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Abstract

Purpose To synthesise evidence evaluating non-pharmacological interventions targeting mobility among people with
advanced cancer, considering the type, efficacy and contextual factors that may influence outcome.

Methods Systematic review of studies of non-pharmacological interventions in adults (> 18 years) with advanced (stage
III-IV) cancer, and assessing mobility using clinical or patient-reported outcome measures. Searches were conducted across
three electronic databases (MEDLINE, EMBASE and CINAHL) up to June 2024. Methodological quality was assessed using
Joanna Briggs Institute tools and contextual factors were evaluated through the Context and Implementation of Complex
Interventions framework. A narrative synthesis was conducted due to clinical heterogeneity of included studies.

Results 38 studies encompassing 2,464 participants were included. The most frequent mobility outcome measure was
the 6-min walk test (26/38 studies). Exercise was the most common intervention, (33 studies: 27 aerobic and resistance, 5
aerobic, 1 resistance versus aerobic training) and improvements in mobility were found in 21/33 outcomes. Electrotherapy
interventions led to significant improvements in mobility in 3/5 studies. Geographical factors (e.g. distance, transport, parking
requirements) potentially limited participation in 18/38 studies. A lack of ethnic diversity among populations was evident
and language proficiency was an inclusion criterion in 12 studies.

Conclusion Exercise and neuromuscular electrical stimulation appear to improve mobility outcomes in advanced cancer.
The evaluation of other non-pharmacological interventions targeting mobility should consider access and inclusivity, and
be adaptable to the needs of this population.
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Cancer is one of the leading causes of global morbidity and
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the most unpleasant symptoms that reduces quality of life
in people with advanced cancer [3, 7]. Consistent negative
correlations are found between the loss of mobility and
worsening pain, fatigue and/or breathlessness [8], and on
psychosocial well-being [9].

Individuals with advanced cancer may become decon-
ditioned and find themselves entrapped in a vicious cycle,
whereby pain, fatigue, and breathlessness restrict their
mobility, consequently exacerbating these symptoms fur-
ther [5]. The importance of taking proactive steps to address
mobility issues throughout the cancer journey is clear. There
is increasing recognition of the role of non-pharmacological
interventions in comprehensive cancer management [10]. In
cancer rehabilitation these interventions encompass exercise
programmes, breathlessness and fatigue self-management,
mindfulness-based techniques, nutritional counselling, psy-
chosocial support and more [10, 11]. Despite evidence of
benefit, staff and space constraints may slow their imple-
mentation into routine cancer care [12].

Regarding interventions that may impact on mobility in
advanced cancer, previous reviews have extensively evalu-
ated the role of exercise [8, 9, 13, 14]. These reviews con-
clude that exercise is safe and associated with improved
physical functioning and quality of life. No review to date
has evaluated the range of non-pharmacological interven-
tions available for people with advanced cancer, focusing on
mobility as a primary outcome of interest. Moreover, a con-
sideration of the level of resources, or the contextual factors
that may affect mobility interventions, such as geographi-
cal or personal factors is required. Therefore, we aimed to
provide a comprehensive synthesis of evidence for non-
pharmacological interventions targeting mobility in people
with advanced cancer. Our objectives were to: (i) identify
and evaluate the efficacy of non-pharmacological interven-
tions in optimising mobility; (ii) evaluate the staffing time,
types of settings, equipment and other resources required to
deliver the interventions; and (iii) explore contextual factors
that may impact on the generalisability of interventions.

Methods.

We conducted a systematic review in accordance with
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines [15]. The protocol was
registered on PROSPERO (ID: CRD42023425824).

Inclusion and exclusion criteria

Studies of any design that evaluated non-pharmacolog-
ical interventions in adults (> 18 years) with confirmed
advanced cancer and assessed mobility using clinical or
patient-reported outcome measures (PROM) were included.
Non-randomised studies of interventions (NRSIs) were
included to ensure a comprehensive understanding of the
evidence. NRSIs offer valuable insights, balancing the rigor
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of randomised controlled trials (RCTs) with the contextual
richness of observational studies, thereby supporting deci-
sion-making in both policy and practice [16]. Advanced
cancer was defined as stages III-IV for solid tumours. For
haematological cancers, due to staging difficulties, we
adopted the operational definition proposed by Cheville
et al., [17], wherein lymphoma was considered stage III,
and myeloma and myelofibrosis syndrome were categorised
as stage IV, regardless of their distribution, as these are con-
sidered systemic conditions. Moreover, we only included
studies where the participant sample comprised > 95% indi-
viduals with advanced cancer. This selection criterion was
adopted to mitigate some clinical heterogeneity across the
included studies. We excluded incomplete or unpublished
studies, case reports, conference proceedings and papers not
in English.

Search strategy

A comprehensive search of electronic databases, including
MEDLINE and EMBASE (via Ovid) and CINAHL (via
EBSCO) was conducted (Full search strategy: Supplemen-
tary file Tables S1-3). Using Medical Subject Headings
(MeSH), truncation, and Boolean operations, the search
covered the inception of each database until June 2024. Ref-
erence lists of eligible articles, previous systematic reviews,
and relevant guidelines were also hand-searched for addi-
tional citations.

Selection of studies

An online systematic review manager, Rayyan, was used to
handle records and remove duplicates. Eligibility criteria
were initially applied to titles and abstracts and reviewed
by one of three authors (CP, JB and MM). Full-text articles
were retrieved from titles and abstracts of articles that met
the review criteria or lacked sufficient information to deter-
mine suitability. The retrieved articles were then imported
into Zotero, a reference management software, for full-text
screening by CP and one or more authors (SA, MB, SC, LN,
ET, EV). Disagreements in screening were resolved through
discussion between CP, JB and MM.

Data extraction and analysis

A standardised data extraction form was used to collect
information on study design, methodology, intervention
specifics, setting details, sample characteristics, contextual
factors, mobility outcomes, and results. Data extraction was
performed by CP and checked for accuracy by at least one
other author (SA, MB, SC, LN, ET, EV). For our analysis,
we utilised the mean scores, standard deviations, and other
statistical data as provided by the original study authors. We
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tabulated the p-values, confidence intervals and effect sizes
(Cohen's d and Glass's delta) as reported in the studies.

Methodological quality assessment

The methodological quality of included studies was indepen-
dently assessed by CP and one or more authors (SA, MB,
SC, LN, ET, EV). RCTs were assessed using the Joanna
Briggs Institute (JBI) RCT appraisal tool [18]. The remain-
ing study designs were assessed with the JBI Quasi-Experi-
mental tool [19]. The tools were not used to exclude papers
but to understand the overall strengths and weaknesses of
included literature.

Contextual factors

Contextual factors were evaluated using the Context and
Implementation of Complex Interventions (CICI) framework
[20], offering a structured approach to complex interventions
through three dimensions of context, implementation, and
setting [20]. For the purposes of this review, the following
contextual domains were considered: geographical, epidemi-
ological, socio-cultural and socioeconomic. Each study was
reviewed by CP and one or more authors (SA, MB, SC, LN,
ET, EV), with potential contextual factors identified through
discussion and understood as general themes across studies.

Results
Study retrieval and analysis

The initial search yielded 16,831 articles and following the
screening of titles and abstracts, 201 full-text articles were
retrieved for further evaluation (Fig. 1). Subsequently, 38
articles met the eligibility criteria and were included in the
review [17, 21-57]. The main reason for exclusion of full-
text articles was < 95% of the study sample having advanced
cancer (n=145). Given the significant heterogeneity among
the included studies, a meta-analysis was deemed unsuitable.
Instead, a narrative synthesis was employed with data pre-
sented as tabulated summaries. Data from each article were
analysed through vote counting, focusing on the statistical
significance of the outcomes. Vote counting was selected
due to the heterogeneity between studies and served as a
pragmatic approach for conducting an exploratory analysis
and to offer preliminary insights [58].

