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Abstract

Purpose The purpose of this study was to conduct a systematic review to assess the effect of exercise on symptoms and quality of
life in lung cancer patients.

Methods We conducted a systematic review using the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
guidelines. PubMed, Medline, Embase, Scopus, Web of Science, and SciELO were searched for studies published from January
1998 to January 2019. The review included all randomized controlled trials that evaluated the effect of exercise on symptoms and
quality of life of lung cancer patients. Two reviewers independently assessed the quality of all the included studies using the
Physiotherapy Evidence Database scale.

Results In total, ten studies (835 participants) met all inclusion criteria. Three studies investigated the effect of exercise after lung
resection, whereas four studies investigated it as a pre-surgery intervention. Two studies investigated the effect of exercise in
patients under systemic treatment only, and one study included patients on diverse treatment plans. Exercise protocols consisted
of different combinations of strength, aerobic, and inspiratory muscle training. Two trials, including 101 participants, found
significant difference in quality of life between groups, favoring the intervention group; and five trials, including 549 participants,
found significant inter-group differences in isolated symptoms, also favoring the intervention group.

Conclusions Exercise can lead to improvements of symptoms and of quality of life in lung cancer survivors. Providing resistance
training combined with high-intensity interval aerobic exercise after lung resection seems to be particularly effective. Further
studies are warranted to investigate exercise for patients with poor performance status.

Keywords Lung cancer - Exercise - Quality of life - Systematic review

According to the current American College of Sports
Medicine (ACSM) exercise guidelines for cancer survivors,

Background

Evidence supports that exercise is safe and may improve daily
life and tolerance to treatment in oncological patients [1].
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there is strong evidence supporting that combining moderate-
intensity aerobic and resistance exercise performed two to
three times per week for at least 12 weeks results in improve-
ments in fatigue and in quality of life (QOL) in this population
[2]. Though this consensus is of a tremendous contribution to
deliver evidence-based multidisciplinary care in oncology,
diagnosis-specific recommendations could provide additional
benefits to cancer patients [3], particularly when it comes to
treatment tolerance [2] and end-of-life care [4].

Lung neoplasms are the leading cause of cancer-related
deaths worldwide [4]. Non-small cell is the most common
histological type, accounting for 80-90% of the cases [5, 6].
Approximately 40% of all cases of non-small cell lung cancer
(NSCLC) are diagnosed with metastatic disease [7, 8] and
early palliative care leads to significant improvements in
QOL of these patients [9]. For those diagnosed at stages I
and I, and at stage IIIA in selected cases, surgery can be done
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with curative intent (followed by adjuvant therapies if needed)
[10], but resection for lung cancer is related to permanent and
irreversible reductions in QOL, in contrast with other major
visceral operations [11].

Physical training benefits lung cancer survivors who are
eligible for surgical treatment [12] and provides additional
comfort for those under exclusive palliative care [6], but ideal
methods to implement it, considering the heterogeneity of
those groups, are yet to be established. Thereby, here we con-
ducted a systematic review of randomized controlled trials
which investigated the effect of exercise interventions for lung
cancer patients. We aimed to provide evidence-based exercise
prescriptions that may safely result in improvements in their
symptom burden and QOL.

Methods
Protocol and registration

The review was conducted and reported in accordance with
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses [13] guidelines, and the protocol is registered
on the PROSPERO database [14] (CRD42018079429).

Search strategy

A thorough search on PubMed Central, Medline, Embase,
Scopus, Web of Science, and SciELO was started in
July 2018, and alerts in each database were set to keep returns
up to date until January 2019. We started with PubMed
Central and took its search algorithm as a reference to the
other databases. The search was set to consider title, abstract,
and index terms. The search terms were as follows: (((((“Lung
Neoplasms”[Mesh] OR Pulmonary Neoplasms OR
Neoplasms, Lung OR Lung Neoplasm OR Neoplasm, Lung
OR Neoplasms, Pulmonary OR Neoplasm, Pulmonary OR
Pulmonary Neoplasm OR Lung Cancer OR Cancer, Lung
OR Cancers, Lung OR Lung Cancers OR Pulmonary
Cancer OR Cancer, Pulmonary OR Cancers, Pulmonary OR
Pulmonary Cancers OR Cancer of the Lung OR Cancer of
Lung)) AND (((((((“Exercise”[Mesh] OR Exercises OR
Physical Activity OR Activities, Physical OR Activity,
Physical OR Physical Activities OR Exercise, Physical OR
Exercises, Physical OR Physical Exercise OR Physical
Exercises OR Exercise, Aerobic OR Aerobic Exercise OR
Aerobic Exercises OR Exercises, Aerobic OR Exercise
Training OR Exercise Trainings OR Training, Exercise OR
Trainings, Exercise)) OR (“Exercise Therapy”’[Mesh] OR
Therapy, Exercise OR Exercise Therapies OR Therapies,
Exercise OR Rehabilitation Exercise OR Exercise,
Rehabilitation OR Exercises, Rehabilitation OR
Rehabilitation Exercises OR Remedial Exercise OR
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Exercise, Remedial OR Exercises, Remedial OR Remedial
Exercises)) OR (“Resistance Training”[Mesh] Training,
Resistance OR Strength Training OR Training, Strength))
OR “Walking”[Mesh]) OR (“Rehabilitation”’[Mesh] OR
Pulmonary rehabilitation OR Physical rehabilitation))))
AND (randomized controlled trial [pt] OR controlled clinical
trial [pt] OR randomized [tiab] OR placebo [tiab] OR clinical
trials as topic[mesh:noexp] OR randomly [tiab] OR trial [tiab]
NOT (animals[mh] NOT humans[mh]))))).

Eligibility criteria
Types of studies

Only randomized controlled trials published in peer-reviewed
journals, in English, from January 1998 to January 2019 were
considered eligible.

