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Abstract
Objective:  In  people  following  curative  intent  treatment  for  non-small  cell  lung  cancer,  to
investigate the  effects  of  supervised  exercise  training  on  exercise  capacity,  physical  activity  and
sedentary  behavior,  peripheral  muscle  force,  health-related  quality  of  life,  fatigue,  feelings  of
anxiety and  depression,  and  lung  function.
Method:  This  pilot  randomized  controlled  trial  included  participants  6---10  weeks  after  lobec-
tomy for  non-small  cell  lung  cancer  or,  for  those  who  required  adjuvant  chemotherapy,  4---8
weeks after  their  last  cycle.  Participants  were  randomized  to  either  8  weeks  of  supervised  exer-
cise training  (exercise  group)  or  8  weeks  of  usual  care  (control  group).  Prior  to  and  following
the intervention  period,  both  groups  completed  measurements  of  exercise  capacity,  physical
activity and  sedentary  behavior,  quadriceps  and  handgrip  force,  HRQoL,  fatigue,  feelings  of

anxiety and  depression,  and  lung  function.  Intention-to-treat  analysis  was  undertaken.
Results:  Seventeen  participants  (mean  age  67,  SD  =  9  years;  12  females)  were  included.  Nine
and eight  participants  were  randomized  to  the  exercise  and  control  groups,  respectively.  Four
participants  (44%)  adhered  to  exercise  training.  Compared  with  any  change  seen  in  the  control

� Trial registered the Australian New Zealand Clinical Trials Registry (ACTRN12611000864921). https://www.anzctr.org.au/Trial/

egistration/TrialReview.aspx?id=343247.
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group,  those  in  the  exercise  group  demonstrated  greater  gains  in  the  peak  rate  of  oxygen
consumption  (mean  difference,  95%  confidence  interval  for  between-group  difference:  0.19
[0.04---0.33]  L  min−1)  and  6-minute  walk  distance  (52  [12---93]  m).  No  other  between-group  dif-
ferences  were  demonstrated.
Conclusions:  In  people  following  curative  intent  treatment  for  non-small  cell  lung  cancer,  8
weeks of  supervised  exercise  training  improved  exercise  capacity,  measured  by  both  laboratory-
and field-based  exercise  tests.  These  results  suggest  that  this  clinical  population  may  benefit
from attending  exercise  training  programs.
© 2017  Associação  Brasileira  de  Pesquisa  e  Pós-Graduação  em  Fisioterapia.  Published  by  Elsevier
Editora Ltda.  All  rights  reserved.
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Introduction

Lung  cancer  is  the  leading  cause  of  death  for  malignancy
worldwide.1 Data  from  the  Australian  Institute  of  Health
and  Welfare  revealed  that  the  5-year  survival  of  people  with
lung  cancer  is  15%.2 In  people  diagnosed  with  lung  cancer,
85%  of  cases  are  non-small  cell  lung  cancer  (NSCLC).3 Impor-
tantly,  for  people  diagnosed  with  early  stage  NSCLC,  surgical
resection  of  the  tumor,  with  or  without  adjuvant  chemother-
apy,  is  considered  to  be  a  curative  intent  treatment,4 and
the  5-year  survival  of  people  following  lung  resection  is  up
to  80%.4

Lung  resection  is  associated  with  marked  reductions  in
exercise  capacity  (i.e.,  peak  rate  of  oxygen  consumption
[VO2peak])5---7 and  health-related  quality  of  life  (HRQoL).8,9

Although  there  is  strong  evidence  that  exercise  train-
ing  improves  exercise  capacity  and  HRQoL  in  people  with
chronic  respiratory  conditions  such  as  chronic  obstructive
pulmonary  disease  (COPD)10 and  interstitial  lung  disease,11

there  are  few  studies  investigating  the  role  of  exercise  train-
ing  for  people  who  have  recently  completed  curative  intent
treatment  for  NSCLC.  Preliminary  data  suggests  that  exer-
cise  training  may  play  an  important  role  for  individuals
with  a  variety  of  cancer  diagnoses.12,13 A  recent  Cochrane
systematic  review,  which  included  three  randomized  con-
trolled  trials  (RCT)  of  exercise  training  in  people  following
lung  resection  for  NSCLC,  demonstrated  an  increase  in
six-minute  walk  distance  (6MWD).14 However,  this  finding
needs  to  be  interpreted  with  caution  due  to  methodologi-
cal  shortcomings  of  the  included  studies,  such  as  lack  of
computer-generated  randomization  sequence  and  blinding
of  outcome  assessors,  per-protocol  analysis,  and  selective
reporting  of  results.  Further,  in  the  three  studies  included
in  the  review,  outcome  measures  were  limited  to  exercise
capacity,  muscle  strength,  and  HRQoL.

Therefore,  the  aim  of  this  pilot  study  was  to  inves-
tigate  the  effects  of  supervised  exercise  training  on  a
wide  range  of  outcomes  such  as  exercise  capacity,  physical
activity  and  sedentary  behavior,  peripheral  muscle  force,
HRQoL,  fatigue,  feelings  of  anxiety  and  depression,  and
lung  function  in  people  following  curative  intent  treatment
for  NSCLC.  We  sought  to  use  a  design  that  would  over-
come  some  of  the  methodological  shortcomings  evident  in

earlier  work  by  concealing  the  computer-generated  ran-
domization  sequence,  blinding  the  outcome  assessor,  and
analyzing  the  data  according  to  the  intention-to-treat  (ITT)
principle.

H
f
t
n

ethod

tudy  design  and  participants

his  study  was  a  pilot  single-blinded  RCT  approved  by
he  Ethics  Committees  of  Sir  Charles  Gairdner  Hospital
SCGH)  and  Royal  Perth  Hospital  (RPH),  Perth,  WA,  Aus-
ralia  (approval  numbers  2011/105  and  RA-11/033)  and
urtin  University,  Perth,  WA,  Australia  (approval  num-
er  HR178/2011).  The  trial  was  prospectively  registered
15/08/2011)  with  the  Australian  New  Zealand  Clinical  Trials
egistry  (ACTRN12611000864921).

