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1 | INTRODUCTION

The purpose of this study was to investigate the feasibility and preliminary efficacy of
a pragmatic distance-based intervention designed to increase physical activity (PA)
participation in lung cancer survivors. Fourteen lung cancer survivors were recruited
via invitation from the State Cancer Registry to join a 12-week PA intervention of print
materials paired with brief telephone follow-up. Outcome measures of feasibility, PA
participation and quality of life (QoL) were assessed at baseline, post-intervention and
follow-up via telephone interview. Eligibility, recruitment and attrition rates were
16%, 58% and 29% respectively. No adverse events were reported; however, pain
scores worsened following the intervention (median change -3.6, IQR -8.0, 0.0).
Average intervention adherence was 91% with low median ratings of participation
burden (i.e., all items 1/7) and high trial evaluation (i.e., all items 7/7). Post-intervention,
median change in self-reported moderate and vigorous PA was 84 min (IQR -22, 188),
and several domains of QoL improved. However, for both of these outcomes, im-
provements were not maintained at follow-up. Our findings suggest that this prag-
matic distance-based intervention was safe, had good adherence rates, and indicate
potential for improving short-term PA and QoL in lung cancer survivors. Additional
strategies are needed to improve other indicators of feasibility, particularly recruit-
ment, retention and long-term maintenance of improvements. Australian New Zealand
Clinical Trials Registration: ACTRN12612000085875.
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Balduyck, Hendriks, Lauwers, & van Schil, 2007; Brunelli et al., 2007;
Handyjr et al., 2002; Zieren, Muller, Hamberger, & Pichlmaier, 1996).

Lung cancer is a leading cause of invasive cancer internationally and
accounts for one in every five cancer deaths worldwide (Ferlay et al.,
2015). Following treatment, survivors of lung cancer (i.e., patients
from the point of diagnosis for the remainder of life; Denlinger et al.,
2014) face many ongoing symptoms such as fatigue, loss of physical

functioning, shortness of breath and decreased quality of life (QoL;

Research indicates that only 30%-40% of lung cancer survivors meet
physical activity (PA) guidelines (Coups et al., 2009b; Granger, Denehy,
McDonald, Irving, & Clark, 2014). Survivors of lung cancer are signifi-
cantly less active, exhibit lower neuromuscular strength, are in worse
nutritional status, have more depressive symptoms, and report lower

QoL than non-cancer controls (Granger, McDonald, et al., 2014). Over
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time, PA levels decline, contributing to reductions in functional capac-
ity and worsening symptoms (Granger, McDonald, et al., 2014).

Physical activity could play a key role in maintaining health and
Qol for lung cancer survivors. Evidence suggests that lung cancer sur-
vivors 1-6 years post-surgery meeting PA guidelines (i.e., 150 min of
moderate PA per week) report significantly higher QolL, less fatigue,
shortness of breath and depressive symptoms than those not meet-
ing guidelines (Coups et al., 2009a). In addition, lung cancer survivors
often suffer with comorbid disease and are at a high risk of develop-
ing a recurrence of cancer (Aarts et al., 2015; Gester, Paulus, Sibille,
Duysinx, & Louis, 2016). PA could play a key role in maintaining func-
tional independence as well as fitness to withstand future treatment
for this population (Lakoski, Eves, Douglas, & Jones, 2012).

Following lung resection, short-term supervised exercise interven-
tions have demonstrated effectiveness for improving exercise capacity
(Cavalheri, Tahirah, Nonoyama, Jenkins, & Hill, 2014). However, super-
vised interventions have challenges for translation including financial
costs, accessibility and the exclusion of survivors residing outside met-
ropolitan areas (Peddle-Mcintyre, Bell, Fenton, McCargar, & Courneya,
2012). In addition, these programmes are typically targeted at the
immediate post-surgical population. The majority of long-term lung
cancer survivors (55%) report unmet supportive care needs regard-
ing exercise and weight control (Yun et al., 2013). Given the potential
benefits of PA, coupled with poor current participation rates but high
interest levels, there is a clear need for interventions to increase PA
levels for lung cancer survivors.