Study characteristics
Included studies were conducted from 2009 onwards, with

10 in the USA and Canada [17, 23-25, 32, 35, 49, 51, 54,
56], 20 in Europe [21, 22, 28, 33, 34, 36-41, 44-48, 50,

52, 53, 57], six in Oceania [26, 27, 29-31, 55] and two in
Asia [42, 43] (Table 1). Data from 2,464 participants were
available, with individual study sample sizes ranging from
14 [55] to 344 [17]. Mean study sample size was 65. Thirty
three studies included participants with solid tumours only
[21-23, 25-34, 3640, 42-52, 54-57], while five studies
included solid and haematological cancers [17, 24, 35, 41,
53]. Twenty studies recruited participants with a singular
type of primary cancer [23, 28-34, 36, 37, 42-46,49-51, 55,
57], with lung cancer being the most prevalent and examined
in 13 studies [23, 29, 30, 33, 34, 36, 37, 42-46, 51]. Mean
study duration was 10 weeks (range 4 weeks — 9 months).

Methodological quality assessment

Across included studies, RCTs generally demonstrated
good internal validity through the application of true ran-
domisation, baseline participant similarity, and appropriate
statistical analyses (Full quality assessments: Supplemen-
tary file Tables S4-5). A notable limitation was the absence
of blinding for both participants and treatment providers,
although this was anticipated given the inherent character-
istics of the interventions. In a few cases, baseline similarity
of treatment groups was unclear and there was insufficient
clarity regarding the methods used to measure outcomes.
In quasi-experimental studies, the hypothesised cause-and-
effect relationships were easily identifiable. However, it also
often remained unclear whether outcomes were measured
with sufficient reliability.

Overview of results and outcomes

Improvements (absolute or relative to control) in mobility
were observed across 24 out of the 38 included studies
(63.2%) [17, 21, 22, 24-28, 33-35, 38-45, 47, 48, 53-55]
(Table 2). The 6 min walk test (6MWT) was most often
used to evaluate mobility objectively and employed in 26
studies [21, 22, 24, 28-30, 33, 34, 38—40, 42-49, 51-57].
Mobility was assessed using accelerometers and clinical
tools in six studies [28-30, 36, 43, 55]. Two studies uti-
lised the Ambulatory Post-Acute Care (AM-PAC) tool [17,
25], a self-reported patient assessment and did not use a
clinical measurement tool. Twenty two studies employed
a PROM that assessed the physical functioning domain of
mobility, [17, 23, 26-31, 37-40, 42, 43, 47, 48, 52, 53, 55,
56] including the European Organisation for Research and
Treatment of Cancer Quality-of-Life Questionnaire Core
30 (EORTC-QLQ-C30, 15 studies) [21-23, 29, 37-40, 43,
47,48, 52, 53, 55], Short-Form-36 (SF-36, 5 studies) [26,
27,31, 38, 56], International Physical Activity Question-
naire (IPAQ, 3 studies) [28, 30, 55], or the EQ-5D-5L [17],
Nottingham Health Profile (NHP) [42] and Physical Activ-
ity Scale for the Elderly (PASE) [56] in one study each. Of
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these studies, fifteen demonstrated improvements in some
[26-28, 40] or all of the outcomes used to assess mobility
[17, 21,22, 38, 39,42, 43, 47, 48, 53, 55]. However, only
four of these studies [17, 22, 42, 55] reported improve-
ments in both the measure for mobility and PROM.

Non-Pharmacological interventions
Exercise

Thirty three studies included an exercise component [17,
21-35, 38, 39, 41-46, 49-57]. In 25 of these studies, exer-
cise was assessed as a standalone intervention [17, 21-23,
25-28, 30-32, 34, 35, 38, 41, 43-45, 49, 51, 53-57]. In
eight studies exercise was evaluated in conjunction with one
or more complementary non-pharmacological approaches
including: nutritional support [24, 29, 39, 52], psychosocial
support [24, 39], education sessions/ materials [23, 29], elec-
trotherapy [42], and manual techniques delivered by thera-
pists [33, 42, 46].

Resistance exercise

One study [35] investigated a resistance training programme
as a standalone intervention. They conducted a 10-week
randomised comparative study evaluating an aerobic pro-
gramme versus a resistance training programme. They found
that both resistance (baseline: 9.38 +2.10 points; post-inter-
vention 9.91 +1.95 points) and cardiovascular (baseline:
9.77 +2.25 points; post-intervention: 10.45 +2.05 points)
training resulted in statistically significant improvements in
the Short Physical Performance Battery, without substantial
differentiation between the exercise types [35].

Aerobic exercise

Six studies evaluated an aerobic based intervention [23, 28,
29, 35, 49, 50], with two studies finding a significant change
in mobility following aerobic training [28, 35]. Three studies
evaluated walking programmes [23, 28, 50], one evaluated
treadmill training [49], one evaluated an aerobic programme
alongside nutritional and behaviour change advice [29], and
one evaluated an aerobic programme versus a resistance pro-
gramme [35]. The intensity and frequency of training varied
between studies. For example, in two walking programme
studies [23, 28] specific step-count goals were utilised, with
one study aiming for a weekly increase of 400 daily steps
over 12 weeks [23], whilst the other aimed for a weekly
increase of 1000 daily steps over six-months [28]. Partici-
pants who already achieved > 10,000 steps per day were
encouraged to maintain their activity levels. The programme
with the longer duration and higher step-count goal dem-
onstrated statistically significant improvements in 6MWT

(baseline 451.6 +99.7; post-intervention 482.6 + 106.3;
p<0.001) [28]. The other walking programme required par-
ticipants to walk for 150 min per week over 12 weeks, but
found no significant improvement in mobility [50]. Another
study conducted a twice-weekly centre-based intervention
and found a positive impact on clinical measures of mobility
as described earlier [35]. An eight-week multicomponent
aerobic based programme and a treadmill based intervention
over 12 weeks found no statistically significant improvement
in mobility outcomes [29, 49].

Combined aerobic and resistance exercise

Twenty seven studies assessed exercise programmes that
combined both aerobic and resistance components [17, 21,
22,24-27, 30-34, 38, 39, 41-46, 51-57], with 19 of these
reporting improvements in mobility outcome(s) [17, 21, 22,
24-27, 33, 34, 38, 39, 41-45, 53-55]. Two studies included
three mobility outcomes, with improvements seen in two
of the tools [26, 27]. Programmes typically targeted major
muscle groups in the trunk, upper limbs, and lower limbs,
though repetitions, exercise intensity and recommended
activity levels differed. Five studies integrated exercise
with other interventions, including nutritional interventions
[39, 52], counselling [39], referrals to physiotherapy [17],
electrotherapy [42] and breathing exercises combined with
manual chest physiotherapy techniques [42, 46].

Six of these studies were home-based [17, 25, 30, 32, 43,
55]. Two of these studies reported a significant improvement
in 6MWT in the intervention group following a 12 week
intervention in one study (baseline: 384.2 +74.6 m; post-
intervention: 447.4 +50.4 m; p <0.001) [43] and an eight-
week intervention in the other (baseline: 531.4 +136.2 m;
post-intervention mean change: 40 +23 m) [55]. Two stud-
ies reported statistically significant improvements in AM-
PAC mobility scores in the intervention groups [17, 25].
One of these studies, evaluated a home-based combined
exercise programme over eight-weeks (mean difference
4.88 +4.66 points; p=0.002) [25], whilst the other evaluated
a six-month telerehabilitation intervention comprising of a
combined home-based exercise programme and outpatient
physiotherapy referral (baseline 60.2 + 3.7 points; post-inter-
vention between group difference 1.3 points; p=0.03) [17].

