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a  b  s  t  r  a  c  t

Lung  cancer  survivors  exhibit  poor  functional  capacity,  physical  functioning,  and  quality  of  life (QoL).
Here,  we  report  the  feasibility  and preliminary  efficacy  of a progressive  resistance  exercise  training
(PRET)  intervention  in  post-treatment  lung  cancer  survivors.  Seventeen  post-treatment  lung  cancer  sur-
vivors  (10 female),  with  a  mean  age  of  67 (range  50–85),  mean  BMI  of  25,  and  diagnosed  with  non-small
cell  lung  cancer  (94%)  were  recruited  in  Edmonton,  Canada  between  August  2009  and  August 2010  to
undergo  PRET.  The  primary  outcomes  focused  on  feasibility  including  eligibility  and  recruitment  rate,
loss to follow-up,  measurement  completion,  exercise  adherence,  and  program  evaluation.  Secondary
outcomes  addressed  preliminary  efficacy  and  included  changes  in muscular  strength  (1 repetition  maxi-
mum),  muscular  endurance  (repetitions  at 70%  of 1 repetition  maximum),  body  composition  (DXA scan),
physical  functioning  (6-minute-walk-test,  up-and-go,  sit-to-stand,  arm  curls),  and  patient-reported  out-
comes including  QoL  (SF-36,  FACT-L),  fatigue  (FACT-F),  dyspnea  (MRCD),  and  patient-rated  function  (LLFI).
Forty of  389  lung  cancer  survivors  were  eligible  (10%)  and  17  of  the  40 (43%)  were  recruited.  Over  80%  of
participants  were  able  to complete  all testing;  two  participants  were  lost  to  follow-up,  and  the  median
adherence  rate  was  96%  (range:  25–100%).  Ratings  of  testing  burden  were  low  (i.e.,  less  than  two  out  of

seven for  all  items),  and trial evaluation  was  high  (i.e., greater  than six out of  seven  for  all  measures).
Paired  t-tests  showed  significant  increases  in  muscular  strength  (p  <  .001),  muscular  endurance  (p  < .001),
six-minute  walk  distance  (p  < .001),  up-and-go  time  (p  <  .05),  number  of arm  curls  (p  <  .001),  and  number
of chair  stands  (p  <  .001).  There  were  no  significant  changes  in  body  composition  or  patient-reported
outcomes.  PRET  is  a feasible  intervention  with  potential  health  benefits  for  a small  proportion  of  lung

st-tr
cancer  survivors  in  the  po

. Introduction

Lung cancer accounts for 15% of all new cancer diagnoses and
he most cancer deaths in North America [1]. Overall five year rel-
tive survival is only about 16%, however, if detected early the
urvival rate is 53% [2]. Lung cancer survivors, defined as any-
ne previously diagnosed with lung cancer [3],  often exhibit poor
unctional capacity [4,5], poor patient-reported physical function-
ng, and compromised quality of life (QoL) [6,7]. In addition to the
Please cite this article in press as: Peddle-McIntyre CJ, et al. Feasibility and p
cancer  survivors. Lung Cancer (2011), doi:10.1016/j.lungcan.2011.05.026

xpected age-related losses in physical function, lung cancer sur-
ivors often present with comorbidities and disease burden which
an lead to disability, loss of function and decreased QoL [8,9]. Few
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eatment  setting.
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interventions have been developed to attenuate functional declines
in lung cancer survivors [4,10–12].

Progressive resistance exercise training (PRET) is a well
tolerated intervention for improving muscular strength, body com-
position, physical fitness, physical functioning, and QoL in clinical
and older adult populations, including some cancer survivor groups
[13–16]. No studies to date, however, have focused exclusively
on PRET in lung cancer survivors. Consequently, there is a need
for feasibility studies to address a series of questions regarding
the interest, acceptability, and preliminary efficacy of PRET for
improving strength, physical function, and QoL in post-treatment
lung cancer survivors [15,17,18].  Here, we present the results
of a prospective single-group study designed to evaluate the
feasibility and preliminary efficacy of a PRET program in lung
reliminary efficacy of progressive resistance exercise training in lung

cancer survivors following treatment. We  hypothesized that the
training program would be feasible and result in improvements
in objective health-related fitness as well as patient-reported
outcomes.

dx.doi.org/10.1016/j.lungcan.2011.05.026
dx.doi.org/10.1016/j.lungcan.2011.05.026
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. Materials and methods

.1. Setting and participants

The study was conducted at the Cross Cancer Institute and
he University of Alberta in Edmonton, Canada. Ethical approval
as obtained from the Alberta Cancer Research Ethics Committee

nd the Health Research Ethics Board at the University of Alberta.
nformed consent was obtained from all participants. Eligibility
riteria were: (1) histologically confirmed stage I-IIIB non-small
ell lung cancer (NSCLC) and limited stage small-cell lung can-
er; (2) approval of treating physician; (3) not currently receiving
reatment and none planned within the next three months; (4)
18 years old; (5) Karnofsky Performance Status ≥50; and (6) life
xpectancy of at least six-months. Individuals were excluded if
hey demonstrated: (1) uncontrolled co-morbidities (e.g. uncon-
rolled type II diabetes, hypertension above 160/100); (2) evidence
r suspicion of bone metastasis; (3) any medical condition con-
raindicated for PRET (e.g. Marfan’s syndrome), or (4) did not speak
nglish.

.2. Design and recruitment

The study was a prospective single group feasibility study. Two
ethods were used to recruit participants. Lung cancer clinics were

creened weekly for potentially eligible participants. Additionally,
he provincial cancer registry identified potentially eligible lung
ancer survivors who were mailed a recruitment package. Inter-
sted participants who received the package were instructed to
ontact the project coordinator by mail (pre-paid envelope) or tele-
hone. Potential participants were then screened for eligibility and
cheduled for baseline testing.

.3. Exercise training intervention

The exercise training was designed as a 28 session intervention
o improve muscular strength. Prior to each training session par-
icipants had heart rate and blood pressure taken and performed

 five-minute warm up of low intensity aerobic activity. Exer-
ises performed were the leg press, chest press, seated row, leg
xtension, leg curl, shoulder press, lat pull down, and an abdom-
nal exercise. Resistive training of the chest wall muscle groups

as done with a PowerLung® training apparatus. Participants took
0–120 s of rest between exercises.