Participants

The participants were defined as lung cancer patients. Studies
which also included patients with other types of neoplasms
were not considered eligible.

Intervention and comparison

The inclusion criteria regarding intervention and comparison
were as follows: (1) the intervention group underwent an ex-
ercise protocol, regardless if further components such as
counseling sessions and nutrition support were also provided,
and (2) there had to be a control group, which could have been
compared with the intervention arm by (a) having just regular
care without exercising, (b) having a different exercise regi-
men, or (c) having the same exercise regimen on a different
period.

Outcomes

The studies were required to report QOL and/or symptoms as
outcome measure.

Study selection

Selection was done by (1) merging search results using refer-
ence and removing duplicate records of the same report; (2)
assessing titles and abstracts to remove obviously irrelevant
reports; (3) retrieving full text of the potentially relevant re-
ports; (4) linking together multiple reports of the same study;
(5) examining full-text reports for compliance of studies with
eligibility criteria; (6) contacting the authors to obtain addi-
tional information if needed; and (7) making final decisions on
study inclusion and proceeding to quality assessment. All pa-
pers identified by the search strategy were blindly assessed by
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three independent reviewers through Rayyan QCRI web ap-
plication. After this process, an open-label discussion clarified
occasional disagreements, and a randomized controlled trial
could be included for quality assessment if at least two re-
viewers agreed that it was eligible.

Quality assessment

The quality assessment was based on the Physiotherapy
Evidence Database (PEDro) scale [15]. It measures the quality
of randomized controlled trials which investigated physical
therapy interventions [16, 17] by assessing external validity
(item 1), internal validity (items 2-9), and results (items 10—
11). The items consist of (1) eligibility criteria were specified;
(2) subjects were randomly allocated to groups; (3) allocation
was concealed; (4) the groups were similar at baseline regard-
ing the most important prognostic indicators; (5) there was
blinding of all subjects; (6) there was blinding of all therapists
who administered the therapy; (7) there was blinding of all
assessors who measured at least one key outcome; (8) mea-
sures of at least one key outcome were obtained from more
than 85% of the subjects initially allocated to groups; (9) all
subjects for whom outcome measures were available received
the treatment or control condition as allocated or, where this
was not the case, data for at least one key outcome was ana-
lyzed by “intention to treat”; (10) the results of between-group
statistical comparisons are reported for at least one key out-
come; (11) the study provides both point measures and mea-
sures of variability for at least one key outcome. Item 1 is not
considered on the summary score, despite being sufficient to
exclude a study if not accomplished. Taking into account the
inherent difficulty to maintain therapists and subjects blinded
under exercise intervention, we considered that losing two
points on items 5 and 6 could still maintain studies at high
quality standards. Thus, since some of our highest-quality
trials would probably reach up to 8 points, we considered
scores equal or superior to 6 as carrying a low risk of bias
and only those studies were included for full-text review.

Data extraction and analysis

The data were extracted from the included articles using a data
extraction form. Population sizes with mean age were collect-
ed, and details of the interventions were recorded including
the exercise types, intensities, duration and setting of each
session, frequency, and the total length of the interventions.
The outcomes were collected including the assessment tool,
results on QOL and symptoms, dropout rates, and adverse
events related to exercise. One investigator performed the data
extraction, which was verified by a second investigator. In
accordance with the Cochrane Handbook for Systematic
Reviews of Interventions [18], due to the heterogeneity of
the interventions in the studies included for full-text review

(e.g., Tai Chi, cardiovascular training, combined or not with
resistance training (RT)), we did not perform a meta-analysis.

Results
Study searching and selection

We identified 1998 studies based on the database searches.
After removing duplicates and studies that did not fulfill the
criteria, 17 studies were considered eligible for quality assess-
ment (Fig. 1).

Quality assessment

Table 1 shows details of the results of the quality assessment.
Ten studies, including 835 participants, were considered to
have low risk of bias and included for full-text review
[19-28]. Two studies were excluded for not satisfying criteri-
on 1, either by not clearly reporting the source of subjects [29]
or by not presenting a list of eligibility criteria [29, 30]. Five
other studies were excluded for carrying high risk of bias
[31-35]. When information was not clearly reported, criteria
were considered as not fulfilled.

Description of the studies

The details of each exercise intervention in the perspective of
the FITT principle (frequency/intensity/time/type), adopted
by the current ACSM exercise guidelines for cancer survivors
[2], are provided in Table 2. A sum of 835 participants living
with lung cancer at different stages was randomized. Two
studies recruited lung cancer patients with no restrictions on
histologic diagnosis and/or molecular drivers [26, 27], and
eight studies recruited NSCLC patients exclusively, including
one study in which all patients had tumors presenting EGFR-
activating mutations [28]. Five studies included patients
staged as [-IV [19, 20, 26, 34, 36], two studies included pa-
tients at stages [-Illa [23, 24], one study included patients at
stages Illa—IV [28], one study included patients at stages I-II
[27], and one study did not report staging [25]. Sample size
ranged from 24 [23, 28] to 235 [24] participants.

As performance status is a strong prognostic factor in lung
cancer patients, we searched in each study the Eastern
Cooperative Oncology Group (ECOG) Performance Status
(PS) classification of included patients. ECOG-PS is a 5-
point scale, where higher scores indicate greater disability
[37]. One study included patients within the ECOG-PS 0-1
range [28], and two studies included patients within ECOG-
PS 0-2 range [24, 26]. The remaining studies did not report on
PS.

Three studies investigated the effect of exercise in the post-
operative setting [24, 27, 36]. Four studies investigated the
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effect of exercise as a pre-surgery intervention [19, 20, 23, 25].
Two studies investigated the effect of exercise in patients un-
der systemic treatment only, either targeted therapy [28] or
chemotherapy [26]. One study included a pool of patients on
diverse treatments or no treatment at all [21].