Thirteen studies were conducted in a centre-based setting
[21,24, 31,33, 38,41, 45, 46, 51, 52, 52, 53, 57], with seven
reporting significant changes in mobility outcomes [24, 33,
38, 41, 42, 45, 53]. Eight studies [22, 26, 27, 34, 39, 44,
54, 56] evaluated a combination of home and centre-based
interventions with studies showing positive changes in some
[26, 27] or all of the mobility outcomes [22, 34, 39, 44, 54].
Participants received more frequent contact with the study
team in centre-based interventions (twice to five times per

@ Springer



569

Supportive Care in Cancer (2024) 32

569 Page 8of20

z1g0=d

68C0=d

e0=d

8°0 <®I[3P S,SSB[D
LT 9718 1995
90z 1) STl

80> BII9p S.SSeID
09°0 9715 199459
(LYPT OV 416-) 996

80 <P S.SSE[D)
ST 10718 12y
(pET 01 8€) 98

sso=d

2000=d

10176) 8-

TSI 100 L'L

O¥r 0 1°9) 8T

S00>d

(6'9€S 01 9°€0S) €'0TS DI

(T€6 0 1€°L-) OE°LL DD 8€'LL DD
1€°8L D1 G8'GL DI
:Sutuonouny [eatskyd 0¢d-010-OLI0H
(EL'ETOVTIH) YT ET 10D °9°¢1 DD
SO'8T :OI 81°€T :DI
:(Aepy/utun) J9)OWOIN[AOIY
(¥9'8L 01 6'SL-) €91S DD 67T DD
L'LTS DI 0'15T 01
‘(sanaw) LMING

€LFL9 DD
9'9F8°¢ DI 1u

:Suruonouny rearskyd 0£d-OT10-DLIOH

TT91+8EL- DD 1LYTF 8681 DD

S16F8TC 01 S8LIF60LT DI
:(foam/uru- LA OVdI

9$F9¥-:0D 6'€6F €905 ‘DD
€TF O 01 TOCTFH1€S 01
‘(sanaw) LMING

8T FI18:0D TLTFT'SL DD
TIF668 Ol 961 F6°SL DI

:Sutuonouny [eatskyd 0£d-010-OLI0H
TLITFS8EY :00 6'T6F ¥ TEY DD
Y I6F S €0S D1 1'86F L'€9% DI

‘(semouwr) LAMIAN9

(LY 91 9'TH) 9'pp :DD 8ECFY YL DD
(€°5Y 01 9'6€) ¥'Tr :OI 1'0CFT6L Ol
:Suruonouny esrsAyd 9¢-4S

(996 01 L'S8) T'16 :DD 001 FT'T6 :DD
(T€6 01 7'€8) T'88 DI TTIF868 0l
:Sutuonouny eatskyd 0ed-010-OLI0H

(9'ces
01 '98%) $+0S DD TT8FYE6Y DD
$'98F8°08% :OI
‘(sanew) LMING
S'0STF80rC :0D
L'901 FH'8LE DI
‘(sanew) L MING

8791 F € €61 :0D
901 FI'L6€ DI

SUOISSas AJIATIOR
TeatsAyd [re pajordwods %69

9G7 :9Yel Poseq-oWOH
%001 :9¥el Paseq-anud)

(%001
~%€€) %SL :PIseq-oWoH
(%88
-%1T) %69 :Paseq-onua)
:(YO1) 2ouaIdype UBIPIN

SUOISSaS JO J[ey
UBY) QI0W PIPUNIR %[°LG
%08
UBY) Q10W PIPUIR % ¢ H]
ISUOISSS PAsLq-a1udd
papuane aSejuadiog

yeam 1od 9ouQ

sKep Sururen
-uou uo swurer3ord
Sunjeay “oom 1od 9d1m],

Yoom 1od 9d1m],

Yoom 1od sowm a1y,

sAep dreuId)e uo Jururern
QoUR)SISAY “Yoom Jod
sAep oAy Sururen 91qoloy

¥z pue 91 :dn-mofjoq
8

97 :dn-mofjoq
8

4!

9[0kd Ade

-IOU)OWAYD PITY) I}y
Pa1INd30 SJUIWSSISSY

uonLNNU Pue ASTIIIXI
UO S[ELIDJRW [RUOTRINPH ©
doys>om
Q3ueypd InoIARYY( ©
J1QOIOE PaIseq-anud)) e

QoUR)ISISAI
pUE J1QOIOE PSeq-oWoH e

Sur[esunod
PA[-9SINU PasI[enpIAIPU] e
sjuowd[ddns urejo1d e
Suny[em paseq-owoy e
QOUR)SISAI PAseq-anua) e

QouR)SISaI
pUE DIQOIoE PISEQ-ONUI)) ®

KdexayiorsAyd 1soy)) e
QOUE)SISAI
pue JI1qOIdR PIseq-a1ud)) e

l6T]
BI[ENSNY “L10T ‘WOl

[sS] eensny ‘610 ‘99K

[6€] prew
-ua( ‘ZZ0T ‘UISIAPIIN

[8¢] uredg ‘cz0T
‘Inga)se[[eD-[eqRZIPUIA

Leel
Kuew1on ‘4107 ‘OyueH

:S[RII], PA[[ONUOY) PISTWOPULY

soouareyjip dnois usomiog

UOT)UQAIIUI-ISO qureseq

(ID %S6) 10 {(JOI) urIpaw :(4S) ueow S F uedw are vieq

sowoaIno ANIqON

UONUAAIAUI 0) AOUIYPY

UOT)UQAINUT PAQLIOSAI]

(s39om) dn-moj[oy pue
UOTJUSAIdUI JO uoneIn(y

s[rejop
suwireroid juonuoalouy

A1nunod /1eak j1oyine IS

S)[NSaI pue AJ[IGOW JO SINSLIW ‘S[BJOP UONUIAISIU] ¢ d|geL

pringer

AQs



Page90f20 569

569

Supportive Care in Cancer (2024) 32

001=d

veo=d

soo<d

68°0=d

600=d

8¢g'0=d

C0°0 9Z18103H
(S9°¢581

0199%0S1-) 6% ¥LI

8e8'0=d

¥1°0 971 1999
(16'8L9

01 60'FTET-) 6S°LTE-

s61'0=d
62°0 1921 109h
(9T°€1 01 86'€9-) 9€°ST-

TSLFT8LY DD
1'29FTT0S 01

I'PLF L'6SY DD
6'16F L'LLY DI

(senouwr) L MINO
8EFL'8—DD

€€¥F0:0I Iu
:Suruonouny [ea1sAyd 0£)-0TO-OLIOH
Ju Ja
‘(sanew) L MING
€01 F0€S ‘0D 86F 105 ‘DD
06F€€S 01 96 F #0S DI
‘(sanew) L MING
YTIF 061 001 L8 DD
DDEOT FI1€S 01 T6F98Y 01
‘(sonow) L MING

(0°6£8%
—€'1917) TS61€ DD

(T6v8¢
u —0'7€0T) 9°658T DI

:(sda1s) 1910010900y

(0'7£8-0'0) $'SET DD
u (0%6-0'66) S¥6T DI

:(eam/uru- L) OVAI
6'SITFLT8Y DD
Iu 9LITF0°L9Y D1

1SOMAW [ MINO

%E88
:Kouanbaiy Sururen ueoj

(%L9) LF91
1S F 2oUdIoypE UBA\

(%001-%0 d8uex) 0¢ F %9
1S F 2oUdIoypE UB\

%001 :29udIaype
QuwiwresSoxd yuaneduy

SUOISSIS OURISISAT
0/1T pe[duod %¢¢
SUOISSAS JIqOIde
0%/9¢ pate[dwod %69

19JeI QOURIPY

yoom 1ad Qo1m],

yoom 1ad 2o1m],

Yoom 1od sowm a1y,

[ EETY

om) 10J oam Jod sKep AT

Yoom 1od sowry

9011y} SuTuTET) 9OUR)SISIY
Soom

12d 201M) Sururen s1qoroy

21 :dn-mofjoq
8

+¢ :dn-mo[[oq
4!