Data  collection  was  performed  between  February  2012
nd  April  2014.  Measurements  were  collected  in  people
---10  weeks  after  lobectomy  for  NSCLC  (stages  I---IIIA)  or,
or  those  who  required  post-operative  chemotherapy,  4---8
eeks  after  their  last  chemotherapy  cycle.  Exclusion  crite-

ia  comprised:  presence  of  any  co-morbid  condition  that
ould  compromise  safety  during  assessments;  severe  neu-
omusculoskeletal  limitations;  participation  in  a  program  of
upervised  exercise  training  in  the  last  3  months;  and  inabil-
ty  to  understand  spoken  or  written  English.  Participants
ere  recruited  from  outpatient  clinics  and  referrals  to  the
ulmonary  rehabilitation  programs  at  two  hospitals  and  a
rivate  thoracic  surgery  clinic.

rotocol  and  measurements

fter  obtaining  written  informed  consent,  baseline  assess-
ents  were  undertaken  over  2---3  days,  with  a  minimum  of

4  h  between  each  assessment  day.  Participants  were  then
andomized  to  an  exercise  group  (EG)  or  a  control  group
CG).  The  randomization  sequence  was  generated  and  man-
ged  by  an  independent  researcher  using  a  computer  and
oncealed  using  sequentially  numbered  opaque  envelopes.
he  sequence  was  stratified  according  to  the  hospital  from
hich  the  participant  was  recruited  and  for  the  use  (or  not)
f  adjuvant  chemotherapy.

Participants  were  reassessed  on  completion  of  the
-week  intervention  period.  The  primary  outcome  was
xercise  capacity.  Secondary  outcomes  comprised  physical
ctivity  and  sedentary  behavior,  peripheral  muscle  force,

RQoL,  fatigue,  feelings  of  anxiety  and  depression,  and  lung

unction.  The  primary  investigator,  who  was  responsible  for
he  baseline  and  post-intervention  period  assessments,  was
ot  aware  of  whether  a  participant  had  been  allocated  to  the
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G  or  the  CG.  For  both  baseline  and  post-intervention  period
ssessments,  the  first  and  second  assessment  days  took  place
t  the  hospital  at  which  the  participants  had  received  their
reatment.

Measurements  performed  on  the  first  assessment  day
ere:

(i)  6MWD  (45-m  straight  course  within  an  enclosed  corri-
dor.  Two  tests,  separated  by  a  30-min  rest  period,  were
conducted  and  the  best  6MWD  was  recorded  as  the  test
result).15,16

ii)  HRQoL  (Medical  Outcomes  Study  Short-Form  36  gen-
eral  health  survey  (SF-36),17 Functional  Assessment  of
Cancer  Therapy  --- Lung  scale  (FACT-L),18 and  European
Organisation  for  Research  and  Treatment  of  Cancer,
Quality  of  Life  Questionnaire  Core-30  [EORTC  QLQ-
C30]19).

ii)  Feelings  of  anxiety  and  depression  (Hospital  Anxiety  and
Depression  Scale  [HADS]20).

iv)  Fatigue  (Functional  Assessment  of  Chronic  Illness  Ther-
apy  --- Fatigue  subscale  [FACIT-Fatigue]21).

v)  Isometric  handgrip  force  (measured  using  a  hydraulic
hand  dynamometer  [Jamar;  JA  Preston  Corporation;
USA]).  Peak  handgrip  force  was  assessed  bilaterally,  with
the  elbow  at  90◦ flexion  and  the  forearm  and  wrist  in  a
neutral  position.22

Participants  were  also  given  two  physical  activity  moni-
ors  (the  SenseWear  armband23,24 and  the  Stepwatch  activity
onitor25)  to  be  worn  over  7  consecutive  days.  A  minimum

f  4 full  days  of  data  (defined  as  ≥10  h/day  of  monitoring),
ncluding  one  weekend  day,  were  required  for  participants’
ata  to  be  included  in  analyses.  Data  on  energy  expendi-
ure  (i.e.,  metabolic  equivalent  units  [MET]),  provided  by
he  SenseWear  armband,  and  daily  step  count,  provided  by
he  Stepwatch,  were  averaged  for  analysis.  Using  measures
f  MET  derived  from  the  SenseWear  armband,  proportion
f  time  spent  in  three  domains  were  calculated:  (i)  seden-
ary  behavior  (≤1.5  MET);  (ii)  light  intensity  physical  activity
>1.5  and  ≤3  MET);  and  (iii)  moderate-to-vigorous  intensity
hysical  activity  (>3  MET).26

Following  the  completion  of  7  days  of  activity  mon-
toring,  participants  returned  for  the  second  assessment
ay,  during  which  measures  were  made  of  spirome-
ry,  lung  volumes,  and  gas  transfer.27---30 The  Medgraphics
lite  Series  DX  plethysmograph  (Medical  Graphics  Corpora-
ion,  USA)  was  used.  Thereafter,  a  symptom-limited  ramp
ycle-ergometry  cardiopulmonary  exercise  test  (CPET)  was
ndertaken  on  an  electronically  braked  bicycle  ergometer
Corival;  Lode,  The  Netherlands)  in  accordance  with  pub-
ished  guidelines.31 Breath-by-breath  measurements  were
ollected  (UltimaTM CardiO2

®
;  MGC-Diagnostics,  USA).  Blood

ressure  was  measured  every  2  min  by  automated  sphyg-
omanometry.  Twelve-lead  electrocardiography  was  used

nd  arterial  oxygen  saturation  measured  via  pulse  oximetry
SpO2)  was  continuously  monitored  (Radical;  Masimo  Cor-
oration,  USA).  The  modified  BORG  scale  (0---10)  was  used
o  quantify  dyspnea  and  leg  fatigue  prior  to  starting  the

est,  each  minute  during  the  test,  and  on  test  completion.
easures  were  collected  of  peak  rate  of  oxygen  consump-

ion  (VO2peak),  VO2 at  the  anaerobic  threshold  (AT)  maximum
ork  rate  (Wmax),  and  oxygen  pulse  (O2 pulse),  which  was

w
e
(
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alculated  by  dividing  the  VO2peak by  the  maximal  heart
ate.31 The  Wmax  and  measures  of  VO2peak were  expressed  in
bsolute  values  and  as  a  percentage  of  the  predicted  value
n  a  healthy  population.32