Stretches were performed on major muscle groups following
raining sessions.

The goal of the program was to complete exercise training three-
imes per week, on non-consecutive days, for 28 sessions over
pproximately 10-weeks. Participants were allowed to make up
essions with the goal of reaching 28 training sessions. Exercise
essions were supervised by a qualified exercise physiologist.

The exercise prescription was based upon the results of the
aseline strength testing. Training began at approximately 60% of
ne repetition-maximum (1RM) for leg press and chest press as
etermined at baseline testing. For all other exercises, 1RM was
stimated via a prediction equation [19] from an eight-to-ten RM
etermined prior to training. The goal of the training program was
o progress to 85% of 1RM by week nine. The program progressed
hrough three phases. In phase one, sessions one to nine, training
egan at a high volume and low intensity (i.e., 10 to 12 repeti-
ions for two to three sets). In phase two, sessions 10 to 16, the
Please cite this article in press as: Peddle-McIntyre CJ, et al. Feasibility and p
cancer  survivors. Lung Cancer (2011), doi:10.1016/j.lungcan.2011.05.026

olume decreased and the intensity increased by increasing the
eight lifted (i.e., repetition goal decreased to six to eight, for two

o three sets). In phase three, sessions 19 to 25, volume decreased
nd the intensity increased (i.e., repetition goal was  four to six, for
 PRESS
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two to four sets). Sessions 26 to 28 were a progressive taper prior
to follow-up testing.

Participants were progressed using a modified ‘two for two rule’
within a prescribed repetition goal, such that when participants
could perform two  or more repetitions over the assigned repetition
goal in the last set for consecutive workouts for a certain exercise,
then weight was increased by ∼10%. If for any reason the specified
training objective could not be reached, adjustments were made
and the participant was  asked to work to tolerance.

Participants performed chest wall training in a seated position
on a power lung trainer. These trainers allow for control of inspi-
ratory (resistance from one to six) and expiratory (resistance from
one to three) flow at the mouth. The flow characteristics of this
device have been previously investigated by Wells et al. [20]. The
initial load was  determined for each participant by the research
coordinator (CJPM). During sessions one through nine, participants
were asked to complete two sets of eight-to-twelve repetitions.
From session 10 and beyond, participants were asked to complete
three sets of eight-to-ten repetitions each training day for inspi-
ration and expiration separately. The intensity was increased, via
resistance settings, when participants were able to inhale or exhale
deeply and forcefully in less than three seconds per breath for the
majority of the repetitions in any one set for two  training sessions
in a row.

2.4. Feasibility outcomes

The primary feasibility outcomes included eligibility rate,
recruitment rate, measurement completion rate, loss-to-follow-up,
adherence, adverse events, and ratings of burden and acceptabil-
ity. Eligibility rate was  defined as the total number of survivors
screened, divided by the total number eligible. Nonresponse to the
registry mailout was considered ineligible. Recruitment rate was
defined as the number of survivors recruited from those eligible.
Measurement completion rate was defined as the number of par-
ticipants able to complete each outcome measure at baseline and
follow-up. Loss to follow-up was  defined as participants who were
withdrawn or dropped out.

Adherence to the exercise intervention was measured by the
number of sessions attended out of 28. Adherence to the PRET
prescription was  tracked by the number of exercises (out of a
possible 10) where participants met  the repetition goal, averaged
weekly. Ability to reach the intensity training goal was  defined as
the ability to reach 85% of baseline 1RM by week nine of training.
Adverse events during or following exercise testing and training
were tracked. Acceptability was  measured via a program satisfac-
tion survey completed post-training that assessed the burden of
testing, as well as how participants felt about participating in the
trial. These scales were scored from one (not at all) to seven (very
much).

2.5. Preliminary efficacy outcomes

Preliminary efficacy was assessed by objective outcomes of
muscular strength and endurance, physical functioning, and body
composition. Patient-reported outcomes included QoL, fatigue,
sleep quality, anxiety, depression, patient-reported functioning,
and dyspnea. All objective and patient-reported measures were
assessed at baseline and post-training.

Muscular strength was assessed by 1RM for upper body (chest
press) and lower body (leg press) according to American College
of Sports Medicine guidelines [21]. Absolute 1RM was  recorded
reliminary efficacy of progressive resistance exercise training in lung

as the maximum weight lifted one time for the chest press and
leg press. Absolute 1RM divided by body weight was recorded as
the relative 1RM [21]. Relative muscular endurance was  assessed
for upper body (chest press) and lower body (leg press) as num-

dx.doi.org/10.1016/j.lungcan.2011.05.026
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Fig. 1. Flow of parti

er of repetitions to exhaustion of 70% of 1RM at baseline [21].
aximum inspiratory pressure (PImax) and maximum expiratory

ressure (PEmax; cm/H2O) were measured on a Micro Medical res-
iratory pressure meter (Chatham, UK) as the pressure that could
e maintained during a three-second inspiratory/expiratory max-

mal effort from functional residual capacity/total lung capacity
espectively.

At baseline each participant was given instructions on resis-
ance training technique, safety and spotting as outlined by
hillips et al. [22]. Before training, each muscular performance
nd inspiratory/expiratory pressure tests were performed three
imes, with five to seven days rest in-between. Three test trials
ith adequate familiarization have been shown to be suffi-

ient for establishing a stable 1RM in older adults [22]. At
ollow-up a minimum of two tests were performed, with five
o seven rest days in-between. The highest values obtained
rom these testing sessions for each variable was used in data
Please cite this article in press as: Peddle-McIntyre CJ, et al. Feasibility and p
cancer  survivors. Lung Cancer (2011), doi:10.1016/j.lungcan.2011.05.026

nalysis.
Objective physical functioning was assessed by the eight-foot

et-up-and-go (time in seconds to get out of chair, walk eight-feet,
ound a pylon, and return to seated in chair), the sit-to-stand test
ts through the trial.