The terms “moderate” and “high,” here applied to charac-
terize the intensity of exercise in the different protocols, are in
accordance with the American Heart Association Scientific
Statement [38]. Three interventions combined RT with high-
intensity interval training (HIIT) and breathing exercises [24,
25, 36]. One intervention combined RT with moderate-
intensity continuous aerobic training and stretching exercises
[27]. Three interventions consisted of aerobic exercises only,
either as a moderate-intensity interval protocol [28] or as
moderate-intensity continuous aerobic training [21]. One in-
tervention combined high-intensity continuous aerobic exer-
cise with stretching exercises, inspiratory muscle training
(IMT), and proprioceptive neuromuscular facilitation (PNF)
exercises [23]. Two interventions combined respiratory exer-
cises with aerobic training at intensities chosen by patients
either to just stay comfortable [19] or to achieve up to level
6 at the Borg Dyspnea Score [20]. One intervention consisted
of Tai Chi sessions [26]. No intervention consisted of resis-
tance training only.

The duration of the training sessions varied from 30 min
[19, 20] to 60 min [24, 26, 27, 36], and one study did not
report on duration [23]. The frequency of the sessions ranged
between twice per week [24] and daily exercises [19, 20].

@ Springer

Exercise sessions were partially supervised in two studies
[26, 27], and not supervised in one study [21]. Exercise ses-
sions were all supervised in the remaining studies. The lengths
of the protocols were heterogeneous, varying between 1 week
[19, 20] amd 20 weeks [36].

Outcomes

Two trials, including 101 participants, found significant dif-
ference in QOL favoring the intervention group after conclud-
ing their protocols, either in both the Physical and Mental
Component Summaries of the Short Form (36) Health
Survey (SF-36) [36], or in its Physical Component Summary
only [25].

Other five trials, including 549 participants, found
significant difference between intervention and control
groups in isolated symptoms favoring the intervention
group. Significant differences in anxiety and depression
levels [23] and in depression levels only [21] were
found through the Hospital Anxiety and Depression
Scale (HDAS). Significant differences in fatigue levels
were shown either through the European Organization
for Research and Treatment of Cancer - Core Quality
of Life Questionnaire, version 3.0 (EORTC QLQ-C30)
[24] or through the Multidimensional Fatigue Symptom
Inventory-Short Form (MFSI-SF) [26], and significant
difference in bodily pain was found through the SF-36
[27].



449

Support Care Cancer (2021) 29:445-457

ou ‘N S9K
(1 woyr
Surpnjoxa)
— — € S S S S 9 9 9 9 L L L L 8 § 21008 Arewiwing
Aqerea
pue sojewnsd
— — X X A X A X A X X X X X A A A o ‘1
suostredwod d
-noI3-uoameg
— —_— A A A A A A A A A A A A A A A 01
SISATeue 189
-I}-0)-Uonud)u[
— — N X N X A N N N X X X X X X A 6
dn-morjoy jo
— — N N N N N N A N N X N X N X A sseudpdwo) g
SI0SSasse
— — N N N N N X N X X N X N X X A JoSuipurg ‘L
systdexary
— — N N N N N N N N N N N N N N A jJoSuipurg -9
syoolqns
— — N N N N N N N N N N N N N N N joSuipurg g
Aqereduods
— — N A A X A X A X X X X X X X X surfeseq “f
uonedo[e
— — N N A N N X A X N X X X X X N Pa[edduo) ¢
uonedo[e
— — X X A X A X A X X X X X X X X wopuey ‘¢
J2IN0S
pue BLIdILID
N N A X A A X A X A A A X A A A A Aqisd 1
[o€] [1€] [ce] [s¢l [82] [sc] l61]
110T [67] [eel €10t ¥10C [¥€] L10T €102 ozl L1oT “Te [v2] [eT] v10T [L7] ed [12] [oz]  Lioz e
“le3e S10T “[eIe +10T T8 “Ie “Te39 910T e “le  “[e3d 9[0T ‘e WepIED 8107 [e “[eR $10T “Te S10T “[8 1 S10T “I¢ LIOT “[e 10 Sueny
Jueqly DIsqaznsef 10 MUOH 10131 Queqly P uUoy) uo[yg Suemy 10 Sueyz 0I1geS 1231SM()  OURIOJA }2 IyO0Ig UASPIBAPH 1R UY)) 19 NS ‘Te] ‘e Apmg / wy

areos (01(JHd) oseqere(] ouopIAT AdeIoyjoIsAyd oY) U0 paseq MIIAI JIEWIAISAS SIY} UI PAPN]OUL SAIPNIS A} JO JudwIssasse Ajjend) | djqel