Interventions utilising print materials and telephone follow-up in
cancer survivors have demonstrated positive effects for increasing PA
levels, and self-reported physical functioning but are lacking in lung can-
cer (Goode, Lawler, Brakenridge, Reeves, & Eakin, 2015). Similarly, inter-
ventions using a theoretical framework, such as the Theory of Planned
Behavior, have been shown to be particularly effective for impacting
behaviour change (Vallance, Courneya, Plotnikoff, & Mackey, 2008).
However, the majority of research to date has been conducted in breast
cancer survivors (Goode et al., 2015). There are important differences
between these cancer survivor populations that could impact the feasi-
bility and fidelity of distance-based interventions. Lung cancer survivors
have higher rates of comorbidities, particularly cardiovascular disease
and respiratory disease, compared with other cancer survivor groups
(Ogle, 2000). Lung cancer patients presenting for surgery have poor
functional capacity (Handy et al., 2002), which is further compounded
by specific side effects of lung resection such as decreased lung function
and cardiorespiratory fitness (Khuri, McKenna, & Movas, 2000). Research
regarding tailored interventions that address specific functional, psycho-
social, disease-related issues faced by lung cancer survivors is required.

The majority of early-stage lung cancer survivors report a desire
and willingness to engage in PA and would prefer a programme tai-
lored to lung cancer survivors (Philip et al., 2014). Walking has been
reported as the preferred PA modality (Philip et al., 2014), and home-
based activity is also a preferential location for training among lung
cancer survivors (Leach, Devonish, Bebb, Krenz, & Culos-Reed, 2015).
Offering survivors a low-burden intervention aimed at the most pre-

ferred modality of PA with information specifically tailored to lung

cancer survivors could be feasible and effective in increasing PA as
well as QoL in this population.

Therefore, we conducted a prospective single group pilot study to
investigate the feasibility of a distance-based intervention designed
to increase PA levels in lung cancer survivors. Our primary aim was to
examine feasibility indicators (i.e., eligibility rate, recruitment rate, attri-
tion rate, adherence, number of adverse events, ratings of burden and
acceptability). Our secondary aim was to describe the effects of the in-
tervention on PA participation and patient-reported outcomes of QoL,
fatigue and shortness of breath. We hypothesised that the intervention
would be feasible and result in increases in PA and improvements in
patient-reported outcomes at post-intervention and follow-up.

2 | METHODS

2.1 | Setting and participants

The study was conducted at the Exercise Medicine Research Institute
at Edith Cowan University, Perth, Western Australia. Ethical ap-
proval was granted from the Edith Cowan University Research Ethics
Committee and the Department of Health Western Australia Human
Research Ethics Committee. Informed consent was obtained from all
participants. Eligibility criteria included confirmed stage I-IlIB non-
small-cell lung cancer, or limited stage small cell lung cancer; not meet-
ing exercise guidelines (i.e. performing <150 min of moderate and
vigorous PA per week); completed treatment for cancer for >8-weeks;
have no planned cancer treatment in the next 12 weeks; ability to read
and understand English; access to a telephone; over 18 years of age;
and no musculoskeletal, neurological, or cardiovascular disorder that
could inhibit exercise or put a participant at risk of injury or illness.

2.2 | Design and recruitment

Survivors were recruited via mailout invitation through the Western
Australia State Cancer Registry. We conducted a prospective single
group feasibility study. Potentially eligible participants were identified
through the Cancer Registry and sent a recruitment package contain-
ing information about the study including a study response form, re-
searchers’ contact information and a pre-paid envelope. Participants
interested in the study were requested to contact the researchers by
telephone, email, or via study response form in a pre-paid envelope. A
reminder letter was mailed 3 weeks later if no contact was made with
the Cancer Registry or researchers. Potential participants were subse-

guently screened via telephone for eligibility and enrolled if appropriate.

2.3 | Physical activity intervention

The PA intervention consisted of print materials paired with tele-
phone follow-up designed to increase PA. The intervention was de-
livered over 12 weeks according to the schedule outlined in Figure 1.
The goal was to progress towards achieving 150 min of moderate PA
per week, which is the current aerobic exercise recommendations for

cancer survivors (Schmitz et al., 2010). The intervention focused on
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Baseline Intervention Post Follow-up
Week 0 1 2 3 4 5 6 7 8 9 10 11 12 13 24
Intervention A XX * * * * A A

A Telephone questionnaire assessment
* Print-based materials and telephone follow-up designed to increase physical activity

FIGURE 1 |Intervention schedule

TABLE 1 Overview of print-material intervention components

Theory of planned behaviour

Week topic Activities for participants construct targeted

1 Welcome (5 pages) e Begin completing logbook e Intention

10

12

increasing walking, which constitutes the majority of daily PA and is

the most common, and preferred, form of PA among lung cancer sur-

e Introduce the study team

e What to expect over the next 12 weeks
e Benefits of getting active

e Testimonials

e Safety information

e Contact information for follow-up
Logbook and instructions (2 pages)

e Defined levels of activity

e Examples of activity

e Example logbook

Getting active (5 pages)

e What is moderate activity?

