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ABSTRACT
Introduction  Exercise is important in the postoperative 
management of lung cancer, yet no strong evidence 
exists for delivery of home-based programmes. Our 
feasibility (phase I) study established feasibility of a home-
based exercise and self-management programme (the 
programme) delivered postoperatively. This efficacy (phase 
II) study aims to determine whether the programme, 
compared with usual care, is effective in improving 
physical function (primary outcome) in patients after lung 
cancer surgery.
Methods and analysis  This will be a prospective, 
multisite, two-arm parallel 1:1, randomised controlled 
superiority trial with assessors blinded to group 
allocation. 112 participants scheduled for surgery 
for lung cancer will be recruited and randomised to 
usual care (no exercise programme) or, usual care 
plus the 12-week programme. The primary outcome is 
physical function measured with the EORTC QLQ c30 
questionnaire. Secondary outcomes include health-
related quality of life (HRQoL); exercise capacity; 
muscle strength; physical activity levels and patient 
reported outcomes. HRQoL and patient-reported 
outcomes will be measured to 12 months, and survival 
to 5 years. In a substudy, patient experience interviews 
will be conducted in a subgroup of intervention 
participants.
Ethics and dissemination  Ethics approval was gained 
from all sites. Results will be submitted for publications 
in peer-reviewed journals.
Trial registration number  ACTRN12617001283369.

INTRODUCTION
Lung cancer is associated with significant 
morbidity and mortality.1 Surgery offers the 
best chance of survival for patients with early-
stage lung cancer, with 5-year survival rates at 
approximately 60% for patients with localised 

disease.2 However, physical and psychological 
impairments after diagnosis are persistent and 
associated with poor health-related quality of 
life (HRQoL).3–6 Both global HRQoL and 
physical function are predictive of survival in 
lung cancer.7

Patients with lung cancer are a vulnerable 
group going into surgery; at time of diagnosis 
they are less physically active and have poorer 
exercise capacity than similar aged peers 
without lung cancer.5 8 Over the first 6 months 
from surgery, functional decline is common, 
with a spiral of causative factors including 
symptoms, treatment side effects and physical 
inactivity.5 8 9 Functional decline in lung cancer 
is often characterised by worsening physical 
function, deconditioning, reduced exercise 
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Key messages

	► This trial is testing a novel postoperative 12-week 
home-based exercise and self-management pro-
gramme for patients after surgery for lung cancer.

	► It is a prospective, multisite, two-arm parallel 1:1, 
randomised controlled superiority trial with asses-
sors blinded to group allocation.

	► The trial will provide important information related 
to the effectiveness of this intervention to improve 
several patient-important outcomes.

	► Given the inclusion criteria is limited to English 
speaking adults, expected to be alive greater than 
6 months, with a performance status 0–2, and not 
currently meeting physical activity aerobic guide-
lines, our trial findings may not be generalisable to 
all patients undergoing surgery for lung cancer.
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capacity and muscle strength, and physical inactivity.5 
Six months after primary cancer treatment, only 30% of 
patients meet the physical activity recommendations.5

Exercise training is beneficial for patients after 
surgery for lung cancer.10 A Cochrane review concluded 
that post-operative exercise training is associated 
with improved exercise capacity and muscle strength 
(moderate-certainty evidence), improved physical 
aspects of HRQoL (low certainty-evidence) and reduced 
dyspnoea (very low-certainty evidence).11 Six of the eight 
included trials tested centre-based exercise programmes 
(hospital or community), however centre-based exercise 
programmes specific to lung cancer are rare in clinical 
practice. This is partly due to hospital-related barriers to 
delivery of such programmes including lack of funding, 
staffing and infrastructure12 13; patient-related barriers to 
access programmes including travel time and cost14; and 
lack of cost-effectiveness data.10 15 None of the trials were 
purely home-based.11 Home-based exercise programmes 
for post-operative patients are an alternative model, 
although evidence is lacking.10 Home programmes are 
appealing in that they may be less resource intensive 
(although cost-effectiveness data of home programmes 
are lacking)10 15; they reduce the requirement for the 
patient to travel and allow flexibility for them to exer-
cise within their own daily schedule14; and it supports the 
desire to shift more healthcare away from the hospital 
with potential health policy implications. Yet they may 
introduce new barriers such as a requirement for greater 
motivation from the individual to exercise on their own. 
Nonetheless, it is a concept worth investigating for the 
lung cancer field since the evidence consistently shows 
that exercise is associated with improvement in important 
patient outcomes, but patients rarely access programmes 
in clinical practice.10