Cl

14

$ :dn-morjog
8

Q0UEB[EQ PUE QOUR)SISAT
‘01qOIOE PISEq-o1Ud)) @

UOT)UQAISIUT [RUOTILINN] ®
QOUR)SISAI
pue 51qOISE PISEq-AIUI)) @

JIQOIoR PISeq-aIud)) @

Sururern uonexeoy e

KdexayiorsAyd 1soy)) e
QJUB)SISAT

pUE 01QOIoE PISEQ-ANUI)) ®

Q0UR)SISAI
pue 01qOIoR PASeq-OWOH e

[LS]
Auewron ‘(g ‘Jowuy

[zs]
PURIZIIMG ‘RTOT OIS

[6v] VSN “810T N0dS

[9v]
pue[od ‘6107 ‘esmoIny

[og] erensny
‘610T
“oYoo1qpg

souareljip dnois usomiog

UOTUAAIIUI-ISO qureseq

(ID %S6) 10 {(JOI) ueIpawW :(4S) UeowW (S F urdwW a1k vleq

sowodno AN[IqOIA

UOTIUSAIS)UI 0} DIUAIYPY

UOTIUSAIUT PAQLIOSAI]

(syoom) dn-mof[oy pue
UONUAAIS)UI JO uoneIn(g

s[relop
QwwerSoxd /uonuaaIduy

Anunod /1edk /royine IsIy

(ponunuoo) zsjqey

pringer

As



569

Supportive Care in Cancer (2024) 32

569 Page 10 of 20

8000=d S1TF69¢ 0D 8'LIF06€ DD
(#'€01 91 0'91) 09 TYTF 08¢ 01 T'LTF6¢€ 01
((sonow) I MS

8yo=d
(990€ 01 0£S1-) 89L

SEETF¢€¢9- 0D
099CF9¢T DI

185y F 5SS 10D
91STF190S DI

A(sda1s) TVdAnOY

Lzo=d TTTF6S1- 0D LISFS¥8 0D

(P6€ 01 8TT-) 8€ET $STF0C- 01 0SS+099 :OI
‘(sanew) 1 MSH

820'0=d 8'LF8YY DD T8FSSY DD
099+0)TE 0'SF¢6v DI 8°9F 8Lt DI
:3uruonouny 1edrsAyd 9¢-4S

179°0=d 0 Iy F€6vC DD L'LyF0TST DD
(Sg01L8)9T- 6 TEFTSHT 01 L'8EFT°6¥T :OI
A(5pu029s) LAINOOY

Ler'0=d $1+89:DD 91¥69:DD
900¢€0) 10 STFSL DI YTFSL DI
:(spuo2as) DN L

610=4d €1F91 0D I'TF91:0D
#0100 0 TF87% DI 6'0FSY DI
(Spuo2as) L M-W 9

966'0=d 8'LF8SH DD PIIF0SY 0D

@y oTH) 00 7’6 F SS9 0l 0'6F Ty Ol

:dSF (SAN) Suruonduny [edrsAyd 9¢-4S

osro=d
(21001 00'T-) TF0-

LTTFTELOD
CO'TFL69 01

16'TF65°L DD
0S' TF1¥°L DI

:(spuodas) DN 1L,

€000=4d
(T€E1 018°1€) ST8

PICIF891€ DD
9TITFL9SE DI

L'OYTF9'65€ :DD
CEVIFLIYE DI

(3]oom Jurir) AI9)WO0IN[AI0Y

or00=d §'0SF598C :0D 0°€SF8°08C DD
(6'€-016°€T) L'ET- 6'TEF6'91C 101 8'0vF1°7ST 101
{(5pu029s) LAINOOY

1000>d
(ZT€'0- 01 8L°07) WOFILY DD 9S°0F S+’ :DD
SS°0- €E0FETY DI S 0F Yt DI

(Spuo2as) L - 9

%69 owweIdold paseq

-aIUdd 0] J)BI AOUAIYPY yoom 1od 2o1m],

QuII) judueaI)
POPUAWIOIAI [[BIDAO
30 (%001-%69) %08
:(oSuer) ueipow SHIAN

Jo a3esn syuedronreq paSeinooud SHIAN A[req

SUOISSIS ISIOIIXA 9¢ JO
o O F7¢ S Fueawr

& pojo[dwod syuedroned Yoom 1od sowny oIy,

SUOISSas
#2/0T pare[dwod %8
'SUOISSas /g parod

-wod syuedronred jo %40L yoom 1ad 2o1M],

!

!

Q0UR)SISAT [1+]
pue J1qoIoe paseq-onua) e AeMION ‘1 10T ‘T[OAIPIO

Kdeiayyonosere

paseq-owoy /nus) e [9¢] N ‘6002 *SNOOPPLIN

QoUR)SISAT [1€]
PUE OIqOISB PIseq-anua)) e BI[RIISNY ‘§1()T ‘OBA[RD

JIqOId. PIseq-doWoH e [92]
Q0UR)SISAI PASEq-onud)) e BI[RNSNY ‘C1( ‘QIUI0D)

soouarayIp dnois usomiog UOTUAAIIUI-ISO qureseq

(ID %S6) 10 {(JOI) ueIpawW :(4S) UeowW (S F urdwW a1k vleq
sowodno AN[IqOIA

UOTIUSAIS)UI 0} DIUAIYPY UOTIUSAIUT PAQLIOSAI]

(syoom) dn-mof[oy pue
UONUAAIS)UI JO uoneIn(g

s[relop

owwerSord uonuoAIul  Anunod /1eak /Ioyne SInj

(ponunuoo) zsjqey

pringer

AQs



Page 110f20 569

569

Supportive Care in Cancer (2024) 32

L90=d
(0€°6T 0169°0-) 06

900'0=4
(0€°SL OV E]'ET) LSV

wso=d

9¢0'0=d

100=d

(1L0°0 01 $00°0) +0°0

€00=d
(SETM80°0) €T

2000=d

cgo=d

L8g0=d

Lyo=d
(€101€¢1-) 0

001=d
(86T 01 9¢L17) 1S

9¢0=d

991 FL'8L:DD

u TYCFEIL Ol

:Suruonouny [ea1sAyd 0¢D-0TO-OLIOH
S'S8F1°08S

u 0D 66 F 8'€HS 1Ol

:(senouwr) L MINO

ISSIFTELL DD I80CFLE YL
06°0CF L¥'08 :OI DD TI'0TFSS8L 01
:Suruonouny [ea1sAyd 0¢D-0TO-OLIOH

8911 F9+0S DO 0°SETFOEP8Y
P'S6F I'LLS :D1 DD SHOIF91TS 01
(sonowr) L MING

1'0F8°0:0D
Iu 1'0F8°0 :01
i(syurod) T6-AS-OH
SEFL09:0D
Iu LE€FT09 01
i(syurod) KNMIQON DVA-INY
(TTTor9L'T-)