e How to start

e Doing 10-min bouts

e Exercise physiologist provides a tailored goal from
baseline PA

Goal setting (5 pages)

e SMART goals

e Learning to set long-term goals
e Gradual improvement

e Setting weekly goals

e Activity cues

Dyspnoea (5 pages)

e What is dyspnoea?

e Tips for coping with dyspnoea during PA
e Education on inactivity and dyspnoea
Barriers (5 pages)

o |dentifying and overcoming barriers

e Tips provided on lung cancer-specific barriers and
general barriers

Setbacks (2 pages)

o Dealing with setbacks by making specific plans problem

solving
o Giving yourself credit

Benefits of getting active (2 pages)
e Benefits for lung cancer survivors
e Testimonials

Cancer-related fatigue (2 pages)
e What is cancer-related fatigue
o Strategies for being physically active with fatigue

vivors (Granger, Denehy, et al., 2014).

Worksheet for planning activity

o e.g., why types of PA do | like to do?

Set a specific goal

o Starting xx | will do xx activity for xx
min xx times next week

Set a specific goal

o Starting xx | will do xx activity for xx
min xx times next week

o Implementation intentions

Worksheet for long-term goals

Identify barriers
Review tips for overcoming barriers
Self-efficacy

Identify specific barrier
Devise a specific plan

List positive changes made
Controllability

Review goals and progress

e Instrumental attitude
e Subjective norm

e Descriptive norm

e Intention

o Affective attitude
¢ Implementation intentions

e Implementation intentions
¢ Intention

e Instrumental attitude
e Controllability

o Self-efficacy
e Controllability

e Controllability
o Self-efficacy

e Intention
e Instrumental attitude
e Subjective norm

e Instrumental attitude
e Controllability

An overview of the components of the print materials is outlined

in Table 1. The materials were developed through literature review, in-

cluding previous work from breast cancer survivors (Vallance, Courneya,
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Taylor, Plotnikoff, & Mackey, 2008). The intervention print materials were
developed in accordance with the framework of the Theory of Planned
Behavior (Ajzen, 1991). The intervention targeted the theoretical con-
structs of intention, instrumental and affective attitude, subjective and
descriptive norms, as well as self-efficacy and controllability as outlined
in Table 1 (Vallance, Courneya, Plotnikoff, et al., 2008). The intervention
used previously elicited attitudes, beliefs, norms and barriers in lung
cancer survivors to inform the development of materials (Peddle et al.,
2009; Peddle-Mcintyre, Bell, Fenton, McCargar, & Courneya, 2013). In
addition, the print materials were designed to address specific func-
tional, psychosocial, disease-related issues faced by lung cancer survi-
vors. Print materials provided contact information to access a telephone
consultation with an exercise physiologist with expertise in lung cancer.

The Edith Cowan University Survey Research Centre conducted
the telephone follow-up. This Centre is experienced in performing tele-
phone follow-up assessing lifestyle (Gunnell et al., 2013). Telephone
calls were designed to last between 5 and 10 min. Each scripted call
was tailored to compliment the print materials. At each contact, survi-
vors were asked what barriers to PA were faced that week, what activ-
ities they performed, what they planned to do in the following week,
how much moderate PA they recorded in their logbook, and if they
experienced any adverse events. In addition, survivors were given a
brief overview (i.e., the take-home message) of the topic for the week
(e.g., fatigue), and asked if they would like any additional assistance
(i.e., a call from an exercise physiologist). Staff conducting telephone
follow-up received two sessions of training regarding the clinical pop-

ulation and implementing the intervention.

2.4 | Outcome measures

All outcome measures were assessed by telephone interview using
Surveycraft (IBM® SPSS® Surveycraft™), which is a Computer Assisted
Telephone interview programme, and completed at baseline (week 0),
post-intervention (week 13) and follow-up (week 24). Medical and de-
mographical information was collected during screening via telephone
interview.

2.4.1 | Feasibility outcomes

Feasibility outcomes included eligibility rate, recruitment rate, attri-
tion rate, adherence and number of adverse events. Specifically, eli-
gibility rate was defined as the total number of participants eligible
as a percentage of the total number approached. Recruitment rate
was defined as the number of participants recruited as a percentage
of the total number eligible. Attrition rate was defined as number of
participants lost to follow-up as a percentage of the total number
enrolled (Sellar et al., 2014). Adherence was defined as the number
of telephone follow-up calls attended out of a possible eight, for all
participants regardless of attrition. At each telephone contact, partici-
pants were asked to report adverse events.