(number of unassisted chair stands performed in 30 s), arm curl
(number of arm curls performed with standard weight in 30 s; five
lbs for women, eight lbs for men) [23], six-minute walk test (dis-
tance covered in meters in six-minutes on a 50 m straight course)
[24]. The six-minute walk test was  performed twice at baseline
and post-testing in accordance with the American Thoracic Society
guidelines [25]. Age and sex predicted six-minute walk distance
(6MWD) was calculated according to Gibbons et al. [26]. To assess
body composition, DXA was performed (General Electric LUNAR
Prodigy High Speed Digital Fan Beam X-Ray-Based Bone Densito-
meter) [27].

The Short-form-36 (SF-36) was used to assess generic QoL
[28,29]. The Functional Assessment of Cancer Therapy – Lung
(FACT-L) scale was used to assess disease specific QoL [30]. FACT-
Fatigue was  used to assess fatigue [31]. Items from the Pittsburgh
Sleep Quality Index (PSQI) were used to measure sleep quality [32].
Anxiety was assessed by the 10-item Spielberger State Anxiety
reliminary efficacy of progressive resistance exercise training in lung

Scale [33]. Depression was assessed by the Center for Epidemio-
logic Studies Short Depression (CES-D 10) Scale [34]. Dyspnea was
assessed using the Oxygen Cost Diagram and the Medical Research
Council Dysponea Scale [35]. The Late Life – Function Disability

dx.doi.org/10.1016/j.lungcan.2011.05.026


ARTICLE ING Model

LUNG-3866; No. of Pages 7

4 C.J. Peddle-McIntyre et al. / Lung 

Table 1
Baseline demographic, medical, and behavioral profile of lung cancer survivors
undergoing resistance training in Edmonton, Alberta, Canada, 2009–2010 (n = 17).

Variable No. %

Age, mean (range), y 66.7 (50–85)
Sex, female 10 58.8
BMI, mean ± SD, kg/m2 25.1 ± 3.5
No.  of medications, mean ± SD 2.1 ± 1.3
No. of comorbidities, mean ± SD 2.5 ± 1.2
Self-rated heath, mean ± SD 2.8 ± 0.6
MRCD score, mean ± SD 1.8 ± 0.8
FEV1 predicted (%), mean ± SD, L 77.4 ± 16.3
FEV1/FVC predicted (%), mean ± SD 84.9 ± 12.4
6MWD,  mean ± SD, m,  predicted (%) 445 ± 70.63%
PGSGA, well-nourished 14 82.4
Post-secondary education 10 58.8
Married 13 76.5
Employed full time 4 23.5
Ethnicity, Caucasian 14 82.4
Previous cancer (>five y ago) 6 35.3
Behavioral profile

Current smoker 2 11.8
Current drinkera 1 5.9
Current exerciserb 3 17.6

Time since diagnosis, mean (range), y 3.5 (0.3–6)
Diagnosis NSCLC 16 94.1

LS SCLC 1 5.9
Stage of disease I/II 11 64.7

III 5 29.4
Surgery 14 82.4
Extent of resection

Lobectomy 12 70.6
Pneumonectomy 2 11.8

Treatment
Adjuvant chemotherapy 5 29.4
Chemo/RT 1 5.9
Chemo alone 1 5.9
RT  alone (palliative) 1 5.9
RT  alone (radical) 2 11.8

Treatment intent curative 13 76.5

NSCLC, non-small cell lung cancer; LS SCC, Limited stage small cell lung cancer; FEV1,
forced expiratory volume in 1-second; FVC, forced vital capacity; PGSGA, Patient-
Generated Subjective Global Assessment; MRCD, Medical Research Council Dyspnea
S
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cale; 6MWD, six-minute walk distance RT, radiation therapy.
a Regular drinker, drinks every day.
b Current exerciser, ≥150 min  of moderate strenuous exercise per week.

ndex (LL-FI) was  used to assess patient-reported physical func-
ioning [36].

.6. Analyses

Based on previous studies and expert opinion the goal was to
ecruit 30 participants in this feasibility trial over a one year period.
ll analyses were conducted using PASW Statistics 18 (IBM Inc.,
omers, NY). Normality was assessed using Kolmogorov–Smirnov
tatistic. Paired t-tests were used to assess changes in objective and
atient-reported outcomes. All tests were two-tailed with signif-

cance set at  ̨ = .05. Given that this was a feasibility study with a
mall sample size we did not adjust for multiple testing and the
fficacy results were interpreted for both statistical and clinical
ignificance.

. Results

Participant flow through the trial is outlined in Fig. 1. The
emographic, medical, and behavioral profile of the participants

s reported in Table 1. Participants had a mean age of 67, the major-
Please cite this article in press as: Peddle-McIntyre CJ, et al. Feasibility and p
cancer  survivors. Lung Cancer (2011), doi:10.1016/j.lungcan.2011.05.026

ty were early stage (64.6%) NSCLC survivors (94.1%), had received
urgery (82.4%), and were on average three and a half years post-
iagnosis. Participants had a mean 6MWD  of 445 ± 70, equivalent
o 63% of age and sex predicted.
 PRESS
Cancer xxx (2011) xxx– xxx

3.1. Feasibility outcomes

Between August 2009 and August 2010, 389 survivors were
assessed for eligibility, 40 (10%) were eligible, and 17 (43%) were
recruited. Measurement completion rates were between 82% and
94% for all measures. Two  participants were lost-to-follow-up
(12%). One participant dropped out after seven-weeks for personal
reasons, in this case we carried forward the mid-point test results
for muscular strength.

The mean and median adherence rate for all 17 participants was
87% and 96% respectively (range 25–100%), with 76% of participants
achieving greater than 80% adherence. The mean time to complete
the training program was  12.4 weeks (SD = 3.9). For weeks one to
ten, the average number of exercises performed where participants
met  the repetition goal was 8.8 (SD = 0.9) out of ten. On average,
an intensity of at least 85% of baseline 1RM was  achieved for all
exercises by week nine. Specifically, as a percent of baseline 1RM,
participants were lifting 94–129% by week nine. Five participants
did not reach the 85% of baseline 1RM goal for chest press. The goal
was reached for all participants on all other exercises. The aver-
age testing burden scores were low (i.e., below two for all tests).
Post-training the mean scores for acceptability were high; above six
for positively worded phrases (e.g. something I would recommend
to other lung cancer patients), and below one for the negatively
worded phrase (i.e., waste of my  time).