TTSFET0:00
(089
01967) 99+ F 88"+ 101 1
i(syurod) ANMIQON DVA-INY
(€°¢) 888 :DD (S+1) 828 100
(1°¢) 188 :0I (L1) 0°€8 :DI
:(gs) Suwonouny [edarskyd 0£D-OT10-OLI0A
(8€T°01-9%L)
909t :T1 YoM
(Y9L6

(ZeT'TI-89S1) LOLY
:(o8uer sdays) 19)owopeg

(L8-09) 08 DD (€6-€L) L8 10D
(08-L9) L9 D1 (L8-0v) €L DI

:Suruonouny rearskyd 0£D-OT10-DLIOH

(6TH—9€97) TEEE DD (F797-8187) T9EE 10D
(Fr9v—8187) T9¢€ DI (S68€-L970) £91¢ :OI

:(sdais) A1910W0191200Y

—6L0T) S09S 9 Y9M

TL'TF80°0 DD
9I'TFTH'0 DI

9CF1'8:0D
€TFY6 01

(syurod) g4ds

Ju

601 F%9'98 :owwers
-01d )Im 91eI QOUAIYPY

Ju

suwrwresSold 9s1010%d
JO S[9AQJ] papuaw
-w00a1 Paye[dwiod %6'9/,

Ju

UOLIDILID
QOULIAYPE WINWITUIW Y}
1ou syuedronaed jo 906

%E°18 1mer
QJOUAIYPE ISTOTIX UBIA

yoom 1ad 2o1m],

yoom 1ad 2o1M],

Yoom
10d suorssas [SHY N0

Soam
10d suorssas [SHY N0

Sunjem Areq

paseinooud SHIAN A[req

oom 1od sowm 9AY-9aIY],

cl

14

!

9[9kd Aderoy)-owayo
uo Surpuadop []-8

!

URIONAIP
woiy ndut [euontINN ©
SINA-GM PIseq-onua) e

ueIonaIp
woij ndur [euoninny e
SINE-FM PASEq-a0U) @

[87]
Auewwon “0z0g “YuIyos

[Ly]
Auewrion ‘10T “YuIydS

'S[RLLL, PI[[ONUOY) PISTWOPULY-UON

JLAREIEXS
KdexayjorsAyd jueneding e
suoyda[a)
/aurfuo 1o swoydwAs
Jo Suriojiuow pajewoIny e
QJUB)SISAT
pue 01qOIoR POSeq-OWOH e

QJUB)SISAT
puE dIqOIoE Paseq SWOH e

UOISSAs UONBONPH e
SuryJem paseq-owo e

Kdeoy)
-0I)09[3 Paseq-oWoH e

SuryJem paseq-owoH e

[L11 VSN 4610T *a111A9UD

[S2] VSN *€10T A1adud

[€z] vSn ‘120t “oped

[L€] 3N *€T0T *$Yo0PPEIN

[os]
Kuew1on ‘610z ‘Ioydens

souareljip dnois usomiog

UOTUAAIIUI-ISO qureseq

(ID %S6) 10 {(JOI) ueIpawW :(4S) UeowW (S F urdwW a1k vleq

sowodno AN[IqOIA

UOTIUSAIS)UI 0} DIUAIYPY

UOTIUSAIUT PAQLIOSAI]

(syoom) dn-mof[oy pue
UONUAAIS)UI JO uoneIn(g

s[relop
QwwerSoxd /uonuaaIduy

Anunod /1edk /royine IsIy

(ponunuoo) zsjqey

pringer

As



569

Supportive Care in Cancer (2024) 32

569 Page 12 of 20

100°0>d §9°0 :p S.udyo) 6€EFI6 SOFVIIL
:(Spuodas) NI
100°0>d 08°0 P S.usyo) 9 LTI FLTTY TETIF¥'L9E
:(semowr) L MINO
2000=4d (€€6-008) L'98 (€°¢6—€°€L) 08
:Sutuonouny [eatskyd 0£d-010-OLI0H
1000>d
(1767 01 28°61) 1S7E PILFT61S S6LF 068y
((sanow) I, MAIN9
801°0=4d 9'6F 1’68 PETFYY8
:Suruonouny reatsfyd 0£D-010-DLIOH
1200=4d 8°69F 8195 178+ ¢°8CS
((samowr) L MING

1'09F€€L LS 8'¢8F0°0Ct -LdS

(18s Surmoney) 700'0=d L'SFF0H- 100 T99F 906 :DD
(sonow) LMING
1000>d S6TF16'6 :0d 01'CF8€6 :08

(90°'T 0 #1°0) SL'0 SOTFSHOI DAD STTFLL6DAD

i(syurod) gdds

Ju

9,88 :90UAIdYPE [[LIOAQ

%T8
Juouodwod aoue)sISaY

%G8 :Juauodwod 91qoIoy
%$8 :0UIYPE [[LIOAQ

STIF%8'98 :1dS
6 TCF %1°SL:3u0310)
1S F9oudIaype uedA

SUOISSIS (Og/
papuape siredionred jo 950,

%L el
Q0ULIAYPE PaAseq-anu)

Yoom 1ad 2o1M],

Apyoom 1od 9o1m],

Yoom 1od 9d1m],

yoom 1od Qo1m],

yoom 1od 9d1m],

Yoom rod

sAep QA JO wnWIUIW

© owwersoxd swoy

99[dwos 0) paSemoouyg
“oom 1od sowm samyp 0y dn

cl

4!

SUOTIUSAIUT

UQM]3q YBAIq SYOOM T

M § [UONUSAINUIT YorH
P1 [eI0L

ol

4!

JUQWISSISSE (I @
Q0UR)SISAI
pUE 01QOIk PISEQ-ANUI)) ®

Q0UB)SISAI pUE d1q
-010B PAseq-owoy /onud) e

QoUR)SISAI
PUE JIQOIOE PIseq-anua) e

Q0UR)SISAI
pUE 01QOIok PISEQ-ANUI)) ®
SuoS1Q) paseq-anua) e

QOUR)SISAT SNSIOA
J1QOIAE PAseq-anua)) e

QOUB)SISAI PUE JIQOIOE
Paseq oWOY PUE ANU)) ©

[¥el vsn ‘€10 ‘usseyd

[zl Aeaf “pg0g ‘Turoueay

(12l Ao “€gog ‘uroueay
SAIPNIS WY J[IUIg

[#¢]
VSN ‘LT0T ‘14qIopues
{IOA()-SSOID) pasIwopuey

[S€]l VSN *€10T ‘tutenry

:aaneIRdWo) pastwopuey

[9¢] ¥Sn ‘9107 “oeyz

(8) €-:00 €2F9¢ DD

soo<d ) 101 0TFL9 DI
Juouodwod [eorsAyd 9¢-4S

(1€) 01-:0D 9ITF0ST 0D

soo<d (81) ¢t :01 06F LyT :DI
‘HSvd

(9°0)T0-:DD I1¥8:0D0

soo<d (9°0) L'0- 01 €F8:0I
:(spuodas) DN 1L

(68) 61-:0D €€TF0EST *DD

so0<d (0%) 09 :O1 EYTFO0VI DI
:(199)) LMING

$90udIaIp dnoid usamiog UOIUSAIIUI-ISO] aurjaseg

(ID %S6) 10 {(JOI) urIpawW :(4S) ueowW S F urdW a1k vleq
sawodno AN[IqOIA

UOTIUSAIS)UI O DIUAIYPY

UOTIUSAIUT PAQLIOSAI]