Acceptability of the intervention was measured by assessment of
ratings of burden and acceptability. At post-intervention, survivors
were asked to rate the burden of (1) receiving the telephone calls, (2)

reviewing the print materials, (3) completing the questionnaires, (4)
doing the home-based PA and (5) completing the logbook. Survivors
were also asked to rate the acceptability of the trial in regard to par-
ticipation being: (1) a waste of my time, (2) useful research for helping
others, (3) useful for me personally, (4) something | would recommend
to other lung cancer survivors and (5) something that will help me
continue exercising on my own. Each item was scored from 1 (not at
all) to 7 (very much; Peddle-Mcintyre et al., 2012; Rogers, Markwell,
Courneya, McAuley, & Verhulst, 2011). To assess acceptability of the
intervention materials, at each telephone contact, survivors were
asked: (1) if the material was relevant, (2) if the material was easy to
understand and (3) if they attempted to do the activity (in weeks that

there was a written activity included in the print material).

2.4.2 | Physical activity level

Patient-reported PA was measured by the Godin Leisure Time Exercise
Questionnaire (Godin, Jobin, & Bouillon, 1986). Moderate and vigor-
ous physical activity (MVPA) was calculated by combining minutes
with a double weighting on vigorous intensity minutes (Armstrong,
Bauman, & Davies, 2000). Meeting the intervention target was de-
fined as those self-reporting 150 min of MVPA at post-intervention
(Schmitz et al., 2010).

2.4.3 | Patient-reported outcomes

General and disease-specific QoL was assessed by The Medical
QOutcomes Study Short-Form 36 (Jenkinson, Wright, & Coulter, 1994,
Lyons, Perry, & Littlepage, 1994) and the Functional Assessment of
Cancer Therapy (FACT)—Lung Cancer Subscale (Cella et al., 1995),
respectively. Cancer-specific symptoms of fatigue (FACT-Fatigue;
Cella, Eton, Lai, Peterman, & Merkel, 2002) as well as shortness of
breath (Cancer Dyspnoea Scale; Tanaka, Akechi, Okuyama, Nishiwaki,
& Uchitomi, 2000) were also measured. Demographical and medical
characteristics were collected via self-report. Participants were asked
to answer yes/no to a list of questions (e.g., have you been told you
have diabetes, have you been told you have high blood pressure), ad-
ditionally participants were asked to list all illnesses or health condi-
tions. Number of comorbidities was defined as the total number of
self-reported conditions. Participants were asked to list all medica-
tions that were currently being undertaken. Number of medications
was defined as the total number of medications reported.

2.5 | Statistical analysis

All analyses were conducting using pasw Statistics 23.0 (IBM Inc.,
Somers, NY). Differences between responders and non-responders to
our mailout were assessed using independent samples t-test and chi-
square. As this was a pilot feasibility study, one of the study goals was
to gain information to inform sample size calculations to adequately
power future randomised controlled trials, paired with the fact that no
current clinically meaningful difference has been established for PA
participation in this population, we did not perform an a priori sample
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150 post-treatment stage I-lll lung cancer survivors
identified

Reasons for ineligibility (n = 126):
No response (n = 76)
“Returned to sender” (n = 12)
Un-contactable after first response (n = 11)
Refused screening (n =7)
Medical contraindications (n = 7)
Too active (n = 6)
Deceased (n = 4)
On treatment (n = 3)

\4
24 lung cancer survivors eligible

Reasons for refusal (n = 10)
Too busy (n = 3)
Not interested (n = 5)
Travelling (n = 2)

14 lung cancer survivors enrolled in the physical activity
intervention

Lost to follow-up (n = 4)
No longer interested in taking part (n = 2)
Unwilling to complete questionnaire (n = 1)
Unknown (n=1)

A 4

10 lung cancer survivors completed post-intervention
assessment (week 13)

|

10 lung cancer survivors completed follow-up
assessment (week 24)

FIGURE 2 Flow of participants through the trial

size calculation. Descriptive statistics (i.e., mean and standard deviation)
were used to describe feasibility outcomes as well as medical and de-
mographical characteristics. Given that this was a feasibility study with a
limited sample size and lack of normal distribution in several outcomes,
median and interquartile range were reported for PA level and patient-
rated outcomes at each time point. Median change score and interquar-
tile range are presented for each pairwise comparison for all complete

cases between time points. Significance was defined as a p < .05.