For these reasons, we developed and subsequently 
established the feasibility of a new postoperative 12-week 
home-based exercise and self-management programme 
(the programme) for patients with lung cancer.16 The 
programme included behavioural change techniques 
with the view to maximise adherence of the prescribed 
exercises and promote prolonged physical activity 
behavioural change given the programme was conducted 
in an unsupervised home setting.16 The aim of this effi-
cacy (phase II) trial is now to determine whether the 
programme is effective in improving physical function 
(primary outcome) in patients after surgery for lung 
cancer. If shown to be effective at improving patient 
outcomes, the next step in this programme will be to 
explore if home-based exercise can achieve equivalent 
outcomes to centre-based exercise programmes, as has 
been demonstrated in the chronic obstructive pulmo-
nary disease field.17

The primary hypothesis of this trial is that the 
programme compared with usual care will improve phys-
ical function 12 weeks after surgery. Secondary hypoth-
eses are that the programme will improve (1) physical 
function at 6 and 12 months; (2) HRQoL at 3, 6 and 

12 months; (3) functional exercise capacity; muscle 
strength, mass and quality; physical activity levels; and 
patient reported outcomes at 3 and 6 months; and (4) 
result in lower healthcare resource usage over 12 months 
after surgery.

The trial will also include a qualitative sub-study which 
aims to characterise the views and experiences of patients 
participating in the programme; as well as a long-term 
follow-up investigation exploring survival rates to 5 years.

METHODS AND ANALYSIS
Design
This will be a prospective, assessor-blinded multisite, 
parallel-group, two-arm, randomised controlled superi-
ority trial with a 1:1 allocation ratio to either a 12-week 
programme of home-based exercise and self-management 
plus usual care (‘the programme’) or usual care alone. 
The design is shown in figure 1. The protocol will follow 
the recommendations of Standard Protocol Items: 
Recommendations for Interventional Trials (SPIRIT),18 19 
Guidelines for Reporting Trial Protocols and Completed 
Trials Modified Due to the COVID-19 Pandemic and 
Other Extenuating Circumstances (CONSERVE-SPIRIT 
extension)20 and Template for Intervention Description 
and Replication (TIDieR).21

Participants
Patients will be eligible if they are planned to receive 
surgical treatment for suspected or confirmed non-small 
cell lung cancer (NSCLC) and meet the inclusion criteria 
(table 1). Participants will be provided with written and 
verbal information; and written informed consent will be 
obtained prior to enrolment.

Recruitment
Participants will be recruited through the lung cancer 
services at three tertiary hospitals in Melbourne, Australia. 
Participants will be screened for eligibility prior to enrol-
ment. Enrolment into the trial and subsequent baseline 
measurement will occur before surgery. The schedule of 
enrolment is shown in figure 2.

Randomisation and blinding
The randomisation schedule will be computer gener-
ated by an independent statistician and allocation will be 
carried out centrally by the lead investigator or site trial 
coordinator using the Research Electronic Data Capture 
(REDCap) randomisation module. Block permuted 
randomisation with stratification by hospital site will be 
used to randomise eligible patients to either intervention 
or control. Allocation concealment will be achieved as the 
randomisation code will not be released until the partic-
ipant has completed the baseline outcome measures and 
undergone surgery. Randomisation will occur day 1 or 2 
postsurgery to ensure all patients have undergone surgery 
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and received confirmation of a diagnosis of NSCLC. 
If the histological diagnosis is still unconfirmed at this 
point, the patient will be randomised, retained in the 
trial and the final diagnoses will be reported at the end 
of the trial. Following randomisation, the intervention 

physiotherapist will be contacted by the lead investigator 
or trial coordinators and informed of the group alloca-
tion. Blinding of participants and the intervention phys-
iotherapists cannot be achieved due to the nature of the 
exercise intervention. Assessors will be blinded to group 

Figure 1  CONSORT flow chart. *Denotes not all outcomes measured at this time point. CONSORT, Consolidated Standards 
of Reporting Trials; ECOG, Eastern Cooperative Oncology Group.

