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Abstract

Background There is increasing evidence that screening provides a catalyst for behavioural change. Low physical
activity (PA) levels are a potentially modifiable risk factor for developing lung cancer. This study aims to assess the
feasibility and safety of a semi-supervised 8-week multi-modal exercise program to improve health-related quality of
life and PA levels of participants of lung cancer screening.

Methods Participants without lung cancer from a single Australian International Lung Screen Trial (ILST;
NCT02871856) site were invited to this feasibility randomised controlled trial. Enrolled participants were randomised
to usual care, written material, or a home-based exercise program (in addition to written material). Assessments
occurred at baseline, 9 weeks, and 6 months.

Results 75 participants were enrolled over a 3-month period in 2022 (consent rate of 67%). 43% of participants were
female, median age 66 years old (IQR 62, 73). Of the 25 participants randomised to the home-based exercise program,
22 participants (88%) attended > 70% of weekly sessions. 99% (74/75) of study participants attended their 9-week and
6-month follow-up assessments.

Conclusions This study confirms the feasibility and high compliance of delivering a semi-supervised 8-week multi-
modal exercise program to participants of a lung cancer screening program. It was safe, with no adverse events.

Clinical trial registration Australian Clinical Trials Register https://www.australianclinicaltrials.gov.au
ACTRN12622001001785.
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Background

Lung cancer is the leading cause of cancer-related death
globally [1], and has significant impacts on functional sta-
tus and health-related quality of life (HRQoL) [2, 3]. Lung
cancer screening with low-dose computed tomography
(LDCT) has been demonstrated to reduce lung cancer
mortality in high-risk (people with active smoking his-
tory) populations by detecting lung cancer at an earlier
stage which is associated with better prognosis [4]. Con-
sequently, a growing number of countries are implement-
ing LDCT lung cancer screening programs, including
Australia, Croatia, Czechia, Poland, South Korea, Taiwan,
United Kingdom, and the United States of America [5].

Screening is increasingly being recognised as an oppor-
tunity for behaviour change, and as such, smoking cessa-
tion support is already strongly recommended as part of
lung cancer screening programs and trials [6]. However,
another potentially modifiable risk factor for lung cancer
is low physical activity (PA) levels [7]. Several systematic
reviews have evaluated the relationship between PA and
lung cancer [7-9]. They demonstrated an inverse rela-
tionship between PA levels and lung cancer risk in people
with active smoking histories, with the effect of PA per-
sisted when adjusted for smoking intensity and duration
[7]. This could be potentially explained by the biological
differences in lung tumorigenesis between people with an
active tobacco exposure and people without [10]. Whilst
the underlying mechanisms by which low PA levels con-
tribute to lung cancer development are not clearly estab-
lished, several mechanisms have been proposed by which
exercise reduces oxidative damage contributing to carci-
nogenesis [11].

PA is also associated with better heart health, mood,
overall wellbeing, a lower risk of diabetes, reduced smok-
ing cravings and withdrawal symptoms, as well as a lower
risk of other cancers [12, 13]. Improvements in heart
health are particularly significant as the biggest cause
of death in the National Lung Screen Trial, the largest
LDCT lung cancer screening randomised controlled trial
(RCT) to date, was cardiac disease [14]. Additionally, in
people with lung cancer, higher levels of PA are associ-
ated with improved exercise capacity, health-related
quality of life (HRQoL), mood, and physical function [3,
15].

The World Health Organisation (WHO) recommends
adults (aged =18 years old) should do at least 150 to
300 min of moderate-intensity aerobic PA or at least 75
to 150 min of vigorous intensity aerobic PA, or an equiva-
lent combination of moderate and vigorous PA intensity
throughout the week [12]. At least 2 days per week of
muscle-strengthening activities and limiting the amount
of sedentary time are also recommended [12]. One hun-
dred and fifty minutes of moderate-intensity PA per week
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is equivalent to 600 Metabolic Equivalent Task (MET)-
minutes/week [16].

The opportunity to intervene with PA advice as part of
a lung cancer screening program has not been previously
explored. The primary objective of this study is to assess
the feasibility and safety of recruiting people attending a
lung cancer screening trial to participate in a randomised
study examining the impact of an 8-week multi-modality
exercise program on PA levels and exercise capacity.

