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ABSTRACT

Aim: To examine the feasibility of an individual, supervised, structured moderate-to-high
intensity cycle ergometer exercise training immediately before radiotherapy in patients
undergoing concomitant chemoradiotherapy for locally advanced non-small cell lung can-
cer (NSCLC).

Background: Lung cancer is the most common form of cancer. Despite significant advance-
ments in therapy and supportive care it is still the leading cause of cancer-related death
worldwide.

Materials and methods: Randomized controlled study design; patients with NSCLC receiving
concomitant chemoradiotherapy were recruited and randomly assigned to either the exer-
cise (EXE) or the control (CON) group. Exercise training consisted of 20 min moderate-to-high
intensity aerobic interval training 5 times per week (Mon-Fri) prior to radiotherapy. Sec-
ondary outcomes were assessed at baseline and after 7 weeks: peak oxygen consumption
(VOgpeak), functional capacity (6MWD), pulmonary function (FEV1), psychosocial parame-
ters (quality of life (FACT-L), anxiety and depression (HADS)) and cancer-related side effects
(reported daily).

Results: Fifteen patients were included. All patients completed a baseline test, while 13
patients were eligible for a posttest. The recruiting rate was 44.1% and the overall atten-
dance rate to exercise was 90.0% with an adherence rate to full exercise participation of
88.1%. No adverse events or any unexpected reactions were observed during the exercise
sessions. No significant differences were observed within or between groups from baseline
to post intervention in any of the secondary outcomes.

Conclusion: This study demonstrated ‘proof of principle’ that daily moderate-to-high inten-
sity cycle ergometer exercise was feasible, safe and well tolerated among newly diagnosed
patients with locally advanced NSCLC undergoing concomitant chemoradiotherapy. Larger

randomized controlled trials are warranted.
© 2019 Published by Elsevier B.V. on behalf of Greater Poland Cancer Centre.
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1. Background

Lung cancer is the most common form of cancer and the lead-
ing cause of cancer-related mortality worldwide.'> Non-small
cell lung Cancer (NSCLC) represents approximately 80-85%
of all lung cancer cases and about 75% of these patients are
inoperable.”?® Patients with locally advanced NSCLC (stage
IIl) are treated with chemoradiotherapy (CRT) with a cura-
tive intent. Despite significant advancements in irradiation
techniques, many patients experience local or metastatic pro-
gression and the 5-year survival rate in the most promising of
studies does not exceed 40%.* On top of this, patients with
NSCLC are found to have a significant increase of treatment
related toxic side effects during CRT compared to chemother-
apy or radiotherapy alone.”

Exercise intervention studies have shown that physical
activity can safely improve physical and psychological condi-
tions as well as reduce cancer-related side effects in cancer
patients with NSCLC.>'! However, most of these studies
include patients with earlier stage of disease (NSCLC I-III)
with resectable lung cancer or patients only undergoing
chemotherapy. Inactivity is a significant issue in lung cancer
and development of new strategies to enhance physical activ-
ity in clinical practice is necessary. Radiotherapy is delivered
in daily fractions (5 fractions per week) for 6-7 weeks. Patients
report that “lack of time” and “medical appointments” is a bar-
rier to enhance physical activity during treatment.'? No study
has yet investigated the implementation of aerobic exercise
training prior to radiotherapy in patients with NSCLC receiving
concomitant chemoradiotherapy and it has been questioned
whether it was feasible.

Accordingly, we conducted a randomized, controlled feasi-
bility study. This study examined the feasibility of 20 min daily,
individual, supervised, structured moderate-to-high inten-
sity cycle ergometer exercise immediately before radiotherapy
in patients undergoing concomitant chemoradiotherapy for
locally advanced NSCLC.

2. Aim

The primary aim was to check feasibility and the secondary
aim was to examine the effect of intervention on cardiopul-
monary endpoints, quality of life (QoL), anxiety, depression
and cancer-related side effects.

3. Materials and methods

From March 2017 to January 2018 we enrolled patients with
locally advanced NSCLC referred to concomitant chemora-
diotherapy. The study design was a randomized controlled
feasibility study, randomizing to standard care or standard
care and exercise. Inclusion criteria were referral for con-
comitant chemoradiotherapy of 66 Gy in 33 fractions, age >18
years, WHO performance status 0-1 and signed informed con-
sent. Exclusion criteria were: patients with any symptoms
or circumstances that advise against physical activity; symp-
tomatic heart disease, e.g. arrhythmia or myocardial infarction
within the last three months; and patients who did not read or

speak Danish. Patients were randomized after baseline testing
ina1:1 manner to either the exercise group (EXE) or the control
group (CON). Randomization was stratified by gender in blocks
of eight and the randomization sequence was generated by
a computer program and put into sealed opaque envelopes
made by an outside party. The study was approved by the
Danish Data Protection Agency (Case no: 2012-58-0004) and
by the Regional Ethics Committee for the Capital Region (Case
no: H-16048479). The study is registered at clinicaltrails.gov
(NCT03066271) and all data is stored in research electronic
data capture (RedCap).