Table 1  Inclusion and exclusion criteria

Inclusion criteria Exclusion criteria

	► Aged 18 years or over
	► Planned to receive surgical treatment for NSCLC
	► Able to provide informed consent
	► Expected to be alive >6 months
	► ECOG performance status 0–2
	► Not currently meeting physical activity aerobic 
guidelines of 150 min of moderate intensity physical 
activity or 75 min of vigorous physical activity per 
week

	► Non-English-speaking with insufficient English language skills to 
complete the questionnaires.

	► Metastatic disease (stage IV lung cancer) at study entry.
	► Acute uncontrolled cardiovascular or respiratory issues.
	► Decompensated heart failure, severe aortic stenosis, uncontrolled 
arrhythmia, or acute coronary syndrome.

	► Non-ambulant.
	► ECOG performance status of 3 or four at study entry.
	► Cognitive impairment (determined as not being able to provide 
consent for surgery).

ECOG, Eastern Cooperative Oncology Group; NSCLC, non-small cell lung cancer.
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allocation. If an assessor becomes unblinded, this will 
be documented and reported. All usual care staff who 
provide usual clinical care to patients on the ward will 
be blinded to group allocation. Other study investigators 
(excluding those involved in delivering the intervention), 
including the study statistician, will remain blinded until 
the database has been cleaned, a blinded data review has 
taken place and the data are ready for analysis.

Usual care: intervention and control groups
Usual care (medical, nursing and allied healthcare 
including physiotherapy) will be provided in the peri-
operative period to participants in both intervention 
and control groups. Outpatient physiotherapy, preha-
bilitation or exercise programmes will not be provided 
before or after surgery, as per usual care. Before surgery, 
patients will receive a hospital-specific information 
booklet on thoracic surgery, containing information 
about the surgery and hospital stay, instructions about 
breathing and coughing, chest and shoulder exercises 
and advice on the importance of being physically active. 
After surgery, inpatient physiotherapy will focus on 
achieving early mobility milestones for discharge home 

and breathing exercises if required.9 Inpatient physio-
therapists providing usual care will be blinded and their 
inpatient ward treatment(s) will be recorded on the 
participant’s hospital medical record.

Exercise training and self-management programme: 
intervention group
In addition to usual care, participants in the intervention 
group will receive the programme which will commence 
after surgery. The programme was tested in our feasibility 
study16 and adjustments for this current efficacy (phase 
II) trial were made based on the results. These changes 
and rationale for them are discussed in the feasibility 
(phase I) publication.16

The programme will include an initial individual face-
to-face consultation with the trial intervention physio-
therapist (the physiotherapist) on the ward on the day 
of hospital discharge or the day prior; and then indi-
vidual weekly telehealth consultations (delivered via tele-
phone) with the physiotherapist to 12 weeks after surgery 
(table 2). The initial consultation can be split over two 
sessions if needed, depending on the fatigue and pain 
levels of the participant after surgery. This will run for 
15–45 min in duration. The subsequent follow-up tele-
health consultations will be 5–20 min depending on the 
needs of the participant including their readiness and 
understanding for behavioural change. Session duration 
will be recorded.

During the initial consultation, the physiotherapist will 
prescribe and teach the participant an aerobic and resis-
tance exercise programme to perform unsupervised in 
their home. The exercises are based on physical activity 
guidelines for people with cancer22 but the specific exer-
cise prescription will be individualised based on each 
participant’s current ability, symptom levels and goals.23 
Participants will also be given an activity tracker to wear 
daily over the 12 weeks. Table 2 provides details of the 
programme components. During the weekly telehealth 
consultations, exercises will be progressed/regressed 
as needed; and participants will be asked to recall their 
adherence rate to the exercise programme and report 
their daily step count.

Initial and follow-up consultations will involve 
behavioural change techniques based on the model by 
Health Change Associates.24 Using these techniques, the 
physiotherapist will work with the participant to identify 
potential barriers and enablers for them to achieve the 
prescribed exercise programme and brainstorm strate-
gies to overcome these. In the initial consultations this 
will include a focus on assessing the participant’s readi-
ness for behavioural change, and their goals and confi-
dence regarding physical activity and working with them 
(and their carer if the participant desires) to set person-
alised and individual goals regarding their participation 
in physical activity. The follow-up consultations will re-visit 
the participant’s goals, promote adherence, and discuss 
any new barriers or issues. Details of all consultations will 

Figure 2  Schedule of enrolment, intervention and 
assessment. *Denotes measure to be completed in a 
subset of participants only. HRQoL, health-related quality 
of life.