pringer

Qs



Support Care Cancer (2021) 29:445-457

450

0:00 “A108ms oy €10T-010 O1MOd € :(00ST 1D NOSANH)
(%L°11)  210Joq “UOHUIAINUI AY) JO PUS ) 0£2-010 DI04 pue LAL-LIAT (Q) ‘Aep/urur o¢ :9 0y dn ‘AT] 93818 loc]
9 :0[ 1e 700 1o swoydwiAs ur sdnoid 7100 pareaI-yyeay  A193Ins 210joq  pIem juanedur) Yoom 2109s F1og ‘(d31A0p daygnN) AV () ‘syuoned L10T ‘T8
isnodor@  ULaMIOq QOUSIYIIP JUBOLIUSIS ON pue swoydwAs  oom | Sunieyg pasiazadng 1 Aireq (A7'8 ¥ 8¢9 98¢ ‘1¢=u) O] DTOSN 101 10 nS ‘e
0 ared rensn) (AT F
10D ured 9']/ 98k ‘(gg=u) D "UOISSIS/UI
93Uy Jo 0T Aep/suorssas ¢ :(000S
ose0 | :D[ QUAP[OA) LI ‘UOISSas/ur
He S 5074 (amuoo Sururen 07—S1 Aep 1od 001M) 1T gV-LINI ‘pajtodarx
0-5D “A1o5.ms oy €10T-010 D140d uoneiqeyat (q) “Aepyurur g :(o]qerojuod Jou Sd-D0dd [61]
(%€1)  210§0q ‘UONUOAIDIUI A JO PUO AT 0£0-0'10 DIMOA pue Aeys 0) syuoned £q pajsnlpe AN = A (114
¥ DI 1e 700 1o swoydwiAs ur sdnoid 7100 pareaI-ypeay  A193Ins 210joq  pIem juanedur) Yoom 1233 0our)sIsal ‘(201A9p doygnN) ‘syuoned ‘R
isnodor@  ULaMIOq QOUSIYIIP JUBOLIUSIS ON pue swoydwAS  yoom | Sunieyg pasiazadng 1Ae@ AV (®) :(A&p '€ F ¢'7L 988 ‘gg=u) DI DTOSN 09 Sueny ‘re]

“UWN[09 JUIWI] 9935 ‘Dyy WIpI
(K9 98k ‘9[[=) OI'T
'S)eaM 4 Is11j o) Surmnp
XBURYH [enplaIput Jo 909-0S
Jo sem Aypsuoyur A1ojendsarorpres,,
‘101ABY2q Sunowoid-yyeay
ur suosso| paseq-dnoid
9211} pUE ‘SUOISSAS FUI[ASUNOD
[enprAIpur 931y} (p) “(spnurwt
G) sanbruyod) osea[aI-uoISud)}
pue Suryolens ym pauIquiod
SOSI10IOX0 Surylealq (0) Seam

"€1DT-0T0 Pue 0€D-010 10710 A10A2 (8-0[-Z1) PAONpaI
uo (0z00°0=d) dnoi3 uonuaAIuI suonnadar pue uorssardord
0:D¥1 9Je[ Y JO IoAe] Ul pgg pue peol pim (YT JO %08-09)
0 DY W] S[oom U0amioq Justuosordur soues ¢ x sdargy :(umop [nd
YAV onSnej ur 90uIIp JUBdIUSIS pue 9sayo 03 [[nd ‘uorsudyxo 39|
(payodax €1DT-OT0 pue 0€D-010 ‘ssaxd 3500 ‘ssaxd 3oy - souryoeur)
%LTY) U0 (L100°0=d) dnois uonuoArsur SAVH :3uteq-[[om I (@) (saurur ) porrad
TP DT A[Fed oU) JO JOAB] UI U] JOoM I [eo1S0[0ydAsq umop 1009 ‘(sesned jnurw-| PIm
(payodar S[oAQ[ andney ur sdnoid usomioq 9¢-4S :3urag-ffom A193Ins pareuale XeurgH Jo %001-%S8
%L8€) 90URIOPIP JUBOYIUSIS "SYOIM 9T [e1oUaD) T-LIVA Ioe Syoom Je SOINUIW Z-] JO SO[0AD) seynuIul
T DYd 03 durpeseq wox (200'0>d) OAT €10T-010 O1MOd 1 Sunaes ST % LITH “(somum ¢) xeuryq — '¢-0 Sd-DODA
(syoom pue (z0'0 = d) DYF dnois yioq 0£D-0T0 DIMOHd DY A1e3ms POUILLIdIAP AJ[ENPIAIPUL JO %G8 B[[I-] se3e1g hzd
97 ur smye)s YeoH [eqoin DI1N0d 100 pare[aI-yieay 10je sAep paseq-dnoi3 syPom  Je dnurem :(ox1q Ioyowo30) gV (8) ‘syuoned 810C
1e) synodoi ul syudwoAoxduwr JuedyIugig pue swoldwAS ] Sunte)s :nyYq  pue pasiaredng 7] NOom/xg (K99 a3e ‘61 [=U) DYT DTOSN SET ‘e 10 18I0
UOTJUOAIUL
oy} Jo
OSI0I0Xd 33u9] pue
0} pajefor SUOISSaS
S)UOAD 9S1010XD SUOISSas oY} JO
9SIoApE pue o1 Jo uoneInp pue Asudul ‘9dA) AS10I9Xd
synodoiq SINSOY JUSWISSASSE PUB SAWONNQO) Surur |, Sumeg  Aouonbarj yym suonuoAliul A Jo uonduoseq uonendog Apms

SOIPM)S PapNIOUI JO SONSLIDIOBIRY) g d|qel

pringer

Qs



451

Support Care Cancer (2021) 29:445-457

8 DI sypuowt j9 pue pig¢ oy je dnoi3d Adexayjorper J0 9%08-09 10 GT-€T 9eds "AI-I S93e1g [12]
(sypuowt ¢ UOIIUOAIUI O} JO JOARJ UI S[OA] L-ISVAN SAVH  Suump‘A1a3ins (paseq-awoy) syoam AdY S1og :(urgy ‘Sunjem) v ‘sjuoned S102
je) s;nodoxg  uorssardop ur douaIePIp JueoyIuslg  :uoissaidop pue Aorxuy Yy posiazadns JoN 7] yeam/xg  (B) (ART'11 F 9L'H9 958 ‘gG=u) D[ DTOSN 911 ‘T 30 udy)