At baseline, information about demographic and health
history was recorded from the patient’s medical records and a
socioeconomic questionnaire. Information about depression
and anxiety (HADS), QoL (FACT-L) and activity level (IPAQ-L)
was collected by questionnaires. Baseline testing consisted of
measurements of aerobic capacity (VOzpeak), functional capac-
ity (6-min walk distance (6-MWD) test) and lung function
(FEV.). Before each physical testing, vital parameters were
measured and if one of the following criteria was met, the
patient was prohibited from testing that day. The criteria were
diastolic blood pressure <45 or >95, heart rate (HR) at rest
>115/min, temperature >38 °C, respiratory rate at rest >30/min,
infection requiring treatment.

3.1.  Intervention group — standard care and exercise

The exercise intervention was carried out as daily (Mon-Fri),
supervised, individual, structured exercise training, per-
formed on an ergometer cycle (Monark LC4) before the
patient’s radiotherapy fraction. The intervention period
equaled the patients’ individual number of radiotherapy ses-
sions over a 7-week period and the exercise training was
carried out just next to the accelerator. Each session lasted
20min and was supervised by an exercise physiologist or
a physiotherapist. The exercise training comprised a 5-min
warm-up phase followed by three 5-min exercise phases.
Warm-up consisted of light stationary cycling, individually
adjusted to 50-60% of the patient’s peak power output deter-
mined at the incremental cycle test (iPPO). The first and the
third exercise phase comprised of interval training consist-
ing of 5 x 30-s intervals at 80-95% of iPPO, with each interval
separated by a 30-s pause. The second exercise phase con-
sisted of continuous cycling at an intensity equaling 80% of the
patient’s iPPO. Over the 7 weeks, the intensities were increased
progressively from 50%, 80%, 70% and 80% of iPPO to 60%, 95%,
80% and 95% of iPPO according to the four phases. All patients
wore HR monitors during the exercise sessions. HR, Watt
(W) and revolutions per minute (RPM) were monitored using
Monark Test Software. At each session all patients rated their
motivation to exercise, perceived exertion following exer-
cise and dyspnea at a visual analogue scale (VAS). After the
exercise session patients rated their self-perceived exertion
perception (RPE) using the modified Borg scale. In addition,
the patients were equipped with a Garmin® vivosmart” HR
activity tracker every day, 24 h, during the course of radiother-
apy and were asked to rate their daily degree of side effects on
a record sheet handed out weekly.
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3.2. Control group — standard care

Patients who were randomized to CON received no exercise
training. The patients wore a Garmin” vivosmart® HR activity
tracker every day and rated their daily degree of side effects on
a record sheet handed out weekly as did the patients in EXE.
Data from the activity tracker and the filled-out record sheets
were collected every week to ensure participation in CON.

3.3.  Aerobic capacity

To determine VO,peq, an incremental stationary ergome-
ter cycle test was performed. All tests were performed on
a Monarch 839 E ergometer cycle and gas analyses were
performed by breath-by-breath system and calculated as an
average over 15s using the Oxygen Pro, Jaeger measure-
ment system. The test started with a 4-min warm-up with
a burden of 20-80 Watt (W), after which the workload was
increased with 5-15 W/min until volitional exhaustion or until
a symptom-limitation was achieved. During the test, HR (FT1
polar) was continuously monitored. After each test, maximal
HR, length of the test (minutes and seconds) was noted to cal-
culate iPPO. In the final seconds of the test, RPE was evaluated
using the modified Borg Scale. The testing protocol was con-
ducted in accordance with protocols from previous studies
and guidelines from the American Thoracic Society and the
American College of Chest Physicians.?>*

3.4. Physiological assessments

Functional capacity was measured by a 6-min walk distance
test and the test was performed according to the protocol
of the American Thoracic Society.’ To determine lung func-
tion forced expiratory volume in 1s (FEV;) was measured
in a standing position using spirometry of the Oxygen Pro,
Jaeger Measurements System according to the ATS and ERS
guidelines.'® To assess well-being, the Hospital Anxiety and
Depression Scale (HADS) was administered. QoL was assessed
using the Functional Assessment of Cancer Therapy-Lung
(FACT-L), which contains 36 items grouped into five different
categories. Questionnaires were coded according to question-

naire manuals.?”20

3.5.  Activity and side effects

During the course of CRT, daily activity and side effects were
monitored. Activity data (steps, distance, and intensity min-
utes) was monitored by a Garmin® vivosmart® HR activity
tracker and collected by the software Garmin connect. Steps
were counted by a three-axis accelerometer and distance was
calculated by a standardized step length (0.7 m) multiplied
by steps. The activity tracker calculates intensity minutes by
comparing HR data to the average resting HR. Side effects
(appetite, nausea, vomit, diarrhea, constipation, arthralgia,
myalgia, other pains, physical fatigue, mental fatigue, and
treatment-induced fatigue) were rated on a 0-4 scale and
noted daily on a paper handed out weekly during the course
of radiotherapy.