copyright.
 on O

ctober 14, 2024 by guest. P
rotected by

http://bm
jopenrespres.bm

j.com
/

B
M

J O
pen R

esp R
es: first published as 10.1136/bm

jresp-2021-001189 on 17 January 2022. D
ow

nloaded from
 

http://bmjopenrespres.bmj.com/


Granger CL, et al. BMJ Open Resp Res 2022;9:e001189. doi:10.1136/bmjresp-2021-001189 5

Open access

Ta
b

le
 2

 
In

te
rv

en
tio

n 
co

m
p

on
en

ts
 o

f t
he

 1
2-

w
ee

k 
p

ro
gr

am
m

e

C
o

m
p

o
ne

nt
Fr

eq
ue

nc
y 

p
er

 w
ee

k
In

te
ns

it
y

T
im

e
Ty

p
e

P
ro

g
re

ss
io

n

A
er

ob
ic

 
ex

er
ci

se
5 

d
ay

s
M

od
er

at
e 

in
te

ns
ity

 
co

nt
in

uo
us

 e
xe

rc
is

e 
ra

te
d

 
w

ith
 B

or
g 

d
ys

p
no

ea
 s

ca
le

 (4
 

‘s
om

ew
ha

t 
ha

rd
’)40

P
ro

gr
es

se
d

 t
o 

30
 m

in
 (m

in
im

um
 

10
 m

in
)

G
ro

un
d

 w
al

ki
ng

In
cr

ea
se

 in
 w

al
ki

ng
 t

im
e 

p
er

 
se

ss
io

n 
an

d
 w

al
ki

ng
 s

p
ee

d
 t

o 
co

nt
in

ue
 t

o 
ac

hi
ev

e 
m

od
er

at
e 

in
te

ns
ity

 e
xe

rc
is

e

R
es

is
ta

nc
e 

ex
er

ci
se

2–
3 

d
ay

s
M

od
er

at
e 

in
te

ns
ity

 
co

nt
in

uo
us

 e
xe

rc
is

e 
ra

te
d

 
w

ith
 B

O
R

G
 d

ys
p

no
ea

 s
ca

le
 

(4
 ‘s

om
ew

ha
t 

ha
rd

’)40

E
ac

h 
ex

er
ci

se
: 