(syoom) dn-mofjoy pue
UONUAAIS)UI JO uoneIng

s[relop
QwwerSoid /uonuaaIduy

Anunod /1edk /royine ISIy

(ponunuoo) zsjqey

pringer

AQs



Page 130f20 569

569

Supportive Care in Cancer (2024) 32

SUOISSas
paseq-anuad 71/8 paerd
-wod syuedronred jo 968

(%001-%SY :98uex)
%89 UONUIAINUI A}
ur uonedroned uedjy

%18 :owweisoid swoy
(%001
-%St :98ueT) %€°¢L
{UOTJURAIUI PISeq-a1ud)
:uonedronaed uedpy

TIFTY T YoM
TTFTY 9 YoM
TIF8E T M
S Fyoom
10d SUOISSIS ASIOIAXD UBIA]

%001 :owweIdold
I )BT 9OUAISYPY

€FTI
:SUOISSas SHIAN parord
-Wod JO IquUINU UBIJA

%[ 9o
-1oype owwrerdord swoy
%66 :PduaIaype Juaneduy
%T8
rowrrerSord 9s1019%0
0] 9)BI AOUIIYPE [[BIAQ

Kyanoe reorsAyd

JO S[OAS] PIPUSWIOIAI

Y1 paAdIYde (G'88
01729 1D %S6) %LL

Yoom 1od sowr) 991y, 9

yoom 1od 9d1m], 9

yoom 1od sown doIy)
paSeinoou? dwweroid

QWIOH "yoam Jod 9oIM], 9
PpageInoous as1o1oxd A[req Cl
Ae1s Juan ILSTF 19T

-edur jo yi3uoy 1oy A[req ISUOISSAS JO JOqUINN

S$309M INOJ JOAO SUOISSIS
1 JO Te10, *(In0J oom)

SUOISSAs 9AT] 0 (JUO
JO9M) SUOISSAS 0M) WOIJ

Sursearout A[eIuowoouy ¥
Yoom 1ad
Sow Q1Y I, :Ajrunwwio))
Yoom 97 :dn-morjoq
10d sowr) oAl uoneduy 8
Sunjem Areq T

QOUE)STSI
puUE 51QOISE PISEq-IUI)) @

QOUE)STSI
puE 91QOIoE PISEq-AIUI)) @

Sunj[em paseq-owoH e
Qour)SISAI
PUE JIQOIOE PIseq-anua)) e

QOUE)STSI
pue 51qOIoE PISEq-OWOH e

SNHAL e
KdexayiorsAyd 1sey)) e
QOUR)SISAI PAseq-anud) &

Kdexoyy
-0I)09[0 PIseq-dWoOH e

Q0UR)SISAI pUE d1q
-010B PAseq-owoy /onud) e

SuryJem paseq-owoH e

[€6] spueliayioN 4L
“$10¢ ‘ueSun( ud( ueA

[S] yrewua( ‘G10T ISIQ

[p] Srewuaq 7107 ISMO

(54|
2103 YINOS ‘6107 “Hed

[zr]
Koy, {010z ‘11A9MeZ0O

[ov]
PUEB[RI] ‘0ZOT I0Uu0) .0

[v€]
Kuewion ‘41z “Iyonyy

[82] @dour1g ‘0Z0T ‘AL

geo=d EETFCBL I'STF6'9L
:Suruonouny 1ea1sAyd 0¢D-0TO-OLIOH
100>d 0°LETFO008F TSEIFOSEY
‘(sanaw) LMING

10000>d
(0'L¥ 01 €°07) LYTIF 198 SITIFH'LTS
‘(semouwr) LAMIN9

900 0=4d
(1'99 01 62D €'6€ 988 F0'%9S S'88F LTS
(semour) L MING
900=d LSIFTI8 CYIFT8L
:Suruonouny reatsfyd 0£D-OT10-OLIOH
1000>d YOSF Ly 9YLFTHIE
(semour) L MING
€00=d ECETFILTT 8LLTFLTSE
:Kynqowr [eorsAyd JHN
€000=d 0L'8LTF6E1TE SLTITF6£9¢C
‘(semouwr) LAMIAN9
scLo=d (TL=59) €9 (06-8€) 0L
:Suruonouny reorsfyd 0£D-010-DLIOH
66£0=d '9F 671 ILIF9LE
:(spuodas) DN 1L,
oro0=d 19F60¢ 69FTET
(semowr) L MINO
100>d S6FSTS 001 F€6¥
(semour) L MING
L1o=d I'LIF0T8 YTTFEIL
:Suruonouny [ea1sAyd 0¢D-0TO-OLIOH
Lro=d 6 €101 FEPP6 9E€LOIFIS6L
“(reemy/sur-LHIN) OVdI
1000>d €901 F9T8Y L66F9 1S
(semour) L MING
souareljip dnois usomiog UONUIAIANUI-ISOJ aureseyq

(ID %S6) 10 {(JOI) ueIpawW :(4S) UeowW (S F urdwW a1k vleq
sowodno AN[IqOIA

UOTIUSAIS)UI 0} DIUAIYPY

(syoom) dn-mof[oy pue

UONUOAIAUI PAQLIOSAIJ  UONUAAIUI JO uonein(

s[relop
QwwerSoxd /uonuaaIduy

Anunod /1edk /royine IsIy

(ponunuoo) zsjqey

pringer

As



Supportive Care in Cancer (2024) 32:569

569 Page 14 of 20

uonNe[NWINSOAWOII9[ APOq-d[oyp SIWA-IM ‘0D pue dn) pawL], DL

‘uone[NWINS 9AIDU [BILIOJ[O SNOAULINOSURL], SNFL ISAL M[BM 2MNYS JMS ‘A1oneq oouewriofrod [eIISAUJ 10YS gddS ‘9 WIOJ-1I0YS 9¢-,/S ‘Sururer) asI010Xd pIepuels [7S ‘10119 pIepuels
7S ‘uoneraap paepuel§ 7S ‘dnoid soue)sisoy HY ‘Sururel], 3uang ‘Aseq ‘prdey 757y ‘dnoid SuoSiQ) HO ‘A[IOPIH oY} 10} 9[edS ANATIOY [8O1SAUJ UL, FSVJ ‘UOTIR[NWIS [BOINO]Q IJR[NOSNUIOI
-NON STWN ‘Q[yold YIedH WeySurioN JHN ‘wed) AreurdiosipniniA LW ‘WUeeAInba orjoqeiow [ewixejq [/ ‘93uel o[nienbioyu] yy ‘orreuuonsan) ANANOY [edo1sAyd [euoneutdu] Ovd7
‘dnoi3 uonuoaIU] HJ ST, J[BA MNNYS duURIMPUY JMST ‘O 210D dreuuonsan) Jri-Jo-Aien) 10oue)) JO JUSUNLIL] pPue Yoreasay Ioj uonesiuesiy ueadomny gg-0 070 DL¥0A ‘dnoid
Te[NOSEAOIPIED) DAD ‘[eAIOIUI 20UpYUO)) ) ‘dnoid [onuo) H) ‘dre) ANdY 1504 AI0IEMqUIY JVJ- Y ISAL A[EA\ NUTN 9 LMY ISAL M[EM SDRIN 9. LM-t 9 ISAL N[eM 2L 00% LMWOOF
dnoI3 uonuaAIRIUI 9Y) PAINOAL] UOIIUIAINUI ) JOYIAYM 0) SUIPIOIIE PAIIPIO
IOU})INJ PUE SAINSBAW QWOOINO0 9A130adsar ‘uSisop Apnis IOy} UO Paseq PasIueSIO U9q 9ABY SAIPNIS Y], "SIIPNIS PIOUAIRJAI oy} Ul pajiodar se paje[nqe) o1om pojuasald S[D) pue SoI00S UBIA