Methods

This feasibility RCT recruited participants from a sin-
gle Australian International Lung Screen Trial centre
(ILST; registered on ClinicalTrials.gov August 2016
NCT02871856). The ILST is a multisite single arm LDCT
lung cancer screening study, with the primary objectives
of comparing lung cancer screening participant selec-
tion criteria and evaluating a nodule management pro-
tocol [17]. Participants underwent a baseline LDCT to
screen for lung cancer with further interval scans and
investigation for lung cancer determined as per the trial
protocol using the PanCan nodule calculator score [17].
The ILST recruited women and men aged 55 to 80 years-
old who were current or former smokers with either an
estimated 6-year lung cancer risk of 21.51% (Prostate,
Lung, Colorectal and Ovarian 2012 (PLCOm2012) risk
prediction model) or 230 pack-year smoking history, and
Eastern Cooperative Oncology Group (ECOG) perfor-
mance status 0—1 [17]. Additional RCT inclusion criteria
included being able to safely complete home-based exer-
cise, no co-morbidity preventing completion of exercise,
no lung cancer diagnosis, and able to walk 100 m inde-
pendently. Recruitment was planned a 6-month period
or until a target of 75 participants were randomised. The
study was approved by the Melbourne Health Human
Research Ethics Committee (HREC/74684/MH-2021).
Written informed consent was obtained from all individ-
uals. This study was registered in July 2022 with Austra-
lian Clinical Trials (ACTRN12622001001785). All ILST
participants who were currently smoking were offered
a referral to a smoking cessation service at the time of
enrolment.

Interventions
Eligible participants were randomised 1:1:1 via computer
generated sequence to received either usual care (UC),
usual care plus written information (UC+ WI), or usual
care plus written information and home-based exercise
program (UC+WI+EP). The randomisation schedule
was generated and uploaded to REDCap by a staff mem-
ber not involved in the Physical Activity and Lung cancer
Screening study.

Usual care consisted of the standard medical and nurs-
ing support provided as part of the ILST and included
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scheduling of LDCTs, communication of LDCT results
with primary care providers, and annual written ques-
tionnaire follow-up. Written material provided was the
Australian physical activity and sedentary behaviour
guidelines booklet [18]. This booklet was produced by
the Australian Government Department of Health and
describes what PA is, its benefits, the recommended lev-
els of PA, suggestions to increase PA, as well as strength-
ening exercises [18]. The home-based exercise program
was individualised to the person (their ability and safety
to perform the exercises). The 8-week program was con-
ducted remotely by medical staff trained in the interven-
tion protocol. Medical staff had additional certifications
in behavioural change techniques with Health Change
Australia [19]. Participants were encouraged to exercise
at home unsupervised and received weekly videoconfer-
encing and/or telephone support during the program.
The program consisted of educational, resistance training
and aerobic components, with weekly progress and goal
setting reviews aimed to meet the Australian guideline’s
PA targets. The once-a-week session with staff started
with a discussion about PA and lung cancer, Australian
Guideline recommendations for PA, followed by behav-
ioural change counselling. This included assessment of
PA completed during the week, including meeting of any
previous PA goals, as well as the participant selecting a
new personalised goal for the week. If new resistance
exercises were selected as part of the goal, written infor-
mation, including exercise description, from the Lung
Foundation Australia [20] and PhysioTherapy eXercises
[21] was emailed to the participant. A full description of
the program is summarised in Table E1 (supplementary
materials).

Outcomes

The primary objectives of the study were feasibility and
safety of delivering the training program. Feasibility was
assessed using consent rate to the study overall, adher-
ence to the exercise program (intervention arm), and
attendance at follow-up assessments. A consent rate,
exercise adherence rate (measured using home exercise
diaries and attendance at weekly review meetings), and
attendance at follow-up rate of >70% was considered a
priori to be feasible. This rate of 70% is based on atten-
dance rates reported in prior exercise training studies in
the oncology setting [22]. We also collected data on use
of the information booklet (read or unread and useful-
ness) for the relevant two arms at the 9-week timepoint.
The participant feedback survey questions are provided
in Survey E1 (supplementary materials).

Safety was assessed by the number of adverse events
occurring during or within 60 min following the inter-
vention. Information regarding any adverse events was
requested from participants during the weekly telephone
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or telehealth consultation. Serious adverse events are
defined as any adverse event related to the study that
resulted in death or is life-threatening, requiring hospi-
talisation, causing disability or incapacity. Minor adverse
events were those that are directly caused by exercise
such as: a minor fall, new or progressive pain, transient
neurological deficits, transient altered mental status, pal-
pitations or progressive fatigue [23].