There were three adverse events during the trial: (1) a partic-
ipant experienced an exacerbation of shoulder arthritis and was
unable to continue with the chest press and shoulder press exer-
cises but completed a modified training program, (2) a participant
experienced lower back pain the day after session 13, and (3) a
participant experienced shoulder pain following post-testing. All
adverse events were successfully resolved.

3.2. Preliminary efficacy outcomes

Objective measures of preliminary efficacy are presented in
Table 2. Muscular strength significantly improved by 32 kg (52%)
and 15 kg (42%) for the leg press and chest press, respectively. Rel-
ative muscular endurance improved significantly for both chest
press (150%; p = .001) and leg press (173%, p < .001). Peak inspiratory
pressure increased significantly (p < .001), while improvements in
expiratory pressure reached borderline significance (p = .082). For
objective physical functioning, there were significant improve-
ments in 6MWD  (p < .001), number of chairs stands (p < .001),
number of arm curls (p < .001), and up-and-go time (p = 0.015).
There were no significant changes in body composition.

Patient-reported outcomes are presented in Table 3. There were
borderline significant improvements in role-physical (p = .072),
bodily pain (p = .101) and physical health component score
(p = .092). No other patient-reported outcomes approached statis-
tical significance but most changed in a favorable direction.

4. Discussion

To our knowledge, this is the first study to pilot PRET with a
sample of lung cancer survivors. The eligibility rate in our study
was low at 10%. In exercise training studies in post-treatment can-
cer survivors, reported eligibility rates are between 27 and 34%
[37–39]. The main reasons for ineligibility in our study were med-
ical contraindications and living outside the intervention area. Our
reliminary efficacy of progressive resistance exercise training in lung

recruitment rate of 42.5% however is similar to that of previous
supervised exercise interventions in post-treatment lung cancer
survivors and other cancer survivor groups [4,37–39]. There is a
subset of this population who is interested in an exercise program.

dx.doi.org/10.1016/j.lungcan.2011.05.026
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Table  2
Effects of resistance exercise training on health-related fitness outcomes in lung cancer survivors in Edmonton, Alberta, Canada, 2009–2010.

Measure Baseline Post-training Mean change
Mean ± SD Mean ± SD M [95% CI]; p

Muscular strength, 1RM, kg
Chest press (n = 15) 36.3 ± 14.7 51.1 ± 16.2 14.9 [12.3 to 17.5]; p < .001
Leg  press (n = 16) 62.9 ± 27.6 94.6 ± 35.3 31.7 [23.5 to 39.8]; p < .001

Relative muscular strength
Chest press (n = 15) 0.53 ± 0.19 0.74 ± 0.21 0.22 [.18 to 0.25]; p < .001
Leg  press (n = 16) 0.89 ± 0.31 1.35 ± 0.40 0.46 [.34 to 0.57]; p < .001

Muscular endurance (repetitions)
Chest press

70% of baseline 1RM (n = 14) 10.1 ± 3.2 25.2 ± 13.4 15.2 [7.5 to 23.0]; p = .001
Leg  press

70% of baseline 1RM (n = 15) 23.4 ± 10.6 64.0 ± 37.1 40.6 [23.1 to 58.1]; p < .001
Peak  pressures (cm/water)

Inspiratory (n = 15) 82.9 ± 23.2 95.3 ± 27.1 12.4 [7.1 to 17.7]; p < .001
Expiratory (n = 15) 109.2 ± 33.3 120.5 ± 40.5 11.3 [−1.6 to 24.3]; p = .082

Functional performance measure (n = 15)
6MWD,  m 452 ± 65 538 ± 118 86 [48 to 124]; p < .001
No.  chair stands in 30 s 11.2 ± 3.1 15.4 ± 3.8 4.2 [2.3 to 6.1]; p < .001
No.  arm curls in 30 s (R) 14.6 ± 3.1 18.2 ± 3.2 3.6 [2.1 to 5.1]; p < .001
Get-up-and-go, time, s 6.3 ± 1.6 5.5 ± 1.1 −0.8 [−1.4 to −0.2]; p = .015

DXA  body composition scan (n = 14)
Lean mass, kg

Total body 43.0 ± 9.7 43.1 ± 9.2 0.1 [−0.4 to 0.6]; p = .678
Upper limb 4.4 ± 1.8 4.8 ± 1.3 0.4 [−0.3 to 1.1]; p = .206
Lower  limb 13.9 ± 3.3 14.0 ± 3.3 0.1 [−0.1 to 0.3]; p = .188
Trunk  21.2 ± 47.4 21.1 ± 43.4 −0.2 [−0.5 to 0.2]; p = .419
ALM 18.2 ± 4.8 18.8 ± 4.5 0.5 [−0.2 to 1.3]; p = .134

Fat  mass, kg
Upper limb 2.2 ± 0.97 2.1 ± 0.96 −0.02 [−0.1 to 0.07]; p = .670
Lower  limb 6.97 ± 2.7 6.95 ± 2.7 −0.03 [−0.2 to 0.2]; p = .786
Trunk  12.7 ± 4.9 12.9 ± 5.21 0.3 [−0.2 to 0.7]; p = .243
Body  fat (%) 34.1 ± 9.1 34.1 ± 9.1 0.04 [−0.7 to 0.8]; p = .921

Whole  weight, kg 69.0 ± 13.1 69.3 ± 13.1 0.3 [−0.3 to 0.9]; p = .355
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elative muscular strength = 1RM (kg)/body weight (kg); 6MWD,  six-minute-walk-dista
ean  mass.

able 3
ffects of progressive resistance exercise training on patient-reported outcomes in lung c