8–
10

 r
ep

s,
 2

–3
 

se
ts

Lo
w

er
 li

m
b

 fu
nc

tio
na

l e
xe

rc
is

es
 u

si
ng

 b
od

y 
w

ei
gh

t:
 s

it-
to

-
st

an
d

s,
 h

ee
l r

ai
se

s,
 m

in
i s

q
ua

ts
, s

te
p

 u
p

s.
 L

oa
d

 t
ha

t 
ca

n 
b

e 
ac

hi
ev

ed
 in

 8
 t

o 
10

 r
ep

s 
m

ax
im

um

In
cr

ea
se

 in
 r

ep
s 

to
 1

0 
p

er
 

ex
er

ci
se

, t
he

n 
in

cr
ea

se
 in

 s
et

s 
to

 t
hr

ee
 p

er
 e

xe
rc

is
e,

 t
he

n 
in

cr
ea

se
 lo

ad

B
eh

av
io

ur
al

 
ch

an
ge

 
co

un
se

lli
ng

1  
d

ay
N

/A
5–

20
 m

in
Te

le
he

al
th

 c
on

su
lta

tio
n 

w
ith

 a
 p

hy
si

ot
he

ra
p

is
t 

ut
ili

si
ng

 
b

eh
av

io
ur

al
 c

ha
ng

e 
te

ch
ni

q
ue

s24
 fo

cu
se

d
 o

n 
re

ad
in

es
s 

fo
r 

ch
an

ge
, g

oa
l s

et
tin

g,
 c

on
fid

en
ce

 a
nd

 b
ar

rie
rs

/e
na

b
le

rs
 t

o 
ex

er
ci

se
 a

nd
 a

ch
ie

vi
ng

 g
oa

ls

In
d

iv
id

ua
lis

ed
 fo

r 
p

ar
tic

ip
an

t 
an

d
 t

he
ir 

go
al

s

In
fo

rm
at

io
n 

b
oo

kl
et

P
ro

gr
am

m
e 

st
ar

t
N

/A
<

30
 m

in
B

oo
kl

et
 c

on
ta

in
in

g 
in

fo
rm

at
io

n 
ab

ou
t 

p
hy

si
ca

l a
ct

iv
ity

: 
d

efi
ni

tio
ns

, b
en

efi
ts

, r
ec

om
m

en
d

at
io

ns
 fo

r 
p

at
ie

nt
s 

w
ith

 
ca

nc
er

, B
or

g 
sc

al
e40

 fo
r 

m
on

ito
rin

g 
in

te
ns

ity
, s

af
et

y 
co

ns
id

er
at

io
ns

, o
ve

rc
om

in
g 

b
ar

rie
rs

 a
nd

 s
ta

yi
ng

 m
ot

iv
at

ed

N
/A

G
ar

m
in

 v
ív

ofi
t 

fo
ur

 fi
tn

es
s 

ac
tiv

ity
 t

ra
ck

er

7  
d

ay
s

N
/A

W
ea

r 
d

ur
in

g 
aw

ak
e 

ho
ur

s
W

ris
t 

w
or

n 
p

hy
si

ca
l a

ct
iv

ity
 t

ra
ck

er
 fo

r 
th

e 
p

ar
tic

ip
an

t 
to

 u
se

 
to

 s
el

f-
m

on
ito

r 
th

ei
r 

d
ai

ly
 s

te
p

 c
ou

nt
N

/A

E
xe

rc
is

e 
d

ia
ry

7 
d

ay
s

N
/A

<
5 

m
in

P
ap

er
 b

as
ed

 e
xe

rc
is

e 
d

ia
ry

 t
o 

re
co

rd
 c

om
p

le
tio

n 
of

 
ex

er
ci

se
s,

 d
ai

ly
 s

te
p

 c
ou

nt
 a

nd
 b

ar
rie

rs
 t

o 
ex

er
ci

se
 t

o 
us

e 
as

 
a 

d
is

cu
ss

io
n 

d
ur

in
g 

te
le

he
al

th
 c

on
su

lta
tio

ns

N
/A

N
/A

, n
ot

 a
va

ila
b

le
.

copyright.
 on O

ctober 14, 2024 by guest. P
rotected by

http://bm
jopenrespres.bm

j.com
/

B
M

J O
pen R

esp R
es: first published as 10.1136/bm

jresp-2021-001189 on 17 January 2022. D
ow

nloaded from
 

http://bmjopenrespres.bmj.com/


6 Granger CL, et al. BMJ Open Resp Res 2022;9:e001189. doi:10.1136/bmjresp-2021-001189

Open access

be recorded in standardised online forms for each partic-
ipant within the REDCap database.

The physiotherapists delivering the intervention will 
be Australian Health Practitioner Regulation Agency 
(AHPRA) registered practitioners. The physiothera-
pists leading the intervention will also undergo training 
in behavioural change techniques with Health Change 
Associates.24 All physiotherapists will undergo stan-
dardised in-person training in the intervention protocol. 
They will be given access to audio-recordings of example 
consultations and detailed instruction manuals. Random 
audits of audio recorded telehealth consultations and 
online forms will be performed against the intervention 
protocol by the lead investigators.

Adherence to the intervention and completion rates 
will be recorded. The percentage of consultations deliv-
ered over the 12 weeks (number delivered against target 
of 12 sessions—adherence rate) and percentage of partic-
ipants who continue consultations to 12 weeks (comple-
tion rate) will be reported.

Outcome measures
The schedule of outcome measurement is shown in 
figure 2. Blinded outcome assessors will be AHPRA regis-
tered physiotherapists trained in-person in the assess-
ment protocol by investigator SMP. This investigator will 
also conduct in-person competency checks with the asses-
sors to ensure protocol compliance over time. Assessors 
will be provided with videos of several of the tests and an 
instruction manual outlining all instructions.

All assessments will be conducted at the hospital site 
or in the participant’s home, depending on the partic-
ipant’s preference and COVID-19 restrictions, except 
the 12-month assessments which are only phone based 
(figure 2). In the case that an in-person follow-up assess-
ment is unable to proceed due to COVID-19 restrictions, 
the assessment will be delayed up to 14 days or converted 
to a phone-based assessment for questionnaire measures 
only. Every effort will be made to minimise missing 
data related to COVID-19 restrictions, and missing data 
including reasons will be reported at conclusion of the 
trial.