9IS 199§ d3Ie] = §°() < BI[IP S, SSB[D
8'0=10910 9518 "G'() =109 WNIPAIA "7 =191 [[eWS :P S.UsY0)D)

poyodar jou=.1u

Lsro=d
(€1070)90 STFOTI TTFY0I
‘(sinod) gd4ds

rro=d
(€7 016'9¢-) €91- CL8FSEIE 8'L6F867E
:(Spu0das) L MINOOY

629°0=d
(L1901)¥0 I'I1F601 T6FS01
(spuodas) DN L

8Le0=d
#0070 10 SIF9% SIF¥¥
:(Spu023s) I M-W 9

S600=d
(€Y 011'0-)0C §LFTIY Y6F Ty
:3uruonouny 1earsAyd 9¢-4S

L000=d
(€T-00TI)TL- Y EPFHSST 9'€rF979C
:(Spu0d2s) L MINOOY

Lyro=d
(01°0 91 29°07) 9T°0- €IF69 CIFTL
:(spuo2as) DN L

1000>d
(S1°0- 9 6€°0-) LT0- LEOFTEY SHOF6SY

:(Spuo2as) L M-Ww 9

WY €9
:owiwerSord aoue)sIsay
%8'6L
sowrwerfoxd Supyrep
:9ouataype payiodar-Jos

SUOISSas

$2J0 Mo 6'9F°0C
papuaye sjuedronieg

% :orel uonadwo)

yoom 1ad sowm) Ioj-om,

yoom 1ad 2o1m],

yoom 1ad 2o1M],

Cl

¥ :dn-mofjoq
[

(4}

QOUR)SISAI
pue 51qOIoR PASeq-dWOH e

QouR)SISaI
PUE DIQOIoE PISEQ-ONUI)) ®

Q0UR)SISAI
pUE 01QOIoE PISEQ-ANUI)) ®

[z€] vSn *€zot ‘uosuey

(L]
RIENSNY (T dII0)

[16] VSN “600T ‘PwaL,

soo<d
689 01 GT'LG- 99°TLFEL'SEY 8TE8FSS Ol
‘(semour) LMING
souareljip dnois usomiog UONUIAIANUI-ISOJ aureseyq

(ID %S6) 10 {(JOI) ueIpawW :(4S) UeowW (S F urdwW a1k vleq
sowodno AN[IqOIA

UOTIUSAIS)UI 0} DIUAIYPY

UOTIUSAIUT PAQLIOSAI]

(syoom) dn-mof[oy pue
UONUAAIS)UI JO uoneIn(g

s[relop
QwwerSoxd /uonuaaIduy

Anunod /1edk /royine IsIy

(ponunuoo) zsjqey

pringer

AQs



Supportive Care in Cancer (2024) 32:569

Page 150f20 569

week) than home-based interventions (twice per week to bi-
monthly). Only six studies included follow-ups [27, 30, 34,
52,55, 57]. This ranged from four weeks to six months, with
continued improvements found in two studies, eight weeks
[55] and six months [27] post-intervention.

Electrotherapy

Five studies evaluated the efficacy of electrotherapy [36,
37, 40, 47, 48], with three studies finding significant
improvements in mobility outcomes [40, 47, 48]. Elec-
trotherapy protocols varied greatly in terms of stimula-
tion site, frequency (Hz), session number and overall
duration. In two studies, dietary advice was combined
with whole-body electrical muscle stimulation (WB-
EMS) during active range of motion activities and
applied to major muscle groups [47, 48]. The remaining
three studies evaluated neuromuscular electrical stimula-
tion (NMES) as a single component intervention [36, 37,
40]. One study utilised transcutaneous electrical nerve
stimulation in conjunction with exercise [42], but used
this modality for pain relief rather than functional gains
and was consequently categorised as a multi-component
exercise intervention rather than an electrotherapy-based
intervention.

Two studies [36, 37] encouraged daily NMES usage
within their studies, targeting the quadriceps but found no
improvements in mobility outcomes. One study [40] recom-
mended a progressive increase use of NMES over the four
week study targeting the quadriceps and hamstrings with
a combination of low and high frequency stimulation. The
study found statistically significant improvements in 6MWT
(baseline: 232 + 69 m; post-intervention: 309 £ 61 m;
p=0.040) but no statistically significant improvement in
TUG [40]. Two studies [47, 48] recommended at least two
days rest between WB-EMS training to allow for muscle
recovery and opted for twice weekly training sessions, with
participants wearing a vest, hip belt, upper arm, and thigh
cuffs with integrated electrodes. Both studies found statisti-
cally significant improvements in the interventions group’s
6MWT scores (baseline: 521.6 + 104.5 m; post-intervention
577.1+95.4 m; p=0.036 [47]; baseline 543.8 +99.5 m;
post-intervention coefficient 44.57 m; 95% CI 13.83 to
75.30; p=0.006 [48]).

Resources

There was wide variation in staffing levels, settings,
equipment, and essential resources required to deliver
the intervention. Physiotherapists delivered the interven-
tion in 13 studies [17, 25, 33, 36, 41, 42, 44-46, 51-54],

seven were led by exercise specialists [28, 29, 34, 50,
55-57], five studies were participant-led [23, 37, 40, 43,
50], four were led by physiologists [26, 27, 31, 49], three
studies involved a multidisciplinary team [24, 47, 48],
two studies were overseen by a kinesiologist [21, 22] and
one study was nurse led [38]. Studies varied greatly in
intervention frequency, with some studies recommending
daily completion of the programme [23, 28, 36, 37, 42,
43] whilst others opted for weekly [29]. Typically, studies
that relied on clinicians to deliver the intervention opted
for a frequency of two to three sessions per week. How-
ever, one study required a high staffing commitment, with
participants receiving inpatient physiotherapy five days
per week over four weeks [46], whilst another delivered
the intervention twice per day for the duration of the par-
ticipant’s inpatient stay [42].

Studies were conducted in various settings, with 26 stud-
ies requiring participants to attend a hospital, clinic or com-
munity centre to undertake the intervention [21, 24, 26, 27,
29, 31, 33-36, 38, 39, 41, 42, 44-49, 51-54, 56, 57], whilst
12 studies delivered a home-based intervention [17, 22, 23,
25,28, 30, 32, 37, 40, 43, 50, 55]. Regarding equipment, 15
studies used high-tech aerobic equipment such as rowers,
cycle ergometers and treadmills [21, 22, 31, 34, 35, 39, 41,
44-46, 49, 51-53, 57], nine studies used resistance bands
[21,22,32-34, 38, 41, 43, 55], five studies used free weights
[34, 35, 38, 55, 56], nine studies provided activity monitors
[23, 25, 28, 29, 32, 39, 43, 50, 55], and six studies used
electrotherapy devices [36, 37, 40, 42, 47, 48].

Contextual factors

Geographical contextual factors were identified as potential
barriers to participation in 18 studies [24-27, 31, 33, 35, 36,
38,39,41,44,45,47,48, 51, 52, 56]. Participants reportedly
faced transportation and parking challenges when traveling
to healthcare facilities for the intervention, as highlighted in
one study [24]. Two studies determined participants' eligibil-
ity based on the participant’s reported ability to attend the
intervention sessions twice weekly, leading to those living
too far away from the study centre to be allocated to the
control group or excluded from the study [47, 48].

In terms of socioeconomic, sociocultural and epidemio-
logical factors, most studies were conducted in affluent
Western countries. In studies that reported ethnicity, > 80%
of the study population were white [17, 22, 23, 25, 32, 35,
51], with native language proficiency forming part of the
inclusion criteria in 12 studies [17, 25, 28-30, 34, 35, 39,
50, 51, 53, 55]. One study had specific technological require-
ments i.e. the participant was required to own a specific
smartphone and be able to effectively utilise their app [43].