0 'sdnoi3 yroq ‘Aderoyjowrayd
DD 0 D] 10} SO[0AD woxy ‘Suryyeaiq [europqe
Be S 5074 Aderoypowoyo PAI19A0AI peY (sdnoi3 doop (o) ‘Buryojens (q) {so[oI1d
(%S7) (50°0>d) Kep-1¢ sjuoned uoym y10q I0§) 891 pue odu ‘WLIe :9SI0IOXO
71 DD Noom W7 pue g9 ays je dnoid Inoj oy s10JoN1SUI sKep 71 1oeduwr-moy (e) :(31odor o3e '72-0 Sd-D0DH
(%8°02) 14D T1e], 3y} JO JOARJ Ul SII00S J0 yoea Suump M JO S9[oKd Uo JOIIR ‘gf=U) D)) Aep/uIt()9 "Al-] so8®1S [92]
01 DI an3ney [erouad pue [eorsAyd Aep o1 Aunuod ¥ Kep (91438 Suex pogrdus) 1y 1e], ‘syuoned 910C ‘T8
:sinodoi  pue “INOSIA UT SOOUAIQIP JULIPIUSIS AS-ISAN :onSne oy uo SuntelS oY) UIJo ‘QWIOY Je  I1OYI0 A19A9 () :(31odar oFe uo Jowd ‘gp=u) D] Iooued Sunj 96 19 Sueyy
d1ed [ens)
(&1°9 F 6°0L 93¢ ‘oz=u) DD
‘Kep/suoIssos
T 91oAosesned ur | ‘sa[okd
9 x da1 g (s ¢—7) proy A1oyendsur
pue ‘(OAIN %08) suonendsur
paureysns (¢ :( @Ipwondg
9ANUROU] T YoBOD) LINI
(9) JeAIdUI JO SGf “(UOISSAS I |
Y} IO SALIDS §) SALIAS ¢ x dar
G ‘UOISSIS/SISINIOXD JUIPIP 9
:()y3rom-Apoq pue @pueg-eIoy])
I (Q) (uorssas o[
AU} J& PAULJOP-I OIOM SOIISUIUT)
DdM 3 JO %0€ T8 yoq ‘(uryy) "popiodor
0 umop {009 pue (urug) dn-uirem jou S4-00D4d
DD 001 Surpnjout ‘(DM JO %0) 51 "popodar
TIAV aAnoe Jo uruy, snd ([o[eos Srog  jou 219m sade)s
(%09) (100°0=d) PaLIpo oY) YSNOIY) Passosse] "OTOSN [scl
01 :DD uonoasal Sunj Joye syjuow (Tendsoy SUOISSIS DdM JO %08) Ausudur y3iy je Jo sisougerp L10T
(9%65) ¢ dnoi3 uonuoAIolUI Y} JO JOAR] A e WOoOI 91 jo urwi| Jo s9[0A0) :ururen [eAlour PoULIJUO0d ‘e 190
I1:D]  ul9¢-4S Jo Arewuung jusuoduio) 9¢-4S uoneIqeyar) ueIpaw :(unQ ¢ 19)owo310 9]94Kd) gV () o pajoadsns BIoIRD)
:sinodox  [BO1SAYJ oY) UT 90UIQPIP JUedyTudIS 100 PoYe[I-I[BIH aanerodoarg pasiazadng  oam/xg-¢ (K46 F 69 ‘0z=u) DI Yim syuaned of 01qoS
oIed [ens)
(£9'9 F 99 o3e ‘0g=1) D)
0 “UOISSIS/UI
DD 0 DI (9nuao Jururen 0€—ST ‘Aep 1od 201M) 1TV pauodax
YAV uoneN[Iqey ol (9) ‘uorssas/dar (g ‘Aep/suoissas jou S4-00Dd
UOTUOAIUI
ay Jo
IS10IOXd Su9| pue
0] paje[ar SUOISSIS
SIUOAD ISI0IOXD SUOISSAS Y} JO
9SIOApE pue oyl Jo uoneInp pue Asudul ‘9dA) 9s1010X0
sinodoig SINSY  JUSWISSISSE PUB SOWONN() Surur, Sumog  Aouonbarj yim suonusAI)ul oY Jo uonduosaqg uonendod Apmis

(ponunuod) g J[qeL,

pringer

Qs



Support Care Cancer (2021) 29:445-457

452

a3e ‘, ¢=u) D) ‘Surf[esunod asInu
aaneradoysod (3) ((oreog Siog

Y} uo Z[—[[ JO AIsudui ue ym
9pUI 9[9421q J0 N[em A[rep JO uIw
0€ + YoM © 931M] SB[ Tk Jururen
y3uons) SOSIOIOXS dWOY-UO

(2) “(urwg ) uonexe[a1 (p)

{(s10s g 03 uorssardord) jas x dax
01-9 :(ySrom Apoq - spuejs 0} s
‘saster 199y ‘sdn-days) s3] “yoeq