Measure (n = 15) Baseline 

Mean ± SD 

QoL, SF-36 (norm based scoring)
Physical functioning 48.7 ± 6.4 

Role-physical 47.7 ± 8.1 

Bodily  pain 51.4 ± 8.0 

General health 51.0 ± 8.1 

Vitality 55.2 ± 7.6 

Social functioning 45.2 ± 4.0 

Role-emotional 41.7 ± 7.5 

Mental health 53.7 ± 9.3 

Physical health component 50.3 ± 7.9 

Mental health component 48.5 ± 8.1 

QoL,  FACT
FACT-G 94.9 ± 12.6 

FACT-L 123.7 ± 15.1 

TOI-L  78.6 ± 8.4 

Fatigue 45.6 ± 5.2 

Late  life function index (0–100)
Advanced lower extremity 70.5 ± 22.2 

Basic  lower extremity 95.9 ± 8.1 

Upper extremity 91.5 ± 11.4 

Total  86.2 ± 12.4 

Depression (CES-D) 3.8 ± 4.2 

Anxiety (SSAS) 15.1 ± 3.0 

Dyspnea
Oxygen cost (0–100) 78.0 ± 12.9 

Medical Research Council dyspnea scale (1–5) 1.6 ± 0.6 

Sleep  quality
How long to fall asleep each night, min  12.5 ± 11.5 

Hours of actual sleep, h 7.2 ± 2.0 

Overall sleep quality (1 very good to 4 very bad) 1.5 ± 0.5 

ES-D 10, Center for Epidemiologic Studies Short Depression Scale; SSAS, Spielberger Sta
reliminary efficacy of progressive resistance exercise training in lung

nce; (R), right hand; DXA, dual-energy X-ray absorptiometry; ALM, appendicular

ancer survivors in Edmonton, Alberta, Canada, 2009–2010.

Post-training Mean change
Mean ± SD M [95% CI]; p

50.4 ± 7.2 1.7 [−1.4 to 4.7]; p = .258
51.1 ± 7.4 3.4 [−0.4 to 7.2]; p = .072
54.3 ± 7.8 2.9 [−0.1 to 6.4]; p = .101
52.7 ± 8.8 1.7 [−1.1 to 4.6]; p = .204
52.9 ± 8.9 −2.3 [−7.3 to 2.7]; p = .347
45.7 ± 4.0 0.5 [−1.0 to 2.0]; p = .502
43.2 ± 6.3 1.6 [−0.8 to 3.9]; p = .168
53.6 ± 11.5 −0.1 [−7.7 to 7.5]; p = .972
53.2 ± 8.1 2.9 [−0.5 to 6.4]; p = .092
47.6 ± 9.3 −0.9 [−5.4 to 3.6]; p = .675

96.4 ± 12.7 1.5 [−0.9 to 3.8]; p = .196
124.7 ± 15.5 1.0 [−2.2 to 4.3]; p = .507

79.2 ± 9.2 0.6 [−2.4 to 3.7]; p = .658
46.1 ± 7.0 0.5 [−3.5 to 2.5]; p = .715

73.3 ± 24.3 2.8 [−4.4 to 9.9]; p = .422
97.6 ± 2.8 1.7 [−2.1 to 5.5]; p = .356
93.1 ± 8.0 1.6 [−2.3 to 5.5]; p = .400
88.3 ± 10.7 2.0 [−2.6 to 6.7]; p = .366

4.4 ± 5.6 0.7 [−1.8 to 3.1]; p = .573
14.5 ± 3.0 −0.5 [−2.5 to 1.5]; p = .715

80.1 ± 14.4 2.7 [−5.8 to 11.1]; p = .508
1.4 ± 0.8 −0.2 [−0.6 to 0.2]; p = .334

12.6 ± 14.8 0.0 [−2.6 to 2.7]; p = 1.00
7.3 ± 1.2 0.1 [−0.8 to 0.9]; p = .906
1.5 ± 0.5 0.0 [−0.3 to 0.3]; p = 1.00

te Anxiety Scale.
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 ING Model

L

6  Lung 

g
d
p
m
t
r
f
h

p
e
e
a
e

b
T
t
w
w
l

i
e
5
w
t
a
u
a
1
c
T
r
t
d

t
g
n
h
e
s
8
i
o
i
R
t
p
s
i
t

s
u
p
a
h
a
t
s
r
w
t

ARTICLEUNG-3866; No. of Pages 7

C.J. Peddle-McIntyre et al. /

Measurement completion rate for this intervention was very
ood. This, coupled with the low participant ratings of testing bur-
en indicates the feasibility of maximal testing in this survivor
opulation. Our 12% loss to follow-up compares favourably with a
ean attrition of 21% reported in a systematic review for resistance

raining interventions in patients with COPD [40]. The adherence
ate to the exercise intervention was very high, and compares
avourably to other cancer survivor groups [4,15,39,41]. This may
ave resulted from the flexibility to make up missed sessions.

Throughout the trial there were three adverse events but all
articipants were able to continue training, and at post-testing
xhibited improvements in strength and function. This result
mphasizes the need for multidisciplinary teams to adequately
ddress underlying conditions that may  require attention during
xercise training for this population.

Study participants demonstrated poor functional capacity at
aseline, with an average of only 63% age and sex predicted 6MWD.
he deconditioned nature of these survivors is also highlighted by
he poor baseline muscular strength of participants, particularly
hen adjusted for body weight (i.e., relative 1RM). When men  and
omen were considered separately, the average relative 1RM for

eg press ranked in <10th percentile for the 60+ age categories [42].
This relatively short-term PRET program resulted in significant

mprovements in muscular strength and endurance. Participants
xhibited an impressive increase in muscular strength of 42% and
1% for upper and lower body muscular strength, respectively
hich compares favourably to PRET training results in other post-

reatment cancer survivor populations [15,39]. Participants were
lso successful in improving strength of the chest wall muscles
sing a novel training approach in this population. Additionally, rel-
tive muscular endurance for the upper and lower body improved
50% and 180% respectively which should enable participants to
omplete more demanding physical tasks for longer periods of time.
hese changes in muscular strength were likely attributable to neu-
omuscular adaptations that occur in the early stages of resistance
raining (e.g. increased in motor unit recruitment and firing rate,
ecreased antagonist muscle activation).