3 | RESULTS

Participant flow through the trial is outlined in Figure 2. Between
June and September 2012, 150 post-treatment lung cancer survivors
were mailed the recruitment package. To assess the representative-
ness of our sample, we compared those that were eligible (n = 24) and
those not eligible for the intervention (n = 126) based on the limited
medical and demographical variables available from the cancer reg-
istry. Eligible and non-eligible participants did not differ in terms of
age at mailout (67.2 years vs. 68.9 years; p = .472), age at diagnosis
(62.7 years vs. 63.8 years; p = .649), years since diagnosis (4.5 years
vs. 5.1 years; p = .303), or sex (46% male vs. 52% male; p = .257).

_Wl LEyJLflo

TABLE 2 Baseline demographical, medical of lung cancer
survivors

Variable N %

Age, mean (range) years 68 (42-91)

Sex, female 6 43

Number of medications, mean (SD) 3.1(2.1)

Number of comorbidities, mean (SD) 1.9 (1.1)
Hypertension 9 64
Anxiety/depression 4 29
Osteoporosis 3 21
Diabetes & 21
Gout 2 14
High cholesterol 2 14
Emphysema 1 7
Rheumatoid arthritis 1 7
Kidney disease 1 7
Thyroid disease 1 7

Baseline MRC dyspnoea score, 1.57 (0.76)

median (IQR)

Time since diagnosis, mean (range) year 3.7 (1-7)

Time since treatment completion, 3.4 (1-7)

mean (range) year®

Diagnosis: NSCLC 14 100

Treatment
Surgery 11 73
Adjuvant chemotherapy 2 14
Chemo/RT 4 29

NSCLC, non-small-cell lung cancer; MRC, Medical Research Council.
“Data were available by year (i.e., year of treatment completion).

Medical and demographical characteristics are reported in Table 2.
Participants had a mean age of 68, the majority had early-stage lung
cancer (73%), had received surgery (73%), were male (57%) and had
hypertension (64%).

3.1 | Feasibility

The eligibility and recruitment rate for the study were 16% and
58% respectively. Of the 14 participants enrolled, 50% lived in rural
Western Australia. The attrition rate of enrolled participants was
29%. The average adherence to the telephone follow-up was 91%
(SD = 21%; range 25%-100%). Eleven participants (79%) completed
the entire intervention and 12 participants completed at least 85% of
the intervention calls.

3.2 | Acceptability

Among participants who completed post-testing, median ratings
of burden were low (i.e., median for all items 1/7), and trial evalu-
ations were high (i.e.,, median for all items 7/7). Over the course of

the intervention, participants reported finding the materials relevant
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TABLE 3 Effects of distance-based physical activity intervention on patient-reported outcomes in lung cancer survivors

PEDDLE-MCINTYRE ET AL

Follow-up Baseline to post- Post-intervention to Baseline to follow-up
Baseline (n = 14) Post (n = 10) (n =10) intervention (n = 10) follow-up (n = 10) (n=10)
Median Median Median
Median IQR Median IQR Median IQR change IQR change IQR change IQR

Physical activity

Light Min 82 129 144 147 121 133 93 -7.5,160 -10 -215,129 52 -15, 156

MVPA Min 67 107 121 135 60 132 84 -22,188 -60 -188,4 0 -98, 38
Qol, SF-36

Physical 46.0 17.3 497 10.0 4846 13.2 1.1 -2.1,13.7 -21 -11.6,4.2 -1.0 -6.8,8.9

functioning

Role functioning 49.5 135 507 123 475 184 6.1 -55,9.8 =87/ -8.6,1.2 1.2 -11.0,5.5