0 pue usWopqe ‘@pueg-eIdy [,
DD () DI U213 - suue) 13 (0) {(uorssas ‘payodar jou
HYdV WO1-S) 91-€T “(UOISSIS p-1) Sd-D0OO4
(LD ZI-11 dd¥ Siog (uwgz-01 il
1:00 "(10°0=d) £108ms ‘oIq ATeuone)s) gy (q)  pue [ soSelg
(%L1)  Ioye sypuows 4 dnoid uonuaAIul fsoyojans o5eo oroeIoyy/ 11/ 1N “100UEd Fun|
L DI oy Suwroaey ured Aipoq SOM (] + uorssaidoid poads Iojy pajerado [L2]
‘(sqpuowt Ut 20ULIQIIP JuLdYIUSIS 00 9¢ A1o3ms 1oye NOOM/XT UMM T-L Y Sumyem (U 1) Apeorper ¥10T e
1e) synodoi(g ur 9oudIdIp dnoi3-usomioq oN S “TOQ PABRI-PEOH  SYeam ¢ Sunieig pasiazadng urg dn Sururem (e) (A9 95e ‘TH=u) DI sjuoned g/ 30 myoorg
areos aanerado jsod prepuelg
0:00 (£g'8F6°69 98e ‘T¢=u) D)
Sururen ‘payodax
douefeq JOU Sem S[BAIJUI AU JO YySuo]
Suunp AU, UIW ()9 PIISE[ UOISSAS YIBH
myoery “LINI ATrep (9) ¢somas ¢ x dox xewr
dig “(sdnoi3 Z71-9 :(‘ssa1d 1op[noys-pue-1sayo
Jooses | :D] ur yoam 1od pue ‘spno doorq ‘moi Jess
YAV *dnoi3 uonuoAIUI yJ ‘oqussod ‘UOISU)XD YoBq ‘UOISU)X F]
(%%°9) oty Sunoaef {(€0'0=d) 0£D-OTO J1 owoy ‘ssaxd 39 - sauryoewr) 1y (q) orer ‘pajodax
7:90 uo eaudsAp ur pue ‘9¢-JS uo Siuoned 1B WINWIXeW J) JO 9%66—08 j0u SI-00Dd [z2]
(9¢‘c1)  seuewwng syuouodwo)) (zo o=d) 0£2-010 D1d0a A1231ns ay} Jeou Suraoryoe Sururen [BAIUL,, ‘AI-] s93e18 S102
D] [N pue (900 0=d) [esrsAyq eoudsAq 9¢-4S Ioye Syoom SOIUQD SSAWIY syeam  :([rupean uo [ydn Sunyiem) v (e) ‘spuoned ‘e
'smodoxq Ay YIOq U0 SOUAIRIP JULOYIUTIS 7100 Parefer-[esH L-G Sunrerg 1e) pastatadng (g Joam/Xg (&g 6719 98e ‘pg=u) DI OTOSN [9  Uespleapy
0
‘DD 0 -DI ‘usunean (0s=w
HIAV sAnoe ared [ens) (AyS°0T F LS'€9
%21) ou i sid 93e ‘gg=u) DD PoYIoUI USUOAIE]
L DD (T1°0- ‘€T€- 1D%S6 pue juouean ) UO PIseq PAINSLIW-J[S ‘paptodar
(%8°¢T) £60°0>d) -axreuuonsonb gqyH uo OTWR)SAS pue ‘9)eI 1189y WNWIXEW jou S4-00DA
UOTUOAIUI
ay Jo
IS10IOXd Su9| pue
0] paje[ar SUOISSIS
SIUOAD ISI0IOXD SUOISSAS Y} JO
9SIOApE pue oyl Jo uoneInp pue Asudul ‘9dA) 9s1010X0
sinodoig SINSY  JUSWISSISSE PUB SOWONN() Surur, Sumog  Aouonbarj yim suonusAI)ul oY Jo uonduosaqg uonendod Apmis

(ponunuod) g J[qeL,

pringer

Qs



453

Support Care Cancer (2021) 29:445-457

(T-LDVA) 19ue) JunT-Aderoy], 1ooue)) JO JUSWSSISSY [BUOnoun{
{(IS-TASIN) w0, uoys-A1ojuoau] woydwAg andne, euorsuswipnniy {(q-SAVH V-SAVH) 9[edS uoissaido pue Aarxuy [endsoy {(1-ISVIA) UOISIOA asduemIe], A10judAu] woydwAg 101u0) 100ue)
uosIopuy AN (9¢-4S) AoaIng yiedH (9¢) uo 1oys (€10 T-OT1O DLY0H) €1 1odue) Sung ameuuonsand) o1 Jo Ajfen() - 100Ue)) JO JUSULAI], pue YoIeasay 10j uonesiuesio ueadomnd (0eD-OT10
DLY0A) € UOISIOA rreuuonsand) 1 Jo Afeng) 9100 - 19oue)) JO JUSWIBAL], PUB [oIedsdy 10} uoneziue3i( ueadoind (4Nd) uoneyjoe} renosnwomau dandoooudord (1 J1H) Sururen [eardjur Ajisuajur
431y {(OTDOSN) 19oued Jun| [[9o-[[ews-uou () Uonioxe paarediad jo Juner ((OAIN) Aoedeo [ena rewrxewt (OMJ) Aroededs spom yead (YY) 9S10I10Xd 0} PRI SJUIAD 9SIQAPE () ANWANXD
Joddn ¢(g7) Anuenxd 1omof {(xewryH) {(1gV) Suturen Suryjealq [europqe el Jeay winwixew {(1g1) Sururen Surgealiq oweioy) (L)) Suturen opsnw Aroyendsur (V) 9SI0I0Xd 01qoIde (1)
Sururen doueysisal (D)) dnoi3 jonuod (D) dnoi3 uonuoAloiul (DY) dnoid uonejiqeyar axe] {(HYH) dnoid uonenqiqeyar Ajrey {(Sd-DODH) sSMeIS ouewIofdd dnoin A5ojoouQ) aAne1adoo)) ud)sey

‘payse JI suononysur
9SI0IOX? [BIOUAT + 0Ied [ensn
(Ag'9 F 19 93¢ 71=u) DD

-asuodsor
S, [ENPIAIPUL S} UO PIseq Sodm
0 7—1 A19A9 pIjsnlpe uorssai3ord '1-0 Sd-D0DH
DD 0 DI (E1-11 ddd 10 yeadzOA %09 "AI-®I]] So5e1S
HYAV pue ‘£ 1-S1 AdY 10 “eadzOA ‘Adeot
(%S ‘auraseq 03 pareduwiod 908 SuneuIae UIc—7 10818}
700 (50°0=d) an3nej pue (10°0=d) €10T-010 DIMOA JO S9[040) Sururen [ealoul uo syuaned
(%1'9€) voudsAp ur sjuswosodur 0€2-010 D.INOE (orurpd H(umo) dn-unem (UoE-g pajeinw (82
¥ DI pamoys dnoi3 uonuaardu] 100 100 pare[RI-yieay Aderoyy juanedino) syoom 19)oW0310 9[040 10 [[Tupean) gV () WD 710 ‘T8
:synodoig ur sdnoi3 uoamiaq UISPIP ON pue swoydwAg 1931e) SuLing pasiaradng g yoam/x¢ ((A7°'8FS°8S 93e ‘7[=u) D] JTOSN 7 10 Suemy
"SUOISSIS