The six-minute walk test has been examined as a prognos-
ic measure in chronic disease and disability. An initial 6MWD  of
reater than 400 m has been identified as a potentially useful prog-
ostic marker in advanced NSCLC [43]. The inability to walk 400 m
as also been associated with a higher risk of cardiovascular dis-
ase, mobility limitations, and mortality [44]. We  demonstrated a
tatistically and clinically meaningful improvement in 6MWD  of
6 m which is likely important for preserving function and delay-

ng onset of mobility limitations. Several additional measures of
bjective physical functioning improved significantly following the
ntervention, namely chair stands, up-and-go time, and arm curls.
esistance training in patients with COPD has also been shown
o elicit significant improvements in these objective measures of
hysical functioning training [40]. Improvements in these mea-
ures of functional ability indicate that the training program could
ncrease participant competence in performing everyday physical
asks.

Body composition measures did not significantly change in our
tudy. This result corresponds to findings from other cancer pop-
lations following resistance training [15]. Changes in hormonal
rofile and muscle physiology, as well as increased inflammation
ssociated with the aging process has been shown to attenuate
ypertrophy response to resistance training [45–48].  In this study,
ge could have moderated the hypertrophy response to resis-
ance training; however, our sample was too small to perform any
Please cite this article in press as: Peddle-McIntyre CJ, et al. Feasibility and p
cancer  survivors. Lung Cancer (2011), doi:10.1016/j.lungcan.2011.05.026

ubgroup analysis. Future research should consider employing a
andomized controlled design to investigate a longer intervention
ith modifications to target body composition (i.e., diet interven-

ion). Additionally, alternative measures, such as muscle biopsy
 PRESS
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could be useful for assessing other important changes such as mus-
cle fiber type composition, or cross sectional area.

This study was underpowered to detect changes in patient-
reported outcomes such as QoL. However, it remains important to
pilot test these measures to assess their potential utility. Follow-
ing the PRET intervention, there were no statistically significant
changes in QoL. Previous research suggests that QoL changes fol-
lowing PRET are typically modest in cancer survivors and patients
with COPD [40,49]. The underpowered sample size and lack of
control group make interpretation of these results tenuous; how-
ever, there could be several explanations for the lack of response
observed here. In a recent systematic review, Granger and Denehy
found that exercise interventions for NSCLC patients in the post-
treatment setting had mixed results regarding the impact of the
intervention on QoL [50]. One reason proposed for the lack of
response of QoL following an exercise intervention was a ceiling
effect. Participants in this study had mean score of 27 on the lung
cancer subscale score at baseline, which is above the cut point of 24
which indicates clinical symptoms [51,52]. This indicates that indi-
viduals taking part in this study had relatively high QoL at baseline,
likely resulting from a bias of enrolling participants with good per-
formance status. However, this limits the ability to detect improve-
ments in these parameters [50,53]. Additionally, there is recent
evidence that QoL and self-reported function decline over time
for older overweight cancer survivors, and sedentary older women
[54,55]. In the current study the physical health component score
of the SF-36 improved by three points, which is considered a mean-
ingful, although not statistically significant, difference [56]. Preser-
vation or small improvements in QoL and other patient-rated out-
comes could be important. Ultimately, future adequately powered
research with appropriate comparison groups is required to better
understand the QoL response to exercise in lung cancer survivors.

There are several important strengths and limitations to this
study. Firstly, this is an understudied patient population and an
intervention that has not, to date, been tested exclusively in this
population. Secondly, we  used a comprehensive set of valid and
reliable measures to examine feasibility and preliminary efficacy in
this population. Our main limitations were the small sample size
and the uncontrolled trial design. Single-group trials are subject to
biased interpretation of results, and can overestimates treatment
effects [57]. Additional limitations include limited power to detect
differences in all outcomes, 47 statistical tests that increase the
probability of chance findings, a heterogeneous survivor population
and a relatively short-term intervention with limited follow-up.

5. Conclusion

In conclusion, PRET appears to be a feasible intervention with
potential for health benefits in a small portion of lung cancer sur-
vivors. Therefore, additional feasibility research is warranted to
focus on improving eligibility rates by testing less intense or med-
ically supervised exercise, or offering home-based programs to
facilitate training for those unable to access supervised centres.

Conflict of interest statement

None declared.

Acknowledgements

The authors gratefully acknowledge Mrs. Janel Park, B.S. for her
assistance in data collection. Carolyn Peddle-McIntyre was  sup-
reliminary efficacy of progressive resistance exercise training in lung

ported by a Research Studentship from the Canadian Cancer Society
Research Institute. Kerry Courneya is supported by the Canada
Research Chairs Program.

This research had no funding sources to disclose.

dx.doi.org/10.1016/j.lungcan.2011.05.026


 ING Model

L

 Lung 

R

[

[

[

[

[

[

[

[

[

[
[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

ARTICLEUNG-3866; No. of Pages 7

C.J. Peddle-McIntyre et al. /

eferences

[1] Jemal A, Siegel R, Xu J, Ward E. Cancer statistics, 2010. CA Cancer J Clin
2010;60:277–300.

[2] American Cancer Society. Cancer facts & figures 2010. Atlanta: American Cancer
Society; 2010.

[3] NCCS (National Coalition for Cancer Survivorship). Imperatives for Quality Can-
cer Care: Access, Advocacy, Action, and Accountability. Clark EJ, Stovall EL,
Leigh S, Siu AL, Austin DK, Rowland JH. Silver Spring, MD:  National Coalition
for Cancer Survivorship. 1996.

[4] Jones LW,  Eves N, Peterson B, Garst J, Crawford J, West M,  et al. Safety and
feasibility of aerobic training on cardiopulmonary function and quality of
life in postsurgical non-small cell lung cancer patients: a pilot study. Cancer
2008;113:3430–9.

[5] Jones LW,  Eves ND, Mackey JR, Peddle CJ, Haykowsky M,  Joy AA, et al. Safety
and feasibility of cardiopulmonary exercise testing in patients with advanced
cancer. Lung Cancer 2007;55:225–32.

[6] Balduyck B, Hendriks J, Lauwers P, Van Schil P. Quality of life evolution
after lung cancer surgery: a prospective study in 100 patients. Lung Cancer
2007;56:423–31.

[7] Brunelli A, Socci L, Refai M,  Salati M,  Xiume F, Sabbatini A. Quality of life before
and after major lung resection for lung cancer: a prospective follow-up analysis.
Ann Thorac Surg 2007;84:410–6.