Secondary objectives were to examine changes in
PA, exercise capacity, muscle strength, overall health,
and wellbeing measured at three timepoints, baseline,
9 weeks and 6 months and consisted of questionnaires
(International Physical Activity Questionnaire (IPAQ)
[24], 36-Item Short Form Health Survey (36-SF) [25],
Hospital Anxiety and Depression Scale (HADS) [26], and
EuroQol five dimensions questionnaire (EQ-5D-5 L) [27]
as well as objective assessments (6-minute walk distance
(6MWD), hand grip muscle strength, and a 10-day step
count measured using an electronic pedometer (Gar-
min Vivofit 4 or Garmin Vivosmart4). PA levels were
measured by IPAQ and step count, whereas 36-SF and
EQ-5D-5 L assessed health and wellbeing. HADS specifi-
cally assessed mood. Exercise capacity was measured by
6MWD.

Statistical methods

Data analysis was performed in R version 4.3.1 (R Foun-
dation for Statistical Computing, Vienna, Austria;
www.r-project.org). Descriptive statistics were used
to summarise demographic characteristics of the par-
ticipants and the feasibility and safety outcomes. For all
numerical outcomes, differences between trial arms at
each time point were assessed using one-way ANCOVA
with the baseline measurement of each outcome used as
a covariate. Residual plots were examined visually to ver-
ify the ANCOVA model assumptions of equal variance
and approximate normality. Mean differences between
each intervention group and the control arm (UC) are
reported along with 95% confidence intervals. No p-val-
ues are provided as this is a feasibility study with inad-
equate power to assess the efficacy of the treatment.

Results

During the recruitment period (May-July 2022), 151
ILST participant records were reviewed. Participant
recruitment is described in Fig. 1. 67% of those success-
fully contacted consented, with an additional three peo-
ple agreeable to enrol in study after recruitment closure.
Of those who declined participation, 49% declined due to
disinterest,. 32% declined as they were unable meet inter-
vention time commitment, 14% declined as they were
unable to attend onsite for assessments, and a further one
participant declined as already physically active.
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Fig. 1 Participant flow diagram

Baseline characteristics of those enrolled in the RCT
and those who declined are presented in Table E2 (sup-
plementary materials). Characteristics of those enrolled
in each study group are presented in Table 1. Baseline PA
levels derived from IPAQ for each group are presented in
Fig. 2.

Home-based exercise program

Of the 25 participants randomised to the UC + WI+EP
arm, 22 participants (88%) attended 100% of their weekly
sessions (number attending >70% of sessions =22 partici-
pants). Twenty-three (92%) elected for their once-a-week
review to be via telephone, with the remaining opting for
videoconference. Two participants (8%) withdrew from
the intervention after attending the first session how-
ever continued to have assessment visits, and 1 partici-
pant withdrew after week 4 from the study completely.
Reasons for withdrawal were collected by staff via tele-
phone at the time of notification and included change in
personal commitments and satisfaction with existing PA
levels.

69% of weekly PA goals were met by participants. The
exercise program was conducted predominantly during
Australian winter months. It should be noted that 44%
of participants reported being unwell from respiratory
viruses including COVID-19 during their program. The
most common reason (48%) for not meeting weekly PA

goals was illness, followed by busyness (27%), and poor
weather (17%). There were no major or minor adverse
events associated with the exercise program. Of the 24
participants who completed feedback for the exercise
program, 23 (96%) found the program a positive experi-
ence, and one participant who withdrew after one session
reporting dissatisfaction with use of the pedometer.

Booklet intervention

100% of UC+WI+EP group and 84% of the UC+WI
group reported reading the booklet. 70% (35 partici-
pants) reported the booklet was useful.

Follow-up assessments

99% of participants completed both the 9-week and
6-month follow-up assessments. Key descriptive results
over time are presented in Table 2 with the complete
EQ-5D-5 L, SF-36 and IPAQ results presented in Table
E3 (supplementary materials). Adjusted mean differences
between groups (average treatment effects) for secondary
outcome measures are summarised in Table E4 (supple-
mentary materials).