[euoneonpa (q) ¢(senbruyod)
uorsuedxd Juny Sursuduwoo
Trendsoy ap jo j0o0301d

‘puow aunnor) 14D (8) (AL F 69 95e
JUO 1. SYJH U0 UMOYS dIoMm ‘ZI=U) D)) "SUOISSIS [RUOTIRONPD
0 dnoi13 uonuoAIuI oY) JO INOARJ d-SavHe @) “LINI ®) DMd %06 :(s[1eg1eq ‘pajodar jou
‘DD 0 -DI ur (20 0=d) sjoaa] uoissaxdop pue V-SVAH MM ANd) g0 SurudySudns Sd-D0OO4
HIAV 0 (200°0=d) AjorxuE U 2dUAIPIP ‘uorssoxdop pue Ajrxuy (P) ‘AN/AT Surgoleng (9) DM BITI- S95eIS [eT]
‘DD 0 -DI JuedyIusig 00 ur sdnoid 9¢-dS (rendsoy SYeam 9508 :([[TWPeAn) FV (q) :S9SI0IXd "sjuoned ¥10T T®
isnodor@  ULaMIOq QOUSIYIIP JUBOLIUSIS ON TOO PareRI-yiedq aanerddoarg ul) pasiaradng  § yoam/xg  dn-uwrem (e) (A8 F g9 a3e ‘7=u) DI DTOSN T 12 OUBION

“Bur[josunoo asmu
aaneradoysod (q) ‘(pafreop da0qe
WOPT) SASI0IOXA dWOY-UO (B) :(AG9

UOTIUSAIUT
oy Jo
9SI0IOXd yiSuop pue
0} pajefar SUOISSOS
SJUOAD 9SI0IOX0 SUOISSOS A1) JO
9SIOApE pue oy} Jo uoneInp pue Asudul 9dA} 9s1010%d
sinodoig S)NSY  JUSWISSISSE PUE SAWOIANQ) Suruny, Sumag  Aouonborj M suonuoAIdiur ) Jo uondosag uonendog Apms

(ponunuod) g J[qeL,

pringer

Qs



454

Support Care Cancer (2021) 29:445-457

Three studies [19, 20, 28] did not show any significant
between-group difference concerning the outcomes of interest
of this review.

Dropout rates ranged between 0 [23] and 55% [25]
in the intervention groups and between 0 [19, 20, 23]
and 50% [25] in the control groups. The study arms
which had exercise (including all intervention groups,
both early and late rehabilitation arms in Quist et al.
[24], and the control group in Zhang et al. [26]) had
an average dropout rate of 25.6%. The groups which
received usual care had an average dropout rate of
8.8%.

Two adverse events related to exercise were reported: one
case of hip fracture, occurred during a balance training [36],
and one case of knee pain [19].

Discussion

This review aimed to identify effective exercise methods for
improvements of symptoms and of QOL in lung cancer pa-
tients. Lung cancer survivors might have poor interest in phys-
ical rehabilitation for reasons including fear of extra burden
and a perception of limited potential benefits [39], which may
partially explain the limited number of high-quality trials we
found and the high dropout rates of some studies. In this con-
text, some of the successful programs here reviewed included
the exercise program in an individualized and comprehensive
plan of care, featuring counseling sessions and addressing
issues as emotional support, pain management, nutrition, sex-
ual activity, and smoking cessation.

Supervised and group-based exercise sessions, by counting
with support by the personnel and promoting social interac-
tion between participants, also seem to improve adherence. In
Brocki et al. [27], considering subjects available for analysis,
only 43% of the intervention group and 15% of the control
group self-reported adherence to at-home resistance and aero-
bic training at least twice weekly. On the other hand, the in-
tervention arm had an attendance of 97% to at least 8 out of the
10 supervised sessions, which consisted essentially of
moderate-intensity continuous aerobic training and RT.
These sessions were provided only once per week due to
geographical issues. Four months after the surgery, the inter-
vention group showed significantly less bodily pain than the
control group (p =0.01). The lack of inter-group difference in
QOL was considered to be a consequence of the low frequen-
cy of training and the fact that some patients were enduring
treatment-related side effects on the day of the sessions. In
Edvardsen et al. [36], the sessions were postponed when pa-
tients receiving chemotherapy did not have conditions to ex-
ercise. In addition, the physical training was supervised three
times per week at fitness centers close to each participant’s
home and was group-based 1 h per week if possible. With

@ Springer

such a great accessibility, a total of 55 sessions had an atten-
dance of 88 +29% (participants were permitted to exceed the
total hours proposed). Compared with the control group, the
intervention group showed significantly less dyspnea (p =
0.03), and higher scores on both the Physical (p = 0.006) and
Mental (p = 0.015) Component Summaries of SF-36. The pro-
tocol consisted essentially of RT and HIIT in the same ses-
sions. RT has been shown to prevent surgery-associated mus-
cular atrophy, thus enhancing recovery and function in oper-
ated patients [40]. For additional safety and optimized results,
there was a focus on technique of execution during the first
4 weeks and a continuous management of exercise intensity
based on the progress of individual participants. For its part,
HIIT was the choice for cardiovascular exercise in this study.
HIIT is effective in stimulating both metabolic and neuromus-
cular systems simultaneously [41], and has been shown to be
superior to moderate-intensity continuous aerobic training in
reducing systemic inflammation in patients with several clin-
ical conditions [42]. We shall remark that the length of inter-
vals between the high-intensity rounds of cardiovascular ex-
ercise was not reported in this trial, however. That information
would have been valuable for a deeper interpretation of find-
ings and for future research in this field. Furthermore, appro-
priately reporting it would facilitate the application of this
method in community settings.