The  third  assessment  day  comprised  the  measurement  of
sometric  quadriceps  muscle  torque.33 It  was  performed  in
he  upright  seated  position  using  the  HUMAC  NORM  isoki-
etic  dynamometer  (CSMi;  Stoughton,  USA).  The  dominant
eg  was  chosen  and  participants  were  asked  to  perform  five
aximum  contractions  of  the  quadriceps  at  60◦ knee  flex-

on.  Each  contraction  was  separated  by  60  s.  The  contraction
hat  generated  the  highest  torque,  and  was  within  5%  of
nother  effort,  was  recorded  as  the  test  result.  Measures
ere  expressed  in  absolute  values  and  as  a  percentage  of

he  predicted  value  in  a  healthy  population.33 The  measure-
ent  of  isometric  quadriceps  muscle  torque  took  place  at

he  University.  As  the  University  is  approximately  15  km  from
ither  of  the  hospitals,  participants  were  given  the  option
o  decline  this  assessment.

xercise  group

articipants  in  the  EG  underwent  an  8-week  exercise  train-
ng  program  aimed  at  improving  aerobic  capacity  and  muscle
trength.  This  program  was  embedded  within  the  exercise
raining  programs  at  SCGH  and  RPH.  It  comprised  individ-
al,  supervised  training  three  times  per  week  delivered  by
enior  physical  therapists.  Each  session  was  60  min  in  dura-
ion.  In  the  event  that  a  participant  could  only  attend  two
upervised  sessions  per  week,  they  were  provided  with  a
ycle  ergometer  (OBK600A;  Orbit  fitness  equipment,  Perth,
A,  Australia)  to  use  at  home  for  one  training  session  per
eek.  Each  class  comprised  aerobic  (walking/cycling)  and

esistance  training  (upper/lower  limbs).  Adherence  to  exer-
ise  training  was  defined  as  a  completion  rate  of  ≥60%  of
raining  sessions  (i.e.,  ≥15  training  sessions)  and  reported
y  the  senior  physical  therapists  to  the  investigators.

Participants  walked  in  a  100-m  long  corridor  or  on  a  tread-
ill  for  20  min.  For  corridor  walking,  the  initial  average

peed  was  set  at  80%  of  the  average  6MWT  speed.34 For
nstance,  for  someone  with  a  baseline  6MWD  =  450  m,  the
alking  goal  was  calculated  as  follows:

MWD  =  450  m  →  average  speed

= 4.5  km/h  →  initial  speed  =  3.6  km/h

herefore,  during  the  20  min  of  walking,  this  person  would
e  instructed  to  walk  1200  m  (i.e.,  6  laps).

For  treadmill  walking,  the  initial  average  speed  was
et  at  70%  of  the  average  6MWT  speed.34 Average  walking
peed  was  increased  if  the  participant  was  able  to  walk
or  20  min  continuously  providing  symptoms  and  SpO2 were
ithin  acceptable  limits  (≥88%).  Cycling  consisted  of  10  min
f  endurance  training  (initial  work  rate  was  set  at  60%  of  the
max  achieved  during  the  CPET)  and  two  periods  of  2  min

f  power  training  (initial  work  rate  was  set  at  80%  of  the
max  achieved  during  the  CPET  performed  at  the  baseline

ssessment).

The  resistance  training  comprised  step-ups  (undertaken

ithin  parallel  bars  in  two  sets  of  10  repetitions)  and
xercises  with  hand  weights  for  the  biceps  brachii  muscle
elbow  flexion)  and  deltoid  muscle  (short-lever  shoulder
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Assessed for eligibility (n=96) 

Excluded (n=79) 
-  Did not meet inclusion criteria (n=28)
-  Declined to participate (n=50)
-  Other reasons (n=1)

Analyzed   

• CPET (n=6) 

• 6MWT (n=6)
• HRQoL (n=9) 
• Quadriceps torque (n=5) 
• Handgrip force (n=7) 
• Physical activity (n=8) 
• Lung function (n=7) 
• Fatigue (n=9) 
• Anxiety/depression (n=9) 

Allocated to exercise group (n=9)
-  Received allocated intervention (n=9)

Allocated to control group (n=8)
-  Received allocated intervention (n=8)

Analyzed 

• CPET (n=8) 

• 6MWT (n=7)
• HRQoL (n=8) 
• Quadriceps torque (n=4) 
• Handgrip force (n=8) 
• Physical activity (n=8) 
• Lung function (n=8) 
• Fatigue (n=8) 
• Anxiety/depression (n=8) 

Allocation

Analysis

Randomized (n=17)

Enrollment 
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Figure  1  St

abduction).  Upper  limb  training  was  undertaken  in  three
sets  of  10  repetitions  (initial  weights:  1.5  kg  for  women  and
2  kg  for  men).

Control  group

Participants  in  the  CG  were  instructed  to  continue  to  per-
form  their  usual  activities  during  the  period  of  the  study.
They  received  weekly  phone  calls  from  a  research  assistant,
which  consisted  of  general  conversation  as  well  as  stan-
dardized  questions  about  their  health  and  well-being.  These
phone  calls  allowed  the  investigators  to  maintain  contact
with  those  in  the  CG  and  optimize  their  retention  in  the
study  and  also  served  to  minimize  bias  resulting  from  dif-
ferences  in  attention  provided  by  the  investigators  to  the
participants  during  the  intervention  period.

Statistical  analyses

Statistical  analyses  were  performed  using  SPSS
®

(Statis-
tical  Package  for  Social  Sciences,  version  22.0).  As  this
is  a  pilot  RCT,  sample  size  was  determined  by  the  num-

ber  of  participants  recruited  during  the  period  allowed
for  commencement  and  completion  of  the  study  (i.e.,
from  February  2012  to  April  2014).  Analyses  were  under-
taken  according  to  the  intention-to-treat  principle.  The

t
r
s
i

ow  diagram.

istribution  of  data  was  analyzed  via  frequency  histograms
nd  the  Shapiro---Wilk  test.  For  normally  distributed  data,
oth  within-  and  between-group  differences  were  assessed
sing  two-way  repeated  measures  ANOVA.  Between-group
ifferences  are  reported  as  the  mean  difference  and  95%
onfidence  interval  (CI)  (F  values  are  provided  in  the
ables).  Regarding  non-normally  distributed  data,  within-
roup  differences  were  assessed  using  a  Wilcoxon  test
hereas  between-group  differences  were  assessed  using

 Mann---Whitney  test.  For  all  analyses,  a  p  value  <0.05
as  considered  significant.  Data  are  expressed  as  either
ean  ±  standard  deviation  or  median  [interquartile  range].

esults

he  study  flow  diagram  is  presented  in  Fig.  1.  Seventeen
articipants  (12  females)  were  randomized  to  the  EG  (n  =  9)
r  the  CG  (n  =  8).  Baseline  characteristics  of  the  participants
re  summarized  in  Table  1.