The primary outcome of physical function will be 
measured at baseline then 3 (primary endpoint), 6 and 
12 months after surgery.25 The European Organization 
for the Research and Treatment of Cancer Quality of 
Life Questionnaire (EORTC QLQ c30) was chosen as the 
primary outcome measure as this is the most commonly 
used measure in cancer core outcome sets,26 being 
commonly used to measure HRQoL in lung cancer and 
general oncology exercise trials.27 28 The physical func-
tion domain has strong test retest reliability (r=0.91),29 
is sensitive to change,5 25 and was successfully used with 
participants in our feasibility study.16 The EORTC QLQ 
c30 is a 30-item self-administered questionnaire that 
measures HRQoL over the past week. It includes five 
functional scales (physical, role, emotional, cognitive 

and social functioning), three symptom scales (pain, 
fatigue and nausea/vomiting), a global health status/
quality of life scale and six single-item scales (appetite 
loss, dyspnoea, diarrhoea, constipation, insomnia and 
financial impact).25 The lung cancer (LC13) supple-
mentary module will also be used, which contains items 
measuring lung cancer specific symptoms and side-
effects.30 Responses to most questions are rated on a 
Likert scale according to occurrence in the past week. 
All domain and single-item raw scores will be linearly 
transformed to a scale of 0–100.31 Higher scores on the 
functional domains and global health status/quality 
of life scale indicate higher functioning and higher 
HRQoL.25 31 Lower scores on symptom domains and 
single items indicate fewer symptoms.25 31 The threshold 
for clinical importance of the physical function domain 
is <83/100 points.32

Table 3 describes the secondary outcome measures for 
the trial. Demographic, medical and social data will be 
obtained including age, sex, ECOG performance status, 
cancer stage and type, comorbidities, body mass index, 
smoking history, respiratory function, education, occu-
pational status, living arrangements, surgical details, 
hospital length of stay and any postoperative treatment. 
Survival will be followed to 12 months and 5 years.

Participant experience feedback (intervention arm subgroup)
A subgroup of participants in the intervention group 
will be invited to participate in an individual semistruc-
tured interview to record their views and experiences, 
including behavioural barriers for adherence, of the 
programme. Purposive sampling will be used to ensure a 
rich spread of experiences from participants of different 
ages and residential location (metropolitan/regional). 
The interview guide will be underpinned by the appli-
cation of the Theoretical Domains Framework (TDF) 
and Theoretical Framework of Acceptability (TFA) facil-
itating in-depth exploration of the behavioural change 
and intervention acceptability.33 34 The interviews will be 
conducted using videoconferencing, in-person or via the 
telephone depending on participant preference. Inter-
views will be conducted until data saturation is reached, 
based on interim coding by investigators (SMP and 
GAW-W) commencing after completion of the first eight 
interviews. Interviews will be recorded and transcribed 
verbatim. This sub-study will be reported according to the 
Consolidated criteria for Reporting Qualitative research 
guidelines.35

Data management and analysis
All participants will be allocated a confidential trial code. 
The master coding database will be kept in REDCap with 
access restricted to the lead investigator and trial site 
coordinators. All deidentified data will be entered and 
stored in REDCap. REDCap enables validation rules to be 
used for data entry, audit trails to track usage and direct 
export to statistical software packages. Data entry will be 
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Table 3  Secondary outcomes measures

Outcome Measure Details

Physical function SPPB41 Three-part objective test: 4 m gait speed, standing balance and 5 x sit to stand time.
Each test is scored out of 4 points and item scores are summated to give an overall SPPB score 
out of 12.
Individual and overall scores will be recorded.

Health-related quality 
of life and symptoms

EORTC QLQ C3025 and 
LC1330

Core questionnaire and supplementary module reported according to domain and single items

Functional exercise 
capacity

6 min walk test42 Field walking test performed according to the American Thoracic Society guidelines42

Muscle strength Quadriceps strength test 
(bilateral)

Isometric voluntary contraction measured with Lafayette hand-held dynamometer.43 44

Participant positioned in supine on plinth or hospital bed, arms by side relaxed, legs shoulder-
width apart, testing knee flexed 35° over foam roll, other leg straight resting on bed.
Dynamometer placed on anterior surface of the distal end of the tibia.
Test repeated three times after a practice bilaterally.
Peak force and time to peak force over 6 s recorded.45

Hand grip strength test 
(bilateral)

Isometric voluntary contraction measured with SI Instruments Jamar Plus Digital Dynamometer.
Participant positioned in sitting, back against a chair, feet flat on the floor, hips and knees at 90° 
flexion, shoulder adducted and neutrally rotated, elbow flexed to 90°, forearm in neutral position 
with wrist 0° extension and 0° ulnar deviation, thumb facing upwards, and arm unsupported.
Dynamometer placed in hand with grip span set to second narrowest position on handle.
Test repeated three times after a practice bilaterally.
Highest strength over 6 s recorded.