As this was a feasibility study, it was not powered to
detect meaningful differences in secondary outcomes.
Our cohort had a similar baseline overall health and
wellbeing scores (EQ-5D-5 L VAS and SF-36) compared
to the general Australian population [28, 29]. While the
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Table 1 Baseline participant characteristics by group
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Characteristic

Usual care group, N=25'

Written Information only group, Home-based

N=25" exercise pro-

gram group,

N=25'
Age 66.0 (63.0, 73.0) 65.0 (62.0,71.0) 66.0 (61.0, 73.0)
Sex (male) 15 (60%) 13 (52%) 15 (60%)
Education
8th grade 1 (4%) 0 (0%) 2 (8%)
9th to 11th grade 5(20%) 7 (28%) 9 (36%)
High school graduate 6 (24%) 6 (24%) 2 (8%)
Technical/vocational certificate 1 (4%) 3(12%) 2 (8%)
Some college/university 5 (20%) 3(12%) 2 (8.0%)
University graduate 3(12%) 2 (8.0%) 5 (20%)
Postgraduate 4 (16%) 4 (16%) 3(12%)
Work
Employed 9 (36%) 14 (56%) 7 (28%)
Retired 9 (36%) 7 (32%) 9 (26%)
Disabled 0 (0%) 0 (0%) 2 (8%)
Other 1 (4%) 1 (4%) 1 (4%)
Unemployed 2 (8%) 0 (0%) 1 (4%)
Unknown 4 3 5
Smoking status
Current 11 (44%) 12 (48%) 11 (44%)
Former 14 (56%) 13 (52%) 14 (56%)
Pack year history 52 (41, 64) 42 (38,63) 44 (36, 56)
PLCO 3.17(2.18,5.34) 2.33(1.90,2.87) 2.59(1.55,4.20)
FER 72 (62,78) 68 (65,71) 69 (65, 77)
FEV1 (%) 103 (84, 109) 99 (90, 103) 95 (83, 109)
DLCO (%) 78 (71,94) 78 (71,90) 81(71,89)
" Median (IQR); n (%)
uncertainty in these outcomes was substantial, the results ~ Discussion

were consistent with improved physical activity levels
(step count and IPAQ scores) as depicted in Fig. 3A and B
in the UC+ WI+EP group compared with the UC group
at 9-week and 6-months. Reduction in HADS anxiety
and depression scores were also noted (Fig. 3C and D),
however these were not clinically significant. There were
no obvious patterns noted in the UC+WI group com-
pared to UC group.

As an exploratory investigation, progress over time
for the UC+ WI+EP group by baseline IPAQ PA inten-
sity is presented in Figure E1 (supplementary materi-
als) for total IPAQ score, 6MWD, daily step count and
grip strength. While no statistical comparisons were
performed, it was observed that participants of the
UC+WI+EP with low PA levels at baseline also had
improved PA levels (total IPAQ) and step counts which
while lower than at 9 weeks, were still higher than base-
line at 6 months.

To our knowledge, this phase 1 feasibility RCT is the first
to evaluate any kind of exercise intervention aimed at
improving PA levels in high-risk individuals with active
smoking history as part of a lung cancer screening pro-
gram. This study demonstrated that screening partici-
pants were interested in a PA intervention when offered
as part of lung cancer screening. The overall consent rate
of those contacted for the study was 67%. Whilst this is
marginally lower than the pre-specified 70%, recruitment
to the study was closed after only 3 months due to meet-
ing pre-defined capacity. There was high compliance with
the home-based exercise program (88% of participants
attending 100% of weekly sessions), and attendance of
follow-up (99% participants completed all three assess-
ments). The program was safe, with no adverse events
reported.

There is a paucity of published data prospectively eval-
uating PA levels in people at high-risk of lung cancer.
A Canadian case-control study with 2078 participants
reported a lower lung cancer risk in both men (OR 0.66,
95% CI 0.46—0.92) and women (OR 0.55, 95% CI 0.34—
0.88) in the highest tertile of recreational PA compared
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Fig. 2 Baseline PA levels by group
Table 2 Secondary outcome measures over time by group

Control Written information only Home-based exercise program

Baseline’  9weeks' 6 Baseline’  9weeks' 6months’ Baseline’ 9 weeks’ 6

months' months’
EQ-5D-5L N=25 N=25 N=25 N=25 N=25 N=25 N=25 N=24 N=24
Visual Analogue Scale 77 (16) 75 (19) 74 (18) 82(12) 81(11) 79(13) 77 (17) 74 (19) 77 (17)
HADS N=25 N=25 N=25 N=25 N=25 N=25 N=25 N=24 N=24
Anxiety 49(3.8) 56 (4.5) 53(423) 3.7@3.7) 39(3.8) 38(3.7) 544 (3.54) 412 (2.61) 4,08 (2.70)
Depression 34(3.0) 4.0(3.7) 40(3.5) 268(227) 296(286) 3.00(258) 416225  275(233) 329 (2.51)
IPAQ N=25 N=25 N=25 N=25 N=25 N=25 N=25 N=24 N=24
Total MET/min/week 2,388(3,150) 1,974 2,156 2,590 (3,129) 1,739 2,224.(2,598) 2,047 (2,240) 3,911 (5977) 2611
(1,711) (1,609 (2,179 (2413)