Of  the  nine  participants  randomized  to  the  EG,  four  (44%)
dhered  to  exercise  training  by  completing  15  or  more  train-
ng  sessions  (i.e.,  ≥60%).  The  mean  number  of  sessions

hat  these  four  participants  completed  was  17  ±  3.  Of  the
emaining  five  participants,  one  completed  10  sessions  and
topped  training  as  they  contracted  pertussis.  One  partic-
pant  completed  four  sessions  and  another  completed  six
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Table  1  Characteristics  at  baseline.

Variables
Mean  (SD)

Total  sample  (n  =  17)  Exercise  group  (n  =  9)  Control  group  (n  =  8)

Age  (year)  67  (9)  66  (10)  68  (9)
Height (cm)  165  (12)  164  (14)  166  (11)
Weight (kg)  72  (21)  67  (14)  77  (27)
BMI (kg  m−2)  26  (6)  25  (5)  27  (6)
Smoking (pack  years)  35  (15)  49  (27)  35  (24)
FEV1 (L)  1.65  (0.49)  1.53  (0.47)  1.78  (0.50)
FEV1 (%pred)  66  (17)  61  (17)  71  (15)
FVC (L) 2.68  (0.69) 2.51  (0.76) 2.87  (0.58)
FVC (%pred) 80  (12) 74  (11) 86  (10)
FEV1/FVC  (%) 62  (12) 62  (14) 62  (11)
TLC (L)  4.73  (1.19)  4.58  (1.56)  4.91  (0.64)
TLC (%pred)  86  (14)  82  (16)  90  (12)
FRC (L)  2.94  (0.78)  2.87  (1.00)  3.02  (0.47)
FRC (%pred)  97  (20)  94  (20)  100  (21)
DLCO  (mL  min−1 mmHg−1)  13.7  (3.6)  12.8  (3.3)  14.7  (3.8)
DLCO  (%pred)  53  (12)  49  (11)  57  (13)
MVV (L  min−1)  62  (21)  60  (25)  64  (28)
MVV (%pred)  63  (16)  59  (15)  67  (18)

n %  n  %  n  %

Gender,  male/female  5/12  29/71  3/6  30/70  2/6  25/75
COPD 9  53  5  56  4  50

Type of  NSCLC
Adenocarcinoma  10  59  5  56  5  63
Squamous cell  carcinoma  6  35  4  44  2  25
Large cell  carcinoma  1  6  0  0  1  12

NSCLC stage
I 14  82  7  78  7  88
II 2  12  2  22  0  0
IIIA 1  6  0  0  1  12

Types of  surgery
Open  8  47  4  44  4  50
VATS 9  53  5  56  4  50

Adjuvant chemotherapy 2  12  1  11  1  12

BMI, body-mass index; COPD, chronic obstructive pulmonary disease; DLCO, single breath diffusing capacity for carbon monoxide;
FEV1, forced expiratory volume in one second; FRC, functional residual capacity; FVC, forced vital capacity; MVV, maximum volun-
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tary ventilation; NSCLC, non-small cell lung cancer; SD, standard d
surgery.

essions.  Both  stopped  training  as  they  felt  unwell.  They
ompleted  some  of  the  post-intervention  assessments  and
ere  later  diagnosed  with  a  primary  cancer  other  than  lung
ancer.  One  participant  completed  four  sessions  and  decided
o  cease  training  stating  they  were  too  busy.  The  final  par-
icipant  declined  participation  in  exercise  training  as  they
ere  unwilling  to  travel  to  the  hospital.  In  order  to  facilitate

TT  analysis,  all  participants  were  encouraged  to  attend  the
ost-intervention  assessments,  regardless  of  their  adher-
nce  to  the  exercise  training.

Regarding  the  phone  calls  scheduled  for  those  in  the

G,  three  participants  were  available  for  all  eight  calls,
ne  participant  was  available  for  six  calls,  two  partici-
ants  were  available  for  five  calls,  and  two  participants
ere  available  for  four  calls.  The  reasons  for  missing  phone

C
A
a

tion; TLC, total lung capacity; VATS, video-assisted thoracoscopic

alls  were  that  they  were  either  away  on  vacation  or  busy
ith  family-related  responsibilities.  In  order  to  facilitate

TT  analysis,  all  participants  were  encouraged  to  attend  the
ost-intervention  assessments,  regardless  of  their  adher-
nce  with  the  phone  calls.

rimary  outcome  ---  exercise  capacity

aseline  and  post-intervention  period  measures  are  pre-
ented  in  Table  2.
ardiopulmonary  exercise  test
t  baseline,  the  VO2peak of  the  EG  and  the  CG  was  62  ±  18
nd  64  ±  17%pred,  respectively  (p  =  0.74  for  between-group
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Table  2  Baseline  and  post-intervention  measures  of  exercise  capacity.

Variable Exercise group Control group F; p value MD [95% CI] F; p value

Mean ± SD Baseline Post-intervention MD [95% CI] Baseline Post-intervention MD [95% CI] Within-group Between-group Between-group
Exercise capacity

(CPET)
n = 6 n = 6 n = 8 n = 8

VO2peak (L min−1) 0.96 ± 0.22 1.09 ± 0.28 0.14 [−0.01 to 0.28] 1.08 ± 0.40 1.03 ± 0.30 −0.05 [−0.15 to 0.05] 1.5; 0.24 0.2 [0.03 to 0.33] 7.2; 0.02
VO2peak

(mL kg−1 min−1)
15.7 ± 3.1 17.0 ± 2.5 1.3 [−0.1 to 1.8] 13.9 ± 2.6 13.3 ± 2.1 −0.5 [−2.1 to 1.0] 0.7; 0.41 1.8 [−0.1 to 3.7] 4.4; 0.06