[8] Melstrom LG, Melstrom Jr KA, Ding XZ, Adrian TE. Mechanisms of skeletal
muscle degradation and its therapy in cancer cachexia. Histol Histopathol
2007;22:805–14.

[9]  Travers J, Dudgeon DJ, Amjadi K, McBride I, Dillon K, Laveneziana P, et al.
Mechanisms of exertional dyspnea in patients with cancer. J Appl Physiol
2008;104:57–66.

10] Cesario A, Ferri L, Galetta D, Pasqua F, Bonassi S, Clini E, et al. Post-operative
respiratory rehabilitation after lung resection for non-small cell lung cancer.
Lung Cancer 2007;57:175–80.

11] Spruit MA,  Janssen PP, Willemsen SC, Hochstenbag MM,  Wouters EF. Exercise
capacity before and after an 8-week multidisciplinary inpatient rehabilitation
program in lung cancer patients: a pilot study. Lung Cancer 2006;52:257–60.

12] Arbane G, Tropman D, Jackson D, Garrod R. Evaluation of an early exercise inter-
vention after thoracotomy for non-small cell lung cancer (NSCLC), effects on
quality of life, muscle strength and exercise tolerance: randomised controlled
trial. Lung Cancer 2010.

13] Liu CJ, Latham N. Can progressive resistance strength training reduce physical
disability in older adults? A meta-analysis study. Disabil Rehabil 2010.

14] Courneya KS, Segal RJ, Mackey JR, Gelmon K, Reid RD, Friedenreich CM,  et al.
Effects of aerobic and resistance exercise in breast cancer patients receiving
adjuvant chemotherapy: a multicenter randomized controlled trial. J Clin Oncol
2007;25:4396–404.

15] De Backer IC, Schep G, Backx FJ, Vreugdenhil G, Kuipers H. Resistance training
in  cancer survivors: a systematic review. Int J Sports Med  2009;30:703–12.

16] Galvao DA, Taaffe DR, Spry N, Joseph D, Newton RU. Combined resistance and
aerobic exercise program reverses muscle loss in men undergoing androgen
suppression therapy for prostate cancer without bone metastases: a random-
ized controlled trial. J Clin Oncol 2010;28:340–7.

17] Jones LW,  Eves ND, Waner E, Joy AA. Exercise therapy across the lung cancer
continuum. Curr Oncol Rep 2009;11:255–62.

18] Bowen DJ, Kreuter M,  Spring B, Cofta-Woerpel L, Linnan L, Weiner D, et al. How
we  design feasibility studies. Am J Prev Med  2009;36:452–7.

19] Landers J. Maximums based on reps. NSCA Journal 1985;6:60–1.
20] Wells GD, Plyley M,  Thomas S, Goodman L, Duffin J. Effects of concurrent inspi-

ratory and expiratory muscle training on respiratory and exercise performance
in competitive swimmers. Eur J Appl Physiol 2005;94:527–40.

21] Whaley MH.  ACSM’s guidelines for exercise testing and prescription. 7th ed.
Lippincott Williams & Wilkins: Philadelphia; 2006.

22] Phillips WT,  Batterham AM,  Valenzuela JE, Burkett LN. Reliability of maximal
strength testing in older adults. Arch Phys Med  Rehabil 2004;85:329–34.

23] Rikli RE, Jones CJ. Development and validation of a functional fitness test for
community-residing older adults. J Aging Phys Activ 1999;7:129–61.

24] Jones CJ, Rikli RE. Measuring functional fitness of older adults. J Active Aging
2002 [March–April].

25] ATS statement: guidelines for the six-minute walk test. Am J Respir Crit Care
Med  2002;166:111–7.

26] Gibbons WJ,  Fruchter N, Sloan S, Levy RD. Reference values for a multiple rep-
etition 6-minute walk test in healthy adults older than 20 years. J Cardiopulm
Rehabil 2001;21:87–93.

27] ATS Committee on Proficiency Standards for Clinical Pulmonary Function Lab-
oratories. Human Nutrition Research Unit. Edmonton: University of Alberta;
2007.

28] http://www.ales.ualberta.ca/afns/Research/HumanNutritionResearchUnit/
DualEnergyXRayAbsorptiometryDX.aspx.

29] Lyons RA, Perry HM,  Littlepage BN. Evidence for the validity of the Short-form
36  Questionnaire (SF-36) in an elderly population. Age Ageing 1994;23:182–4.
Please cite this article in press as: Peddle-McIntyre CJ, et al. Feasibility and p
cancer  survivors. Lung Cancer (2011), doi:10.1016/j.lungcan.2011.05.026

30] Cella DF, Bonomi AE, Lloyd SR, Tulsky DS, Kaplan E, Bonomi P. Reliability and
validity of the Functional Assessment of Cancer Therapy – Lung (FACT-L) quality
of  life instrument. Lung Cancer 1995;12:199–220.

31] Cella D, Eton DT, Lai JS, Peterman AH, Merkel D. Combining anchor and
distribution-based methods to derive minimal clinically important differences

[

[

 PRESS
Cancer xxx (2011) xxx– xxx 7

on the Functional Assessment of Cancer Therapy (FACT) anemia and fatigue
scales. J Pain Symptom Manage 2002;24:547–61.

32] Beck SL, Schwartz AL, Towsley G, Dudley W,  Barsevick A. Psychometric evalu-
ation of the Pittsburgh Sleep Quality Index in cancer patients. J Pain Symptom
Manage 2004;27:140–8.

33] Marteau TM,  Bekker H. The development of a six-item short-form of the state
scale of the Spielberger State-Trait Anxiety Inventory (STAI). Br J Clin Psychol
1992;31(Pt 3):301–6.

34] Radloff L. The CES-D Scale. Applied Psychological Measurement
1977;1:385–401.

35] Mancini I, Body JJ. Assessment of dyspnea in advanced cancer patients. Support
Care Cancer 1999;7:229–32.

36] Sayers SP, Jette AM,  Haley SM,  Heeren TC, Guralnik JM,  Fielding RA. Vali-
dation of the late-life function and disability instrument. J Am Geriatr Soc
2004;52:1554–9.