Sitting Hours 55(3.0) 58(29) 5.5 (3.0) 5229 6.2 (3.5) 57 (2.7) 6.8 (4.2) 55(3.5) 513.1)
Daily step count N=25 N=25 N=24 N=25 N=24 N=24 N=25 N=22 N=22

9,839 (8,536) 9,198 6,997 7,568 (3,919) 8,527 9,097 (4,445) 8,399 (4,286) 9,071 (5991) 10,029

(5,404) (3,216) (3,949) (5,627)

6MWD N=24 N=25 N=25 N=25 N=25 N=24 N=25 N=24 N=23

525 (105) 545 (99) 541 (114) 548 (98) 555 (90) 553 (93) 552 (80) 562 (100) 565 (85)
Hand Grip (males) N=15 N=15 N=15 N=13 N=13 N=12 N=15 N=15 N=15
Left (kg) 30 (6) 30(5) 32(5) 34 (6) 33(6) 35(6) 33(7) 32(7) 32(6)
Right (kg) 34 (8) 33(8) 34(7) 35 (6) 36 (6) 36 (7) 35(5) 33(10) 34(9)
Hand Grip (females) N=10 N=10 N=10 N=12 N=12 N=12 N=10 N=9 N=8
Left (kg) 15 (5) 15(5) 15(5) 18 (5) 19 (5) 20 (5) 18 (4) 21 (6) 21 (5)
Right(kg) 17 (5) 17 (5) 18 (4) 22 (5) 23 (5) 22 (6) 20 (6) 23(7) 24 (6)

" Mean (SD)
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Fig. 3 Adjusted mean differences between groups with 95% confidence intervals for average daily step count (A), total IPAQ score (B), HADS Anxiety
score (C), and HADS Depression score (D). Each variable is adjusted for baseline values of that variable using ANCOVA
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with those in the lowest [30]. We have previously con-
ducted a prospective observational study of PA levels in
our lung cancer screening cohort which demonstrated
that 24% of our cohort did not meet WHO and Aus-
tralian guideline recommendations for PA [31]. Whist
screening trials are at risk of healthy volunteer bias, there
is still a significant proportion of high-risk individuals
who have low PA levels which is a potentially modifiable
risk factor for lung cancer. Additionally there are also the
well-established benefits of PA for cancer-mortality, all-
cause mortality, and cardiovascular health in older adults
[32].

Similar exercise programs have been trialled in the lung
cancer setting [33]. As highlighted by the CAPACITY
study, sustained behaviour changes and improvements in
PA are difficult to maintain [33]. However, the incorpora-
tion of behavioural change strategies including overcom-
ing barriers in a self-directed manner and self-designed
structured weekly goals is a strength of this intervention
[19, 34].

Limitations

This was a feasibility study aimed at evaluating recruit-
ment, adherence, and intervention safety, and therefore
enrolment contact was attempted consecutively and/or
at existing follow-up appointments. As such, the major-
ity of our study cohort met PA guidelines at baseline. In
these instances, participants were offered to increase
the duration and/or intensity of PA, focus on endur-
ance and strengthening, or maintain current PA goals. In
future studies aimed at evaluating efficacy, incorporation
of baseline PA levels to determine eligibility would be
desired to ensure the intervention is improving baseline
low levels of PA [35]. This study did not collect informa-
tion regarding smoking cessation attempts; however, this
would be useful in future research given previously dem-
onstrated benefits of PA on smoking patterns. Due to the
nature of the intervention, study participants and staff
were not blinded to the intervention. A high proportion
of participants also experienced respiratory illness during
the exercise program impacting progress. This is likely
related to the winter season.

In conclusion, this study demonstrated that a home-
based exercise program is feasible and safe and could be
a low-risk, intervention with significant benefits for high-
risk individuals participating in a lung cancer screening
program. Like with smoking cessation advice, the oppor-
tunity to intervene with PA advice at the point of lung
cancer risk assessment of people with an active smoking
history, even in those who may not be eligible for screen-
ing, may be invaluable. Further evaluation of the home-
based exercise program is needed to determine efficacy
as part of a lung cancer screening program.
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