VO2peak (%pred) 62 ± 18 70 ± 21 8 [2 to 15] 64 ± 17 62 ± 13 −2 [−9 to 5] 2.8; 0.12 10 [2 to 19] 6.7; 0.02
Wmax  (W) 72 ± 28 77 ± 26 5 [−6 to 17] 77 ± 32 68 ± 21 −9 [−24 to 7] 0.1; 0.73 14 [−5 to 33] 2.6; 0.13
Wmax  (%pred) 73 ± 25 78 ± 30 6 [−4 to 15] 69 ± 15 64 ± 14 −5 [−18 to 8] 0.0; 0.90 10 [−6 to 26] 2.0; 0.19
BORGd  CPET 6.8 ± 2.0 6.8 ± 1.7 0.0 [−3.1 to 3.1] 5.8 ± 3.0 6.1 ± 1.7 0.4 [−1.0 to 1.7] 0.1; 0.77 −0.4 [−3.0 to 2.3] 0.1; 0.77
BORGf  CPET 5.0 ± 2.5 6.8 ± 1.9 1.8 [−1.6 to 5.3] 7.4 ± 2.1 6.9 ± 2.0 −0.5 [−3.1 to 2.1] 0.6; 0.46 2.3 [−1.5 to 6.1] 1.8; 0.21
Nadir  SpO2 (%) 94 ± 2 94 ± 4 1 [−4 to 5] 94 ± 6 95 ± 3 1 [−6 to 7] 0.2; 0.64 −0 [−8 to 7] 0.0; 0.99
HRmax  (bpm) 130 ± 20 124 ± 19 −6 [−13 to 2] 127 ± 18 128 ± 18 1 [−15 to 17] 0.3; 0.61 −7 [−24 to 11] 0.6; 0.44
BR  (%) 27 ± 12 28 ± 13 1 [−14 to 16] 32 ± 14 43 ± 10 11 [−0 to 23] 2.7; 0.12 −10 [−27 to 6] 1.9; 0.19
O2 pulse
(mL beat−1)

7 ± 2 9  ± 2 2 [0 to 2] 8 ± 3 8 ± 3 0 [−1 to 1] 3.4; 0.09 2 [1 to 3] 8.7; 0.01

AT  (%VO2peak) 60 ± 9 71 ± 8 11 [7 to 15] 63 ± 10 63 ± 10 0 [−8 to 9] 6.4; 0.03 11 [1 to 21] 5.9; 0.03
VEmax/MVV (%) 73 ± 12 72 ± 13 −1 [−16 to 14] 68 ± 14 58 ± 12 −9 [−20 to 1] 2.3; 0.15 0.1 [−0.1 to 0.3] 1.4; 0.26

Exercise  capacity
(6MWT)

n = 6 n = 6 n = 7 n = 7

6MWD  (m) 540 ± 71 585 ± 77 45 [6 to 83] 477 ± 78 469 ± 105 −8 [−36 to 20] 3.9; 0.07 52 [12 to 93] 8.1; 0.02
6MWD  (%pred) 88 ± 9 96 ± 5 8 [3 to 14] 77 ± 11 76 ± 16 −1 [−6 to 4] 5.4; 0.04 9 [3 to 16] 9.1; 0.01
BORGd  6MWT 3.3 ± 2.0 2.8 ± 1.2 −0.5 [−2.5 to 1.5] 3.4 ± 1.5 3.7 ± 2.4 0.3 [−1.2 to 1.9] 0.2; 0.89 −0.9 [−3.0 to 1.3] 0.8; 0.40
BORGf  6MWT 1.5 ± 1.9 2.3 ± 1.8 0.8 [−1.3 to 2.8] 3.4 ± 1.9 4.1 ± 1.6 0.7 [−1.2 to 2.6] 1.6; 0.22 0.0 [−2.4 to 2.5] 0.0; 0.97
Nadir  SpO2 (%) 92 ± 4 92 ± 3 0 [−2 to 1] 92 ± 2 93 ± 1 1 [−0 to 2] 0.6; 0.46 −1 [−2 to 1] 1.5; 0.25
Peak  HR (bpm) 125 ± 16 126 ± 15 1 [−13 to 15] 122 ± 11 121 ± 18 0 [−9 to 8] 0.0; 0.95 2 [−12 to 15] 0.1; 0.80

6MWD, six-minute walk distance; 6MWT, six-minute walk test; AT, anaerobic threshold as a percentage of the VO2peak; BORGd, dyspnea; BORGf, fatigue; BR, breathing reserve; CI, confidence
interval; CPET, cardiopulmonary exercise test; HR, heart rate; HRmax, maximal heart rate; MD, mean difference; O2 pulse, oxygen pulse; SD, standard deviation; SpO2, arterial oxygen
saturation measured via pulse oximetry; VEmax/MVV, maximum minute ventilation, maximum voluntary ventilation ratio; VO2peak, peak rate of oxygen consumption; Wmax, maximum
work rate.
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ifference).  Compared  with  any  change  observed  in  the  CG,
reater  gains  were  demonstrated  in  the  EG  in  VO2peak (mean
ifference  [95%  CI]  0.19  [0.04---0.33]  L  min−1),  O2 pulse  (2
0---3]  mL  beat−1),  and  AT  (11  [1---21]%  of  VO2peak).

ix-minute  walk  test
t  baseline,  the  6MWD  of  the  EG  and  the  CG  was  88  ±  9
nd  77  ±  11%pred,  respectively  (p  =  0.09  for  between-group
ifference).  Compared  with  any  change  observed  in  the  CG,
reater  gains  were  demonstrated  in  the  EG  in  6MWD  (mean
ifference  [95%  CI  of  difference]  52  [12---93]  m).

econdary  outcomes

n  completion  of  the  intervention  period,  no  between-
roup  differences  were  observed  in  light  intensity  physical
ctivity,  moderate-to-vigorous  intensity  physical  activity,
edentary  behavior  and  daily  steps  (Table  3).  At  baseline,
sometric  quadriceps  torque  and  isometric  handgrip  force
n  both  groups  were  >90%pred  (Table  3).  On  completion  of
he  intervention  period,  no  between-group  differences  were
bserved  in  these  outcome  measures  (Table  3).

No  between-group  differences  were  observed  in  the  com-
onent  summary  scores  or  individual  domains  of  the  SF-36,
he  scores  of  the  FACT-L  and  EORTC  QLQ-C30  (Table  4).