Quadriceps muscle 
mass and quality

Neuromuscular ultrasound 
imaging46

Imaging performed using a Sonosite Iviz machine with a linear transducer and minimal probe 
compression approach.
Participant positioned in supine on plinth or hospital bed, legs relaxed and straight, hip and knees 
in neutral rotation.
Three images will be taken at two locations.
Location 1=anterior surface of the quadriceps, ½ distance from ASIS to superior border of the 
patella.
Location 2=anterior surface of the quadriceps, 2/3 distance from ASIS to superior border of the 
patella.
Muscle cross-sectional area, thickness and echogenicity will be analysed.
This outcome will only be measured in a subset of participants due to limited access to the 
equipment and technical expertise to conduct the test.

PA levels Respironics ActiCal Z 
Watch accelerometer

Accelerometer worn on the wrist during all waking hours for seven consecutive days of 
measurement.
Set to record in 15 s epochs.
Data will be included for participants who wear the device for a minimum of 4 valid days (minimum 
of 8 hours wear will constitute a valid day).47 48

At the baseline timepoint, this measure will only occur if the participant is at least 7 days out from 
their scheduled surgery date.

International Physical 
Activity Questionnaire short 
form49

Questionnaire

Physical Activity Scale for 
the Elderly50 51

Questionnaire

Rating against PA 
guidelines for people with 
cancer22

Self-report

Sedentary time Self-reported television viewing time and sitting time in average per day over past 7 days

Self-efficacy for PA Barriers, task and walking 
self-efficacy scales52 53

Questionnaires

Fatigue Brief Fatigue Inventory54 Questionnaire

Distress Distress Thermometer55 11-point visual analogous scale

Sleep Sleep Disturbance-Short 
Form 8b PROMIS Item 
Bank V.1.056

Questionnaire

Financial toxicity COmprehensive Score for 
financial Toxicity, COST 
V.157 58

Questionnaire

Return to work Employment 
questionnaire59 60 adapted 
for lung cancer

Questionnaire

Continued
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performed by trained investigators or research assistants 
and data checks will be performed regularly by lead inves-
tigators. Deidentified paper files will be stored in locked 
filing cabinets at recruitment sites, accessible only to the 
research team. Videorecordings and audiorecordings 
of interviews, interview transcripts, ultrasound images 
and Actical physical activity data will be deidentified and 
saved in password protected computer drives only acces-
sible to relevant members of the research team. Inter-
view transcripts will be uploaded to NVivo V.1.0 software 
(QSR International, 2020). Only summary data, without 
participant identifying information will be presented or 
published.

Participants can choose to withdraw from the study 
or not complete a certain test at any stage. If a partici-
pant withdraws, consent will be requested to keep their 
collected data until that point for analyses, and if they 
decline this will be removed. If a participant chooses not 
to perform a test or tests at a certain time point, every 
effort will be made to collect at least the primary outcome.

Intention-to-treat analyses will be performed including 
all randomised participants in their allocated group 
arm. A constrained longitudinal data analysis model 
will be used to analyse the primary outcome (EORTC 
QLQ c30) across all time points (baseline, 3, 6 and 12 
months after surgery), with study group, time point and 
a study group by time point interaction and recruit-
ment site included in the model. The model will be 
restricted to have a common baseline mean score across 
the study groups based on the assumption that there are 
no differences in the mean outcome between groups at 
baseline due to randomisation. The absolute difference 
in mean change in EORTC QLQ c30 physical function 
domain from baseline between groups will be estimated 
(including two-sided 95% CI) at 3 months after surgery 
(primary time point). The constrained longitudinal data 
analysis model provides valid inference if the missing 
data mechanism is at most missing at random. Similar 
analyses will be conducted for the secondary outcomes. 
The complier average causal effect will be estimated in 
secondary analyses, in addition to the intention-to-treat 
effect, using collected adherence data. Heterogeneity of 
the intervention effect according to postoperative cancer 
treatment (no postoperative treatment/postoperative 

chemotherapy, radiotherapy or chemoradiotherapy) will 
be assessed in exploratory analyses by including interac-
tions between postoperative treatment and study group. 
The number and percentage of participants with adverse 
events will be summarised by study group. A health 
economic analysis will be run alongside the clinical trial.