Bodily pain 58.7 177 528 167 528 122 -3.6 -8.0,0 0.0 -8.1,8.0 0.0 -12.0,1.1

General health  45.3 145 529 155 441 257 48 21,83 -1.7 -13.2,0.8 1.9 -11.1,8.5

Vitality 52.1 195 490 133 458 21.1 1.6 -3.9,6.2 -3.1 -10.1,-3.1 0.0 -10.1, 6.2

Social 43.8 9.8 481 44 481 87 00 0,8.7 0.0 -4.4,0 0.0 0.0,5.5

functioning

Role emotional  45.0 77 465 0.0 465 62 00 0,3.9 0.0 -6.2,0 0.0 -1.6,3.8

Mental health 55.6 141 599 14.1 58.5 8.5 0.0 0,5.6 0.0 -3.5,0.7 0.0 -5.6,5.6

PCS 50.5 151 511 15.0 489 206 0.2 -23,6.2 -3.5 -74,25 0.6 -9.0,4.6

MCS 50.1 159 53.0 80 529 20.1 1.5 -0.6,1.6 0.1 -3.8,2.6 0.7 -2.9,32
Qol, FACT

FACT-G 92.0 200 96.0 183 875 180 15 -5.0,7.3 -3.0 -9.0,2.5 -1.0 -8.5,3.0

LCS 27.0 9.3 264 48 265 95 30 0.6,4.0 -0.5 -4.0,1.0 2.0 -0.8,4.3

Fatigue 44.5 10.3 450 16.0 43.0 15.5 1.5 -3.3,4.0 0.5 -2.75-1.25 1.0 -5.0,4.3
Cancer dyspnoea scale

Effort 3.0 3.5 2.5 3.0 3.0 48 -0.5 -2.0,0.0 0.5 -0.3,2.5 -0.5 -2.0,20

Discomfort 1.0 3.0 0.0 0.0 0.0 00 -0.5 -2.3,05 0.0 0.0,0.0 -0.5 -3.0,0.0

Anxiety 0.0 0.0 0.5 2.5 0.0 1.8 00 0.0,1.5 0.0 -1.5,0.5 0.7 0.0,0.5
Total 3.0 6.0 3.0 2.0 3.5 80 -15 -2.8,0.0 0.5 -1.5,45 -1.0 -2.3,1.3

IQR, interquartile range; min, minutes; MVPA, moderate and vigorous physical activity; QoL, quality of life; SF-36, Short-Form 36; FACT, Functional

Assessment of Cancer Therapy; LCS, Lung Cancer Subscale.

(median = 81% of the time; IQR 78%, 90%) and easy to understand
(median = 97% of the time, IQR 92%, 100%). The majority of the time
participants indicated attempting to complete the worksheets pro-
vided (median = 77%, IQR 60%-87%).

3.3 | PAlevel

At baseline, 50% of participants reported not taking part in any
PA. Descriptive statistics of changes in PA level are reported in
Table 3. MVPA increased from baseline to post-intervention (me-
dian change = 84 min/week) and decreased from post-intervention
to follow-up (median change = -60 min/week). The median change
from baseline to follow-up was 0 min/week of MVPA. Light PA in-
creased from baseline to post-intervention (median change = 93 min/
week) and decreased from post-intervention to follow-up (median
change = =10 min/week). The median change from baseline to follow-

up was 52 min/week of light activity.

Post-intervention, 54% of participants reported increased lev-
els of PA. Thirty-six per cent of participants reported achieving the
programme target of 150 min of MVPA per week. The remaining 18%
increased their activity level (i.e., increased from sedentary to insuffi-
ciently active between 1 and 149 min of MVPA). At follow-up, 20% of
participants reported achieving the programme target of 150 min of
MVPA. Ten per cent of participants reported PA levels between 1 and
149 min of MVPA.

3.4 | Patient-reported outcomes

Descriptive statistics of changes in patient-reported outcomes are
outlined in Table 3. From baseline to post-intervention, the me-
dian change in several domains of QoL reached the cut-point to be
considered clinically meaningful (i.e., >3 points; Ware et al., 2007).
Specifically, following the intervention, survivors reported improve-

ments in domains of role functioning (median change = 6.1), general
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health (median change = 4.8), as well as lung cancer-specific aspects
of QoL (median change = 3.0). Bodily pain worsened from baseline to
post-intervention (median change = -3.6). From post-intervention to
follow-up, QoL declined in role functioning (median change = -3.7)
and vitality (median change = -3.1). There were no meaningful
changes in median QoL scores from baseline to follow-up. No other

aspects of QoL or dyspnoea changed meaningfully at any time point.

4 | DISCUSSION

Here, we present the results of a pragmatic distance-based interven-
tion in lung cancer survivors designed to increase PA. To our knowl-
edge, this is the first distance-based PA intervention tested in lung
cancer survivors. The study suffered from a low eligibility rate, and a
29% attrition rate, and a small sample size that may affect the gener-
alisability of results. Intervention adherence rates were high, and par-
ticipants reviewed the programme favourably. There were no adverse
events reported, which lends support to the safety of this type of in-
tervention in lung cancer survivors. However, participants reported a
clinically meaningful worsening of bodily pain post-intervention. We
found improvements in PA participation as well as some aspects of
QoL at post-intervention, but these preliminary benefits were not
sustained at follow-up. Importantly, our intervention included 50% of
lung cancer survivors from a rural setting in Australia.