No  between-group  differences  were  observed  in  fatigue
FACIT-Fatigue  median  [interquartile  range];  EG,  baseline
3  [43---49],  post-intervention  47  [38---52];  CG,  base-
ine  39  [26---40],  post-intervention  38  [28---42];  p  =  0.82
or  between-group  difference)  or  feelings  of  anxiety
HADS:  mean  ±  SD  anxiety  score;  EG,  baseline  3  ±  2,  post-
ntervention  5  ±  4;  CG,  baseline  2  ±  2,  post-intervention

 ±  5;  p  =  0.17  for  between-group  difference)  and  depression
HADS:  mean  ±  SD  depression  score;  EG,  baseline  2  ±  2,  post-
ntervention  4  ±  5;  CG,  baseline  3  ±  3,  post-intervention

 ±  3;  p  =  0.40  for  between-group  difference).
No  between-group  differences  were  observed  in  any

easure  of  lung  function  (mean  difference,  95%  CI  for
etween-group  difference  in  change  from  baseline  to  post-
ntervention:  FEV1 −0.09  [−0.22  to  0.03]  L;  FVC  −0.12
−0.43  to  0.18]  L;  total  lung  capacity  −0.03  [−0.61  to  0.54]  L
nd  single  breath  diffusing  capacity  for  carbon  monoxide
1.4  [−3.3  to  0.6]).

iscussion

his  RCT  evaluated  the  effect  of  supervised  exercise  train-
ng  in  people  following  curative  intent  treatment  for  NSCLC.
n  this  population,  an  8-week  program  of  supervised  exer-
ise  training  improved  exercise  capacity  over  and  above  any
hange  seen  in  the  CG.  Our  finding  that  supervised  exercise
raining  improved  exercise  capacity  extends  the  findings  of

 Cochrane  systematic  review35 and  a  recently  published
CT36 by  demonstrating  improvements  in  both  field-  and

aboratory-based  tests  of  exercise  capacity.  Regarding  physi-
al  activity  and  sedentary  behavior,  peripheral  muscle  force,

RQoL,  fatigue,  feelings  of  anxiety  and  depression  and

ung  function,  no  between-group  differences  were  observed.
he  use  of  concealed  computer  generated  randomization
equence  together  with  blinding  of  the  outcome  assessor  and

t
c
i
c

V.  Cavalheri  et  al.

he  analysis  of  data  according  to  intention-to-treat  principle
ere  some  of  the  strengths  of  this  study.

ffects  of  the  supervised  exercise  training  program

xercise  capacity
his  study  demonstrated  between-group  differences  in  favor
f  the  EG  in  three  cardiopulmonary  variables  collected  dur-
ng  the  CPET  and  the  6MWD.  We  acknowledge  that  the
etween-group  difference  in  VO2peak,  expressed  as  L  min−1,
as  the  result  of  both  a  modest  increase  in  the  EG  and

 small  decrease  in  the  CG.  Nevertheless,  the  between-
roup  difference  in  VO2peak following  completion  of  the
xercise  training  program  is  of  particular  importance  given
hat  VO2peak is  a  predictor  of  mortality  in  people  undergoing
reatment  for  NSCLC.37 Although  this  study  did  not  aim  to
lucidate  the  mechanisms  underpinning  this  improvement
n  exercise  capacity,  the  lack  of  change  in  lung  function
uggests  that  changes  in  exercise  capacity  were  most  likely
ediated  by  conditioning  of  the  cardiovascular  system  or
eripheral  muscles.  Our  data  demonstrating  between-group
ifferences  in  favor  of  the  EG,  in  O2 pulse,  and  AT  supports
his  contention.  Improvements  in  O2 pulse  and  AT  suggest
hat  exercise  training  improved  exercise  capacity  by  increas-
ng  stroke  volume  and  enhancing  the  oxidative  capacity  of
he  exercising  muscles.31

A  between-group  difference  in  favor  of  the  EG  was  also
emonstrated  in  6MWD.  The  magnitude  of  this  difference
as  52  m,  which  exceeds  the  minimal  important  difference
f  the  6MWD  recently  reported  for  people  with  lung  can-
er  (22---42  m).38 In  people  with  NSCLC,  an  increase  in  6MWD
ollowing  exercise  training  is  an  important  finding  because
his  measure  appears  to  be  a  valuable  prognostic  indicator
n  this  population.39 Maintenance  of  these  improvements  in
xercise  capacity  was  not  investigated  in  this  RCT.  As  bene-
ts  of  exercise  training  diminish  over  time,40 future  studies
hould  investigate  strategies  to  maintain  the  improvements.

econdary  outcomes

n  completion  of  the  intervention  period,  no  between-group
ifferences  were  observed  in  any  of  the  other  measures.
he  lack  of  between-group  difference  in  physical  activity  or
edentary  behavior  following  exercise  training  in  people  fol-
owing  lung  resection  for  NSCLC  is  in  agreement  with  data
rom  a  previous  RCT41 and  is  likely  to  be  due  to  the  mini-
al  impairment  in  these  measures  at  baseline.  The  baseline

alues  of  daily  steps  reported  in  the  current  study  is  also
imilar  to  the  results  of  an  earlier  work  that  assessed  people
ithin  four  weeks  of  hospital  discharge  following  lobectomy

or  NSCLC  (7978  ±  4486  steps/day).42 Further,  a  recent  study
ublished  by  our  group  has  demonstrated  that  people  fol-
owing  curative  intent  treatment  for  NSCLC  spend  as  much
ime  in  moderate-to-vigorous  intensity  physical  activity  and
edentary  behavior  as  their  healthy  counterparts.43

Our  study  did  not  demonstrate  any  change  in  isometric
uadriceps  muscle  force  or  handgrip  force.  The  reasons  for

his  may  relate  to:  (i)  insufficient  training  load  to  induce
hange;  (ii)  lack  of  statistical  power,  especially  for  changes
n  quadriceps  force  as  only  a  small  number  of  participants
hose  to  attend  the  University  for  this  assessment;  and  (iii)
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Table  3  Baseline  and  post-intervention  measures  of  physical  activity,  sedentary  behavior  and  peripheral  muscle  force.