Qualitative data will be analysed using directed content 
analysis. Braun and Clarke’s36 six steps of reflexive 
thematic analysis will be used to find and organise data 
into codes informed by the TDF and TFA33 34 by two inde-
pendent researchers.

Sample size calculation
A total of 56 participants is required in each study group 
(112 in total) to detect a clinically meaningful differ-
ence of 12.9 points in mean EORTC QLQ c30 (primary 
outcome) at 3-month follow-up (primary time point) 
between the intervention and control groups (which falls 
in the range of ‘small’ effect size).37 This assumes 80% 
power, a two-tailed significance level of 5%, an equal SD 
of 21.3 in the groups (based on prior published data),16 
no correlation between baseline and 3 months (conserv-
ative) and 20% attrition.5 38

Safety and adverse event reporting
Adverse events will be recorded in REDCap database and 
reported to the lead investigator. Serious adverse events 
are defined as any events which are life-threatening or 
result in death or hospitalisation (or prolongation of 
hospitalisation), incapacity or disability. Serious adverse 
events will be reported to the ethics committee within 24 
hours of occurrence. Minor adverse events include new 
or progressive pain, non-injurious falls, severe dyspnoea, 
worsening fatigue, palpitations, neurological deficits and 
altered cognitive status. Intervention participants will 
be asked during telehealth consultations to report any 
adverse events.

Trial committees
The lead investigator (CLG) will meet with the site trial 
coordinators at least twice per month during active 
recruitment and follow-up phases. The lead investigators 

Outcome Measure Details

Economic analyses European Quality of Life 
Instrument61

Questionnaire to calculate quality adjusted life years

Healthcare resource usage Hospital length of stay
Postoperative ICU admission(s)
Hospital readmissions

Cost of delivering 
intervention

Intervention records

Survival Survival status Healthcare records

ASIS, anterior superior iliac spine; EORTC QLQ C30 and LC13, European Organization for the Research and Treatment of Cancer Quality of Life Questionnaire 
(core) and lung cancer module; ICU, intensive care admission; PA, physical activity; SPPB, Short physical performance battery; v, version.

Table 3  Continued
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(CLG, SMP, LD and LE) will meet at least quarterly during 
the study period. Annual reporting will be provided to 
funder and ethics committees.

Dissemination
The trial will be reported according to Consolidated 
Standards of Reporting Trials Statement for Randomised 
Trials of Nonpharmacologic Treatments.39 Main findings 
will be submitted to a peer-reviewed journal for publica-
tion. Additional papers are expected related to the qual-
itative substudy, 5-year survival and in-depth exploration 
of muscle ultrasound. Results will be presented at confer-
ences, consumer forums and through social media to 
disseminate with the public.

Trial status and summary
This is an Australian-based randomised trial comparing 
a 12-week programme of home-based exercise and 
self-management, to usual care, to improve physical 
function in patients after surgery for lung cancer. The 
current protocol is number 1 V.4.0 dated 13 May 2021. 
The trial was registered and approved on the Australian 
and New Zealand Clinical Trials Registry prospectively 
in September 2017 and last updated 5 October 2021. 
Recruitment commenced at site 1 on 23 November 2017, 
at site 2 in September 2021 and is expected to commence 
at site 3 in early 2022. Main data collection for the trial 
(excluding survival data) is expected to be completed 
by June 2023. Five-year survival data are expected to be 
collected by mid-2027.

CONSERVE-SPIRIT extension statement
The COVID-19 pandemic has led to a small number of 
trial modifications20 noting that the trial was designed 
and commenced prior to the pandemic and is planned to 
continue throughout the pandemic. Important modifica-
tions were made in 2020 (online supplemental appendix 
1) these were: update of the protocol (and ethics amend-
ment) to allow participants an option to conduct inter-
views via videoconferencing; ability to complete only the 
questionnaire portion of the assessment at follow-up when 
restrictions prevent in-person assessments; extension of 
planned recruitment time frames to allow for pauses in 
recruitment due to government and/or local hospital 
COVID-19 restrictions and delayed opening of the trial 
at two sites; and extension of funding to accommodate 
extended time frames. The modified timeline expects 
the trial to be completed in June 2023. Modifications 
were planned by the lead investigators and reviewed and 
approved by the ethics committee and funding bodies.
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