The protocol in Quist et al. [24] was also based on RT and
HIIT, with progression of the exercise intensity. The sessions
were all group-based and distributed twice per week, which,
taking Edvardsen et al. [36] as a benchmark, makes this pro-
gram more realistic for a number of health care teams. Both
early and late rehabilitation groups had greater global health
status at the week 26 compared with their pre-surgery condi-
tions (p =0.02 and p < 0.002 respectively). These findings are
particularly important given that it takes 2 years for NSCLC
patients who underwent lung resection to achieve their pre-
surgery global health levels [11]. Furthermore, the benefits
were observed to be persistent. The ERG (early rehabilitation
group) started exercising as early as 14 days after operation
and showed lower fatigue levels (p = 0.0017) at week 14 com-
pared with those who were not exercising. Then, from week
14 to week 26, the LRG (late rehabilitation group) went
through the same exercise protocol and had a significant great-
er improvement in fatigue levels than the ERG within that
period (p < 0.0020). However, no inter-group difference could
be found at this point, suggesting that the earlier benefits
achieved by the ERG were sustained through the following
12 weeks.

Overall, the three above-referenced trials had a sum of 374
cases of lung cancer status post lung resection and, with a rate
of adverse events related to exercise of 3.3:1000, they demon-
strated that exercise can improve QOL and the symptom bur-
den in this population. The observed late and durable effects
shall also be explored by pre-surgery rehabilitation programs,
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as they may preemptively help on the initial recovery phase
after lung resection, when NSCLC patients have the most
consistent decline in QOL [43]. However, the time frame
can be particularly challenging as surgeries may be scheduled
shortly in advance. The 7-day interventions in Lai, Su et al.
[20] and in Lai, Huang et al. [19] were found to decrease
hospital stay and prevent postoperative pulmonary complica-
tions (PPCs), but QOL was not reassessed on the recovery
phase in none of these studies. After training five times per
week for 4 weeks prior to surgery, the participants in Morano
et al. [23] had lower anxiety (p =0.002) and depression (p =
0.02) levels 1 month after the operation. In Sebio Garcia et al.
[25], the pre-rehabilitation arm attended a median of 16 ses-
sions including RT and HIIT, with progression of volume and
intensity after the 10th session, and showed superior scores in
the Physical Component Summary of the SF-36 3 months
after the operation (p=0.001) compared with the control
group. However, due to the high dropout rates, data was per-
protocol analyzed in this trial. In addition, we only considered
the study arms to be comparable at the baseline assessment
because the greater pulmonary function and lower body mass
index (BMI) of the patients receiving usual care did not lead
them to have a significant lower frequency of sub-lobar resec-
tion (p =0.229). Although the authors affirmed that a univar-
iate general linear model showed no interaction between the
exercise capacity and the extent of the resection, one could
consider that baseline unbalance as an extra source of bias
added to the per-protocol analysis. Thus, more studies are
warranted to assess the actual extent of the benefits of a few
sessions of HIIT and RT prior to surgery in this population.
In patients not eligible for surgical treatment, RT holds
potential to prevent functional dependence and QOL deterio-
ration by counteracting the massive loss of skeletal muscle
they may endure as the disease progresses [44, 45].
Nevertheless, a number of people living with advanced lung
cancer will initially not be able to engage to conventional RT.
Bedridden patients may benefit from sessions of sitting up at
the bedside several times per day [46], which may gradually
improve their mental and physical health, leveraging them
into more robust training later on. Individual preferences shall
also be taken into account in this process. Both study arms in
Zhang et al. [26] were provided gentle metabolic and neuro-
muscular stimuli, but the likely pleasurable component of Tai
Chi for Chinese patients may have contributed to the lower
fatigue levels it induced compared with low-impact exercise
(p <0.05). This was the only study in which the interventions
took place exclusively during chemotherapy cycles, when the
associated side effects can mitigate compliance and outcomes.
Under those circumstances, traditional programs may comple-
ment the management of intensity, volume, and frequency
with eventual shifts to pleasurable and gentle modalities,
adding up to a periodization method. Periodization can be
defined as the systematic manipulation of training variables

to elicit targeted adaptations at specific time points throughout
the rehabilitation process [47]. It may optimize exercise re-
sponse and prevent the onset of overtraining in a population
already overwhelmed with fatigue [48]. Other transitory ad-
justments such as providing individual sessions with increased
attention to equipment sanitization in cases of neutropenia, or
just allowing a flexible schedule when minor acute symptoms
arise, may also be considered for additional safety, compli-
ance, and better outcomes. Importantly, for patients who
underwent lung surgery or who present with a remarkable
decline in their physical condition, extreme fatigue, or bone
pain, providing evaluation or re-evaluation by the medical
team is imperative for appropriate planning or modifications
to the exercise program [2].

The main limitation of this review was the low availability
of high-quality trials, which prevented us from drawing
deeper conclusions. The lack of trials focused on patients with
poor performance status was an additional flaw. It narrows our
findings by excluding a large population of people living with
lung cancer.

Conclusions

Despite the few high-quality studies available, results from
this systematic review ratify that an exercise program can lead
to improvements of symptoms and of QOL in lung cancer
survivors. For patients who underwent lung resections, com-
bining resistance training with high-intensity interval aerobic
exercise at the same session at least twice per week seems to
be particularly effective. Further studies are warranted to in-
vestigate training methods for patients with poor performance
status.
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