@ Springer
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Discussion
Main findings

This review aimed to provide a comprehensive synthe-
sis of non-pharmacological interventions that evaluated
mobility in people with advanced cancer. The review
included 38 randomised and non-randomised studies
with 2464 participants overall. Our main findings were:
i) both exercise and neuromuscular electrical stimulation
interventions had an overall positive impact on mobility
outcomes; ii) we identified a disparity between clinical and
patient-reported measures in detecting changes in mobility
status. Observed improvements in clinical measurement
tools assessing mobility status were not always reflected in
patient-reported outcomes when measured in parallel; iii)
regarding resources and context, the centre-based nature
of many interventions as well as a requirement for native
language proficiency, may have limited access to, and
inclusivity of, interventions for this group.

Interventions

Our findings suggest exercise and neuromuscular electri-
cal stimulation interventions may help optimise mobil-
ity among people with advanced cancer. However, the
heterogeneity across studies precluded meta-analysis, so
the narrative synthesis findings should be interpreted
with due caution.

Exercise-based studies typically focused on the physi-
cal domain of mobility, targeting areas such as muscle
strength, endurance, and flexibility. Theoretically, inter-
ventions targeting symptoms such as breathlessness,
fatigue, pain, nutrition and psychosocial domains may
indirectly impact on mobility [59, 60]. For example,
holistic breathlessness services aim to reduce breath-
lessness, which may positively influence the psycho-
social mechanisms described within Webber and col-
leagues’ model of mobility [6], such as confidence and
self-efficacy [61]. Additionally, occupational therapy
interventions, such as home modifications and provi-
sion of assistive devices align with the psychosocial and
environmental domains of Webber and colleagues’ model
[6], and may influence factors such as falls risk, pro-
mote energy conservation, and influence an individual's
capacity and willingness to mobilise [62]. Notably, these
types of single component interventions were excluded as
many did not use mobility measures [63—65] or sub-anal-
ysis of mobility outcomes were not reported within study
results [66]. Future studies that directly or indirectly tar-
get mobility, should incorporate outcome measures that
capture changes across the multiple domains of mobility.

@ Springer

Measurement

Studies in our review employed a combination of clinical
tools and PROM. Clinical measures, such as the 6MWT,
evaluate the impact of interventions on exercise capacity
and serve as good predictors of community mobility [67],
but solely measure the physical domain of mobility. PROM
such as the EORTC-QLQ-C30 and SF-36 focus on health-
related quality of life, but both assess different domains of
mobility. We had anticipated that improvements in clinical
measures, like the 6BMWT, would equate to enhanced physi-
cal function in the PROM [68]. However, our review reveals
that improvements in the clinical measures of mobility were
not always reflected in PROM. This discrepancy may be
attributed to limited statistical analysis and reliance on vote
counting. Alternatively, the discrepancy may be linked to
most studies evaluating interventions targeting the physical
domain of mobility, whereas the PROM, even though assess-
ing physical function, include various interconnected mobil-
ity domains [69], such as psychosocial and environmental
factors [6]. As a result, improvements in the specific physi-
cal clinical measures might not be reflected in the broader
aspects of mobility assessed within the PROM.

Moreover, PROM such as the EORTC-QLQ-C30 and
SF-36 may not capture the nuances of mobility in a natural
setting [70]. These instruments focus on assessing mobility
domains situated within the "Activities and Participation”
component of the International Classification of Function-
ing, Disability, and Health (ICF) framework [70, 71]. How-
ever, within this ICF component, these PROMs offer limited
evaluation of mobility concerning community and social
participation, domestic life, and the ability to mobilise in
different settings [70]. Psychological, emotional and social
factors contribute to an individual’s walking experience
[72], but current measurement approaches, which particu-
larly rely on clinical measures, may not fully capture the
diverse dimensions of mobility. Only a few studies in our
review evaluated mobility in natural settings, where indi-
viduals navigate domestic life, engage in community activi-
ties and experience the broader facets of mobility. Tools such
as the PROMIS Cancer Item Bank for Physical Function,
AM-PAC, World Health Organisation Disability Assessment
Schedule (WHODAS), and PASE, may offer a more com-
prehensive assessment of mobility in people with advanced
cancer [70].

Access and inclusivity

The geographical considerations highlighted in this review
emphasise challenges associated with centre-based inter-
ventions, including distance from the site, transportation,
and parking. A majority of studies were conducted in large
metropolitan areas, potentially limiting the generalisability
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of findings to rural or remote populations [73]. Exploring
alternative delivery methods, particularly for those ben-
efiting from non-pharmacological interventions but facing
access challenges, is crucial. The effectiveness of tele-reha-
bilitation, catalysed further by the recent COVID-19 pan-
demic, underscores the potential for alternative healthcare
modalities [17]. A third of the reviewed studies investigated
home or community-based interventions, incorporating tel-
ephone and/or online support, with 45% showing signifi-
cant improvements in mobility. Whilst telerehabilitation in
advanced cancer has shown to be cost-effective [74], fur-
ther research is needed to compare outcomes across various
delivery models and assess their impact on factors such as
quality of life [75].

Regarding inclusivity, the seven studies that reported
ethnicity revealed a significant overrepresentation of white
participants (> 80%). While this may be representative of
the local population, programmes should actively eliminate
barriers to inclusivity, ensuring equitable representation for
traditionally underserved and underrepresented populations
in both research and healthcare [76].

Considerations for future research

While exercise and electrotherapy interventions suggest
positive impacts on mobility, there is a significant gap in
addressing the broader concept of mobility beyond physi-
cal functioning. Future studies should integrate the various
domains in Webber and colleagues’ model [6], acknowledg-
ing their interconnected nature and influence on mobility,
whilst also considering geographical, sociocultural and
socioeconomic factors that may impact on access and inclu-
sion. Integrating secondary measures like PROM that assess
mobility within a natural setting, will offer a comprehensive
understanding of these interconnected domains. Moreover,
the absence of single component interventions, such as
holistic breathlessness services and occupational therapy,
underscores the need to explore these areas to understand
their potential impact on mobility.

Strengths and limitations

This review adheres to the recommendations outlined in
the PRISMA statement [15]. Transparency in reporting
was upheld through the development of a comprehensive
study protocol, and to minimise judgment errors and bias,
screening and data extraction were conducted indepen-
dently by two or more authors. Some limitations also war-
rant consideration. Firstly, due to the level of heterogene-
ity of the included studies, a metanalysis was not suitable.
The selected method of vote counting, grounded in statisti-
cal significance, offers limited insights into the magnitude

of effects and does not consider variations in the rela-
tive sizes of individual studies [77]. Additionally, studies
characterised by inadequate statistical power, which do
not sufficiently exclude clinically significant effects, risk
being counted as not demonstrating a therapeutic benefit
[77]. Secondly, the inclusion criteria, requiring studies to
have > 95% of their sample composed of individuals with
advanced cancer, led to the exclusion of studies that nearly
met this threshold, and may have resulted in the omission
of valuable data. Lastly, due to a lack of resources, a risk
of selection bias exists, as only studies published in Eng-
lish were included.

Conclusion

This systematic review suggests a positive impact of both
exercise and neuromuscular electrical stimulation interven-
tions on mobility outcomes. However, included studies were
mostly conducted in high resource countries and may not
be generalisable to other settings. Opportunities for future
research include the use of mobility outcomes to evaluate the
impact of tailored interventions targeting different domains
of mobility. Population and contextual factors should be
carefully considered to promote inclusivity and to eliminate
barriers for diverse populations.
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