Variable Exercise group (n = 8) Control group (n = 8) F; p value MD [95% CI] F; p value

Physical activity and
sedentary behavior
Mean ± SD

Baseline Post-intervention MD [95% CI] Baseline Post-intervention MD [95% CI] Within-group Between-group Between-group

Number of days wearing
monitor

6.6 ± 0.5 6.5 ± 0.5 −0.0 [−1.0 to 1.0] 6.3 ± 1.1 6.5 ± 1.0 −0.2 [−1.1 to 1.2] 0.9; 0.35 0.2 [−0.8 to 1.3] 0.2; 0.63

Monitor  wear time
(h/day)

13.8 ± 1.2 13.0 ± 1.1 −0.8 [−2.0 to 0.4] 13.3 ± 1.4 13.2 ± 1.5 −0.4 [−1.3 to 0.5] 2.7; 0.12 −0.8 [−1.8 to 0.2] 1.8; 0.20

Stepwatch activity monitor
Daily steps 9357 ± 4195 9816 ± 4382 460 [−153 to 1073] 6282 ± 2331 8020 ± 3864 1738 [−455 to 3931] 5.2; 0.04 −1278 [−3344 to 786] 1.8; 0.21

SenseWear armband
Sedentary behavior (%) 62 ± 16 59 ± 16 −3 [−7 to 1] 74 ± 12 67 ± 14 −7 [−13 to 1] 7.3; 0.02 4 [−4 to 11] 1.1; 0.31
Light  intensity PA (%) 21 ± 11 25 ± 11 4 [−3 to 11] 20 ± 7 26 ± 11 6 [−1 to 12] 6.9; 0.02 4 [−10 to 6] 0.3; 0.58
Moderate-to-vigorous
intensity  PA (%)

17 ± 13 16 ± 8 −1 [−6 to 4] 6 ± 6 7 ± 4 1 [−3 to 5] 0.3; 0.86 −2 [−7 to 5] 0.3; 0.60

Variable Exercise group Control group p value

Peripheral muscle forceMedian [IQR] Baseline Post-intervention Baseline Post-intervention Between-group
Isometric quadriceps force n = 5 n = 5 n = 4 n = 4

Torque  (Nm) 101 [70---132] 112 [82---142] 151 [91---238] 153 [101---210] 0.536
Torque  (%pred) 103 [87---160] 114 [100---171] 99 [93---104] 97 [82---114] 0.190

Isometric handgrip force n = 7 n = 7 n = 8 n = 8
Torque  (Nm) 32 [18---34] 33 [20---35] 26 [20---30] 26 [19---31] 0.072
Torque (%pred) 91 [78---115] 93 [78---127] 97 [83---111] 100 [83---107] 0.281

%-, percentage of waking hours; CI, confidence interval; IQR, interquartile range; MD, mean difference; PA, physical activity; SD, standard deviation. No within- or between-group
differences were observed in physical activity, sedentary behavior, isometric quadriceps torque or isometric handgrip force. Definitions: sedentary behavior---energy expenditure ≤1.5
metabolic equivalent units (MET); light intensity PA --- energy expenditure >1.5 and ≤3 MET; moderate-to-vigorous intensity PA --- energy expenditure >3 MET.
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Table  4  Baseline  and  post-intervention  measures  of  health-related  quality  of  life.

Variable  Exercise  group  (n  =  9)  Control  group  (n  =  8)  F;  p  value  MD  [95%  CI]  F;  p  value

Mean  ±  SD  Baseline  Post-intervention  MD  [95%  CI]  Baseline  Post-intervention  MD  [95%  CI]  Within-group  Between-group  Between-group

HRQoL  (SF-36)
PCSa 46  ±  6  48  ±  8  2  [−3  to  6]  42  ±  5  40  ±  9  −2  [−7  to  2]  0.0;  0.89  4  [−2  to  10]  1.80;  0.20
MCSa 55  ±  6  51  ±  14  −4  [−12  to  5]  46  ±  6  51  ±  8  5  [−2  to  12]  0.1;  0.80  −8  [−18  to  2]  3.2;  0.10
Physical functioninga 67  ±  14  74  ±  18  7  [−4  to  18]  52  ±  24  55  ±  23  3  [−8  to  13]  2.1;  0.16  5  [−9  to  19]  0.5;  0.49
Role physicala 72  ±  23  69  ±  38  −3  [−22  to  17]  44  ±  14  44  ±  17  0  [−16  to  16]  0.1;  0.81  −3  [−27  to  21]  0.1;  0.81
Bodily paina 62  ±  12  60  ±  26  −2  [−26  to  22]  63  ±  23  56  ±  33  −8  [−34  to  19]  0.4;  0.54  6  [−27  to  38]  0.1;  0.71
General healtha 72  ±  19  72  ±  26  0  [−15  to  14]  63  ±  19  65  ±  21  3  [−13  to  18]  0.1;  0.80  −3  [−22  to  16]  0.1;  0.73
Vitalitya 67  ±  18  72  ±  30  −5  [−10  to  20]  52  ±  17  54  ±  17  2  [−7  to  10]  0.7;  0.41  3  [−13  to  20]  0.2;  0.67
Social functioninga 78  ±  22  74  ±  35  −4  [−21  to  13]  69  ±  22  73  ±  29  5  [−15  to  25]  0.0;  0.96  −9  [−33  to  15]  0.6;  0.45
Role emotionala 88  ±  17  80  ±  29  −8  [−31  to  14]  57  ±  20  68  ±  22  10  [−10  to  31]  0.0;  0.88  −19  [−47  to  9]  2.0;  0.18
Mental healtha 80  ±  14  73  ±  24  −7  [−23  to  9]  70  ±  18  79  ±  17  9  [−3  to  20]  0.1;  0.81  −15  [−34  to  3]  3.2;  0.09

HRQoL (FACT-L)
Physical  well-beinga 25  ±  2  24  ±  5  −1  [−4  to  3]  22  ±  5  21  ±  7  −1  [−4  to  2]  0.9;  0.36  0  [−4  to  4]  0.0;  0.91
Social/family well-beinga 20  ±  8  21  ±  7  0  [−4  to  4]  15  ±  9  19  ±  6  4  [1  to  8]  3.7;  0.07  −4  [−9  to  1]  3.3;  0.09
Emotional well-beinga 21  ±  2  19  ±  6  −2  [−5  to  1]  18  ±  5  20  ±  4  2  [−1  to  5]  0.0;  0.95  −4  [−8  to  1]  3.6;  0.08
Functional well-beinga 20  ±  5  21  ±  9  2  [−3  to  6]  13  ±  7  17  ±  8  4  [−5  to  12]  1.8;  0.20  −2  [−11  to  6]  0.3;  0.59
Lung cancer  subscalea 20  ±  3  22  ±  4  3  [0  to  5]  16  ±  2  20  ±  3  5  [1  to  8]  16.3;  0.01  −2  [−6  to  2]  1.0;  0.33
Totala 106  ±  16  107  ±  25  2  [−10  to  14]  83  ±  22  97  ±  21  13  [−1  to  28]  3.6;  0.08  −12  [−29  to  5]  2.2;  0.16