Overall, our intervention was shown to meet some, but not all in-
dicators of feasibility. The eligibility rate (16%) and recruitment rate
(58%) of the current intervention compare favourably with previous
distance-based PA interventions in cancer survivors, they are low.
Previous distance-based PA intervention research that employed can-
cer registries for recruitment report eligibility rates between 10% and
25% (Demark-Wahnefried et al., 2006, 2007). Study reach, or recruit-
ment rates, of distance-based PA and diet interventions vary widely
with reported rates between 24% and 89% (Goode et al., 2015). The
current eligibility rate is low and limits the generalisability of the find-
ings of this research.

We report an attrition rate of 29% and an average intervention
adherence of 91%. However, this attrition rate is higher than that of
a home-based walking intervention in lung cancer survivors (16% and
24%, respectively; Chen, Tsai, Wu, Lin, & Lin, 2015). Distance-based PA
interventions in other cancer survivor populations report attrition rates
of 5%-20% following 12- to 14-week interventions (Bennett, Lyons,
Winters-Stone, Nail, & Scherer, 2007; Hatchett, Hallam, & Ford, 2013;
Ligibel et al., 2012; Pinto, Frierson, Rabin, Trunzo, & Marcus, 2005;
Vallance, Courneya, Plotnikoff, Yasui, & Mackey, 2007). However, this
research was largely conducted in breast, prostate or colorectal can-
cer survivors. Survivors of lung cancer suffer with greater comorbidity
burden and decline in physical functioning (Leach, Bellizzi, Hurria, &
Reeve, 2016; Vijayvergia, Shah, & Denlinger, 2015), which could make
it more difficult to complete PA interventions. In this study, the main
reason for drop-out given by participants was no longer wanting to
receive telephone follow-up. In addition, one participant completed
the entire intervention but refused to complete post-intervention/
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follow-up questionnaires. This suggests that participants who dropped
out might have found the intervention and outcome assessment to be
burdensome.

Following the intervention, participants reported an average in-
crease of 84 min/week in MVPA, which returned to baseline at fol-
low-up. Meta-analysis of studies in cancer survivors suggests that
broad-reach modalities, such as the ones employed here, are effec-
tive for improving PA (Goode et al., 2015). Distance-based PA inter-
ventions in breast, colon and rectal cancer survivors ranging from 12
to 16 weeks long report increases in PA ranging from 12 to 71 min/
week (Ligibel et al., 2012; Pinto et al., 2005; Vallance et al., 2007).
Research has indicated that lung cancer survivors report very low lev-
els of MVPA (Coups et al., 2009b; Granger, Denehy, et al., 2014). The
current results suggest that participants were accumulating over two
additional sessions of MVPA per week following our PA intervention.
While this increase in PA could result in meaningful improvements in
health outcomes for this clinical population, currently there is no re-
search available to define a clinically meaningful improvement in PA
participation. However, current international and national exercise
guidelines/recommendations are for all cancer survivors (including
lung cancer) to accumulate 150 min of aerobic PA per week (Brown
et al., 2003; Schmitz et al., 2010). As a result, increases of ~80 min of
PA in this group of patients are likely to be clinical meaningful but re-
quire further validation. Larger, adequately powered randomised trials
are needed to determine what change in PA participation is required to
achieve a clinically meaningful improvement in health outcomes and
QoL in this population.

Overall, only about one-third of participants were able to achieve
the programme goal of 150 min of MVPA following the intervention.
A systematic review reports that adherence to PA goals in behavioural
interventions in colorectal cancer survivors ranges from 13% to 47%
(McCahon et al., 2015). Considering the medical challenges faced by
this study population, paired with a very low baseline participation in
PA (i.e., 50% reported being sedentary at baseline), the intervention
target could have been too challenging. A more modest intervention
target that included goals for breaking up sedentary time and increas-
ing light PA could have been more accessible to this patient group
while still providing beneficial outcomes (Arem et al., 2015).

The majority of evidence suggests that PA is difficult to maintain
during follow-up periods of distance-based interventions that employ
telephone and/or print-based materials (Goode et al., 2015), with only
a couple of studies reporting significant maintenance effects (Pinto,
Papandonatos, Goldstein, Marcus, & Farrell, 2013; Pinto et al., 2008).
In fact, we reported that the increase in median MVPA reported fol-
lowing the intervention was not maintained at follow-up. It is possible
that lung cancer survivors require support for a longer period than 12
weeks to retain improvements in PA participation.