37] Courneya KS, Mackey JR, Bell GJ, Jones LW,  Field CJ, Fairey AS. Randomized
controlled trial of exercise training in postmenopausal breast cancer sur-
vivors: cardiopulmonary and quality of life outcomes. J Clin Oncol 2003;21:
1660–8.

38] Courneya KS, Sellar CM,  Stevinson C, McNeely ML,  Peddle CJ, Friedenreich
CM,  et al. Randomized controlled trial of the effects of aerobic exercise on
physical functioning and quality of life in lymphoma patients. J Clin Oncol
2009;27:4605–12.

39]  McNeely ML,  Parliament MB,  Seikaly H, Jha N, Magee DJ, Haykowsky MJ,
et  al. Effect of exercise on upper extremity pain and dysfunction in head
and  neck cancer survivors: a randomized controlled trial. Cancer 2008;113:
214–22.

40] O’Shea SD, Taylor NF, Paratz JD. Progressive resistance exercise improves mus-
cle  strength and may improve elements of performance of daily activities for
people with COPD: a systematic review. Chest 2009;136:1269–83.

41] Jones LW,  Peddle CJ, Eves ND, Haykowsky MJ,  Courneya KS, Mackey JR,
et  al. Effects of presurgical exercise training on cardiorespiratory fitness
among patients undergoing thoracic surgery for malignant lung lesions. Cancer
2007;110:590–8.

42] Heyward VH. Table 6.5. Age-gender norms for 1-RM leg press (1-RM/BM). In:
Advanced fitness assessment and exercise prescription. Champaign, IL: Human
Kinetics; 2010.

43] Kasymjanova G, Correa JA, Kreisman H, Dajczman E, Pepe C, Dobson S, et al.
Prognostic value of the six-minute walk in advanced non-small cell lung cancer.
J  Thorac Oncol 2009;4:602–7.

44] Newman AB, Simonsick EM,  Naydeck BL, Boudreau RM,  Kritchevsky SB,
Nevitt MC,  et al. Association of long-distance corridor walk performance with
mortality, cardiovascular disease, mobility limitation, and disability. JAMA
2006;295:2018–26.

45] Degens H. Age-related skeletal muscle dysfunction: causes and mechanisms. J
Musculoskelet Neuronal Interact 2007;7:246–52.

46] Degens H. The role of systemic inflammation in age-related muscle weakness
and wasting. Scand J Med  Sci Sports 2010;20:28–38.

47] Degens H, Alway SE. Skeletal muscle function and hypertrophy are diminished
in old age. Muscle Nerve 2003;27:339–47.

48] Martel GF, Roth SM,  Ivey FM,  Lemmer JT, Tracy BL, Hurlbut DE, et al. Age and sex
affect human muscle fibre adaptations to heavy-resistance strength training.
Exp Physiol 2006;91:457–64.

49] Cramp F, James A, Lambert J. The effects of resistance training on quality of
life in cancer: a systematic literature review and meta-analysis. Support Care
Cancer 2010;18:1367–76.

50] Granger C, Denehy L. Exercise interventions following surgery for non-small
cell  lung cancer (NSCLC): the need for future randomised controlled trials. Lung
Cancer 2010;70:228–9.

51] Kris MG,  Natale RB, Herbst RS, Lynch Jr TJ, Prager D, Belani CP, Schiller JH,  Kelly K,
Spiridonidis H, Sandler A, Albain KS, Cella D, Wolf MK,  Averbuch SD, Ochs JJ, Kay
AC.  Efficacy of gefitinib, an inhibitor of the epidermal growth factor receptor
tyrosine kinase, in symptomatic patients with non-small cell lung cancer: a
randomized trial. JAMA 2003;290:2149–58.

52] Cella D, Herbst RS, Lynch TJ, Prager D, Belani CP, Schiller JH, Heyes A, Ochs
JS, Wolf MK,  Kay AC, Kris MG,  Natale RB. Clinically meaningful improve-
ment in symptoms and quality of life for patients with non-small-cell lung
cancer receiving gefitinib in a randomized controlled trial. J Clin Oncol
2005;23:2946–54.

53] Webster K, Cella D, Yost K. The Functional Assessment of Chronic Illness Ther-
apy  (FACIT) Measurement System: properties, applications, and interpretation.
Health Qual Life Outcomes 2003;1:79.

54] Courneya KS, Tamburrini AL, Woolcott CG, McNeely ML,  Karvinen KH, Campbell
KL,  McTiernan A, Friedenreich CM.  The Alberta Physical Activity and Breast
Cancer Prevention Trial: Quality of Life Outcomes. Prev Med  2010.

55]  Morey MC,  Snyder DC, Sloane R, Cohen HJ, Peterson B, Hartman TJ, Miller P,
Mitchell DC, Demark-Wahnefried W.  Effects of home-based diet and exercise
on  functional outcomes among older, overweight long-term cancer survivors:
RENEW: a randomized controlled trial. Jama 2009;301:1883–91.
reliminary efficacy of progressive resistance exercise training in lung

56] Ware Jr JE, Kosinski M, Bjorner JB, Turner-Bowker DM,  Gandek B, Maruish ME.
Unser’s manual for the SF-36v2 health survey. 2nd ed. Lincoln, RI: QualityMetric
Incorporated; 2007.

57] Ligthelm RJ, Borzi V, Gumprecht J, Kawamori R, Wenying Y, Valensi P. Impor-
tance of observational studies in clinical practice. Clin Ther 2007;29:1284–92.

dx.doi.org/10.1016/j.lungcan.2011.05.026

	Feasibility and preliminary efficacy of progressive resistance exercise training in lung cancer survivors
	1 Introduction
	2 Materials and methods
	2.1 Setting and participants
	2.2 Design and recruitment
	2.3 Exercise training intervention
	2.4 Feasibility outcomes
	2.5 Preliminary efficacy outcomes
	2.6 Analyses

	3 Results
	3.1 Feasibility outcomes
	3.2 Preliminary efficacy outcomes

	4 Discussion
	5 Conclusion
	Conflict of interest statement
	Acknowledgements
	References