HRQoL (EORTC  QLQ-C30)
Global  health  statusa 74  ±  16  75  ±  25  1  [−22  to  24]  66  ±  24  64  ±  22  −2  [−10  to  6]  0.0;  0.91  3  [−20  to  27]  0.1;  0.79
Functional scalesa 85  ±  9  85  ±  17  0  [−10  to  11]  73  ±  16  76  ±  12  3  [−3  to  9]  0.3;  0.57  −3  [−14  to  9]  0.2;  0.63
Symptoms scalesb 20  ±  9  17  ±  13  −3  [−15  to  8]  22  ±  11  23  ±  15  1  [−8  to  10]  0.1;  0.77  −4  [−18  to  9]  0.4;  0.52
EORTC LC13b 16  ±  8  14  ±  8  −2  [−10  to  6]  16  ±  9  25  ±  19  9  [−1  to  19]  1.5;  0.23  −11  [−23  to  1]  3.8;  0.07

CI, confidence interval; EORTC QLQ-C30, The European Organization for Research and Treatment of Cancer, Quality of Life Questionnaire Core 30; EORTC LC13, Lung Cancer subscale of the
EORTC QLQ-C30; FACT-L, The Functional Assessment of Cancer Therapy --- Lung scale; MCS, mental component score; MD, mean difference; PCS, physical component score; SD, standard
deviation; SF-36, Medical Outcomes Study Short-Form 36 general health survey.

a Greater scores reflect better outcome.
b Lower scores reflect better outcome.
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minimal  impairment  in  these  measures  at  baseline.  The  lack
of  improvement  in  muscle  force  demonstrated  in  this  study
is  in  agreement  with  a  previous  RCT,44 which  investigated
the  effect  of  a  12-week  training  program  initiated  imme-
diately  following  surgery  for  NSCLC.  Similar  to  the  current
study,  this  earlier  study  was  also  likely  to  be  underpowered
to  demonstrate  a  between-group  difference  in  quadriceps
force.  A  larger  RCT  (n  =  45)  of  resistance  exercise  training  for
people  in  stage  I  to  III  lung  cancer  demonstrated  significant
between-group  differences  in  quadriceps  torque  on  com-
pletion  of  a  12-week  training  program.45 Of  note,  this  RCT
only  included  people  who  presented  with  quadriceps  muscle
weakness,  defined  as  either  a  quadriceps  muscle  force  <  70%
of  their  predicted  value  or  a  decrement  of  10%  in  quadriceps
muscle  force  following  lung  cancer  treatment.45 Therefore,
in  people  with  lung  cancer,  resistance  training  may  be  most
effective  in  those  with  demonstrated  muscle  weakness.

Our  results  showing  no  difference  in  HRQoL  on  comple-
tion  of  exercise  training  in  people  following  lung  resection
for  NSCLC  corroborate  findings  of  earlier  studies.14,44 We
used  both  a  generic  questionnaire  and  two  disease-specific
HRQoL  questionnaires,  the  latter  of  which  were  expected
to  be  more  responsive  than  the  questionnaires  used  in  an
earlier  work44;  however,  we  were  unable  to  demonstrate
any  effect  of  exercise  training  on  HRQoL.  The  current  study
also  demonstrated  no  differences  in  fatigue  or  feelings  of
anxiety  and  depression  on  completion  of  exercise  training.
Similar  to  measures  of  peripheral  muscle  force,  it  is  pos-
sible  that  the  lack  of  improvement  in  HRQoL,  fatigue  and
feelings  of  anxiety  and  depression  may  be  attributable  to
near  normal  baseline  scores,  suggesting  minimal  impairment
in  these  domains.  Specifically,  in  the  EG,  the  physical  com-
ponent  score  (PCS)  and  the  mental  component  score  (PCS)
of  the  SF-36  at  baseline  were  similar  to  the  mean  normal
scores  of  50  ±  10  (PCS)  and  53  ±  10  (MCS)  reported  for  the
Australian  population.46 Likewise,  at  baseline,  participants
did  not  present  with  fatigue21 and  had  low  scores  for  feel-
ings  of  anxiety  and  depression  (HADS  anxiety  and  depression
scores  ≤7).  This  suggests  that  there  was  little  scope  for
improvement  with  exercise  training.

Study limitations

Recruitment  of  participants  for  this  study  was  challenging.
Many  of  the  eligible  people  following  curative  intent  treat-
ment  for  NSCLC  did  not  consent  due  to  difficulties  with
traveling  to  the  hospital  (if  allocated  to  the  EG)  or  due  to
other  demands  on  their  time.  As  this  was  a  pilot  study,  it  is
possible  that  the  lack  of  between-group  differences  in  many
of  the  outcomes  reflects  inadequate  statistical  power.  How-
ever,  we  have  provided  an  estimate  of  effect  of  exercise
training  for  each  of  the  study  outcomes,  which  is  useful  for
future  sample  size  calculations.  We  also  acknowledge  that
adherence  to  the  exercise  training  was  low,  which  is  likely
to  have  compromised  the  effectiveness  of  the  program.

Conclusions
An  8-week  program  of  supervised  exercise  training  increased
exercise  capacity  in  people  following  curative  intent  treat-
ment  for  NSCLC.  No  changes  were  observed  in  physical
67

ctivity  and  sedentary  behavior,  peripheral  muscle  force,
RQoL,  fatigue,  feelings  of  anxiety  and  depression,  and

ung  function.  This  study  had  many  strengths  in  its  design.
ncluding  a  concealed,  computer-generated  randomization
equence,  blinding  of  outcome  assessors,  and  analyzing  the
ata  according  to  the  intention-to-treat  principle.  However,
t  was  a  pilot  study  and  the  ability  to  detect  changes  in  out-
omes  other  than  exercise  capacity  is  likely  to  have  been
nfluenced  by  the  small  sample  size  and  poor  adherence  to
xercise  training.
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