In this study, we provide preliminary data to support a benefit of
this programme in the QoL domains of general health, role functioning,
and lung cancer-specific concerns, warranting a confirmation in future
studies. Contrary, there was also a clinically meaningful worsening of
bodily pain. Pain is a common symptom in lung cancer survivors; with

almost 60% of those 1-6 years post-treatment reporting pain (Lowery
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et al., 2014). The worsening of pain observed in this study could be
related to increased PA or other aspects of health (Aarts et al., 2015).
This result indicates that lung cancer survivors involved in PA interven-
tions could require more careful follow-up. Given the current findings
of increased pain following the intervention, a more thorough analysis
of pain (e.g., including multi-faceted measures of pain like the Brief
Pain Inventory) should be considered to elucidate the nature and cor-
relates of pain experienced in this setting.

This is a feasibility study with associated limitations. The small
sample size and lack of control group limit the conclusions that can
be drawn from this work. The study suffered from a low response
rate; therefore, the results may not be representative of the target
population. In fact, we originally planned to undertake a randomised
controlled trial, but it became clear that the number of participants ap-
proachable from the state cancer registry was too small to implement
such a design. We suggest that future research should consider using
multiple recruitment techniques (e.g., recruitment through clinics at
the end of treatment when patients might be more open to receiving a
health-behaviour intervention) and multi-site interventions to increase
sample size. Another consideration is that the intervention is not ap-
propriate for lung cancer survivors with complicated or severe comor-
bidity profiles who would require more thorough pre-intervention
screening than is available for a distance-based intervention (e.g.,
supervised exercise testing). Given the high rates of comorbidity in
this population, this could impact the generalisability of our interven-
tion, although it only accounted for 6% of those ineligible in this study.
Although telephone follow-up was designed to be short (i.e., between
5 and 10 min), future research should consider other strategies to re-
duce the length of calls, or vary the schedule to reduce burden (e.g.,
biweekly calls rather than weekly calls in first 4 weeks).

In light of our lack of maintenance effects of the intervention, fu-
ture research could consider increasing the intervention period and
perhaps continuation of a lower level of intervention for potential
maintenance of benefit. In this study, the intervention was based on
the Theory of Planned Behavior and included materials focused on
implementation intentions, or specifying when, where and how of
goal setting and overcoming barriers, as well as self-efficacy and per-
ceived controllability. Targeting these constructs has been shown to
assist with initiating behaviour change in clinical populations (Teixeira
et al., 2015). However, supporting maintenance of behavioural change
during follow-up periods could benefit from different theoretical per-
spectives. As one example, using a Social Ecological Model approach
could allow a broader perspective of multilevel interventions, that can
focus beyond individual-level components such as the techniques em-
ployed here, to add interpersonal (e.g., group education sessions), and
community-level components (e.g., tailored walking maps) to support
behaviour maintenance (Kerr et al., 2012).

All of the outcome measures employed in this study are self-report.
There are significant limitations in using self-report measures of PA
including over- and under-estimation of true PA participation as well
as rates of inactivity (Prince et al., 2008). Self-reported PA results are
subject to over-reporting and social desirability bias (Sallis & Saelens,
2000), and this must be considered when evaluating these results. The

costs and benefits of objective measurement of PA need to be consid-
ered in any study (Prince et al., 2008), and the pilot nature of this work
in a distance-based setting, paired with a limited budget precluded
objective measures of PA. However, using an objective measure of PA
would have provided better quantification of PA volume and intensity
as well as assessing sedentary time and should be strongly considered
for future research.

The results of this study should be extended in the future by em-
ploying research designs, such as randomised controlled trials, that
are able to assess the intervention in comparison to standard care. In
addition, other techniques to improve compliance and retention, such
as technology (e.g., apps, wearable technology, text reminders), could
improve retention of participants and behaviour maintenance. Finally,
home-based interventions designed to target different modalities of
exercise that could address the functional limitations experienced by
this patient population, such as resistance exercise, could be a valuable
avenue for future research.

5 | CONCLUSION

Our findings suggest that this pragmatic distance-based intervention
was safe, had good adherence rates and indicate potential for improv-
ing short-term PA and QoL in lung cancer survivors. However, addi-
tional strategies are needed to improve other indicators of feasibility,
particularly recruitment and retention of participants, as well as long-

term maintenance of improvements.
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