions. Tese results
are in line with current literature as signifcant outcomes for
psychoeducational interventions are primarily reported for
fatigue [13, 113, 114]. Psychoeducational interventions
mainly focus on education, coping, improving self-care
skills, and motivation and confdence to implement self-
care [13]. Studies addressing fatigue in this review contained
such aspects. Te multicomponent interventions consisting
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of psychoeducation also included exercise intervention,
potentially explaining the improvement in PF as well. Fa-
tigue along with PF was most frequently assessed, whereas
dyspnea and RF were barely measured.

Regarding dietary interventions, only two studies im-
proved multiple symptoms, one using ginseng [55], the
other using a feiji recipe [65], and one multicomponent
intervention including nutritional therapy [27]. Fatigue and
dyspnea were both improved due to the diet-only in-
tervention, and dyspnea and PF improved due to the
multicomponent intervention. Ginseng and feiji are not
frequently documented, but some studies show that ginseng
has a positive efect on fatigue [115, 116] and feiji inhibits
tumor progression and resolves phlegm, which improves
breathing [117]. An improvement in fatigue often improves
dyspnea [118], RF, and PF [119]. Tis could explain why PF
and dyspnea improved with ginseng and the multicompo-
nent intervention, and role functioning and dyspnea with
the feiji recipe.

It is important to note that only half of the included
articles measured all four symptoms. Terefore, it is likely
that many efects have been missed due to not being
measured. PF was frequently assessed [55, 62, 88, 96] and
improved in each of these studies. Supplements, particularly
protein and fatty acid supplements, were shown to have
benefts on PF, as well as on RF and fatigue in studies in-
cluded in our review [62, 88] and literature [120, 121].

According to the literature, one of the most common
indications to apply acupuncture is fatigue, while PF or RF is
barely reported [122–125]. Similarly, the articles in this
review evaluated fatigue most frequently with consistent
benefcial results. Concerning dyspnea, however, contra-
dictory results were found. A systematic review [126], for
instance, showed that in seven out of twelve studies, a sig-
nifcant improvement occurred after acupuncture, whereas,
in others, there was no signifcant improvement [127, 128].
One multicomponent intervention [95] consisted of acu-
pressure, for which an improvement was seen in both fatigue
and dyspnea, thus confrming results found in the literature.

Regarding other interventions, only one article in this
review afected more than one symptom, i.e., dyspnea and
PF [93]. Tis intervention included the administration of
a heliox 28 gas mixture. Currently, few studies are available
on the treatment of LC symptoms with heliox 28 gas.
However, one study cites the same respiratory physiology,
and the way helium and oxygen can interact [129].

Tis review is the frst to provide a summary of evidence
regarding nonpharmaceutical interventions on the SC,
containing PF, dyspnea, fatigue, and RF. In addition, this
innovative review created an opportunity to encourage
further evidence and research on SCs and non-
pharmacological interventions that are relevant to LC
patients.

4.1. Study Limitations. However, it is important to ac-
knowledge certain limitations in this review. Tere is a high
variability in the characteristics of participants (age, stage
and type of lung cancer, and treatment) and outcome

measurement. For example, the diversity of outcome
measures used to assess fatigue limits the comparability of
the fndings [130]. Also, some studies contained small
sample sizes, with a minimum of eleven participants. Fur-
ther, a lot of the studies did not measure all symptoms. It is
unknown whether the interventions had no efect on these
symptoms, or efects were missed as they were not measured.
Only 12 out of 89 studies measured all symptoms of SC
[28, 29, 40, 49, 51, 65, 68, 71, 72, 76, 88, 100]. It is important
to point out that we have only looked at four specifc
outcomes (i.e., fatigue, dyspnea, physical, and role func-
tioning). It is possible that interventions included in this
review were underpowered to fnd a statistically signifcant
efect on the specifc outcomes of our interest but did fnd an
efect on other outcomes measured in that particular study.
Another limitation is that only randomized controlled
studies were included in the search strategy. Although RCTs
are considered the most reliable form of scientifc evidence
in efcacy studies, it is possible that other important evi-
dence was missed as nonpharmaceutical interventions are
not always evaluated with an RCT design. Further, three of
the reviewed articles were rather old, with the oldest being
published in 1982, 1996, and 1999 [75, 81, 104]. Also, the risk
of bias in the included studies should be considered as
a limitation as most studies have some concerns or high risk
of bias. Risk of bias, small sample sizes, old publications, and
not measuring every symptom of the SC can contribute to
a lower generalizability. Another limitation of this study is
that we did not conduct a meta-analysis to assess the ef-
fectiveness of each component within the included in-
terventions. Given the focus on nonpharmacological
interventions, it would have been relevant also to include
CINAHL (which refects articles published in nursing
journals, mainly) among the databases consulted. However,
we included four databases which might lower the risk of
missing eligible studies [131]. Lastly, a few methods could
have been undertaken to increase the representability of the
current literature such as including non-English language
articles (with the use of artifcial intelligence), checking the
reference lists of the included articles, and searching other
sources such as grey literature or literature reviews on
similar topics [132].

4.2. Clinical Implications. Based on the available evidence,
nonpharmacological can be efective to treat multiple
symptoms within SCs. In particular, exercise interventions
demonstrate promising results. A feasible approach would
be to start with exercise interventions and then extend to diet
and psychoeducation based on individual patient needs.
Further research should examine the impact on all symp-
toms, short term, and long term. Although positive fndings
might be found on short-term outcomes, more research is
needed to evaluate the sustainability of both intervention
adherence (e.g., engaging in sufcient exercise) and in-
tervention efects on the patients’ health and well-being in
the long term. Although role functioning is part of patients’
QoL, evidence for efects on role functioning is scarce. It
should be considered important to assess the intervention’s
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clinical signifcance. Additionally, potential patient burden
in multicomponent interventions might be important.
Further qualitative research is recommended for analyzing
patient burden and patients’ perceptions regarding non-
pharmacological interventions since they are key stake-
holders. Another focus for future research is to investigate
the underlying mechanisms that explain the impact of ex-
ercise, diet, and psychoeducational interventions on more
than one symptom within the SC.

5. Conclusion

Tis review aimed to summarize the evidence regarding the
efectiveness of nonpharmacological interventions on SCs.
Overall, most evidence was found for exercise interventions,
followed by multicomponent, psychoeducational, diet,
acupuncture, and other interventions. Among these, in-
terventions that addressed multiple symptoms had most
frequently a positive impact on dyspnea, followed by PF and
fatigue. Te least evidence was found regarding RF. Non-
pharmacological interventions appear to have the potential
to treat multiple symptoms within the SC; however, further
research is recommended to identify optimal interventions,
including dose-response relationship, and report more
symptoms.
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Álvarez, “Efects of behavioral activation on the quality of life
and emotional state of lung cancer and breast cancer patients
during chemotherapy treatment,” Behavior Modifcation,
vol. 43, no. 2, pp. 151–180, 2019.
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