3.6. Statistical analysis

All statistical analyses were performed using the statistical
program R. Differences in physiological and psychosocial out-
comes between EXE and CON were evaluated using analysis
of covariance (ANCOVA) of posttest measurements with base-
line values as covariate including data from only the patients
who completed both the baseline- and posttests. Differences
in side effects and activity level were tested using an unpaired
t-test. All statistical tests used a significance level of 5% (p
value <0.05). Due to the perspective of this study all statis-
tical analyses were exploratory. All values are expressed as
mean + standard deviation (SD) unless otherwise mentioned.

3.7. Sample size

The sample size calculation was based on an expected change
in \'/ozpeak (L O2/min) and was based on earlier data, where 30
patients who participated in a 20-week exercise intervention
achieved an increase in voZpeak of 0.380L O,/min, assuming a
SD 0f 0.49 L. O»/min.® The sample size calculation was based on
an unpaired t-test with following assumptions: Type-I error:
0.05; type-II error: 0.20 which gave a power of 80%; MIREDIF:
0.380L Oy/min; SD: 0.49L Oy/min. The calculation gave a sam-
ple size of 28 in each group. We expected a dropout rate of
40% during the intervention; therefore, 80 patients (40 in each
group (=1.40 x 28)) was aimed to obtain the required number
of patients.

3.8. Feasibility

Feasibility was measured by the recruiting rate, retention rate,
attendance, adherence and safety. The study was defined as
successful if the patients completed the prescribed exercise
for at least two-thirds of the time' and if there were no
differences in harms between CON and EXE. Attendance is
calculated as a percentage and is equal to the total number of
exercise sessions attended divided by the total number of exer-
cise sessions prescribed.”’ Adherence to prescribed exercise
session is equal to exercise sessions performed by a full exer-
cise program divided by session attended and is calculated as
percentage.

4, Results
4.1. Patient flow

From March 2017 to January 2018, 34 patients with locally
advanced NSCLC were screened for eligibility (Fig. 1). Of
these, 15 (44.1%) patients signed informed consent and were
included (ten females, five males). All patients completed
baseline test and 8 patients were randomized to EXE and
7 patients to CON. Baseline testing was carried out 21 days
before to five days after the first fraction of radiotherapy. Two
patients were excluded after baseline testing but before the
intervention due to disease progression, both were random-
ized to CON. There were no dropouts during the intervention.
Thirteen patients were eligible for posttest. All 13 patients
completed posttest which was carried out zero to nine days
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Fig. 1 - Study flow shown. Overview of eligibility, randomization and follow-up in the study.

after the last radiation fraction. Slow inclusion rate was due to
a reduced flow of patients and for time reasons: the inclusion
period terminated before the intended number of patients was
included. Baseline characteristics for all included patients are
shown in Table 1.

4.2.  Feasibility

The exercise intervention comprised 31 (range: 26-33 sessions)
prescribed exercise sessions over the 7-week period. The over-
all attendance rate to exercise was 90.0% (range: 53.8-100.0%).
Of the 90.0% attendance, the adherence rate to full exercise
participation was 88.1% (range: 70.0-100.0%) and 11.9% (range:
0.0-30.0%) was performed by a modified program due to early
exhaustion, pause during the exercise session or practical
reasons as earlier start of radiotherapy on a given day. The
exercise intensity was 52.5+4.7%, 77.6 £ 6.7%, 64.5 £ 7.3% and
77.3 £7.3% of iPPO during the four phases of the exercise ses-
sions, corresponding to 74.7 +10.6%, 84.3+7.4%, 87.0+7.6%
and 90.7 +6.2% of HRyax With a mean RPE of 14 +1.5.

4.3.  Safety
Two patients were hospitalized during the course due to

chemotherapy adverse events. No adverse events or any unex-
pected reactions were observed during the exercise sessions.

4.4.  Physiological endpoints

Changes in cardiopulmonary endpoints are shown in Table 2.
The explorative statistical analyses included 8 patients in EXE,

except the analysis for iPPO (n=7). Five patients were included
for analyses in CON. No significant differences were observed
within or between groups from baseline to post intervention
in any cardiopulmonary endpoints.

4.5. Patients reported outcome

Analyses for QoL were made with 7 patients in EXE and 5
patients in CON. The QoL results are shown in Table 3. There
were no significant changes from baseline to post in EXE
or CON. Furthermore, there were no significant differences
between groups for any of the parameters in FACT-L. Results
from the HADS Scale showed no significant within or between
group differences from baseline to post (Table 3). Numbers of
patients included for analyses were as described for QoL.

4.6.  Activity and side effects during the intervention

Activity data was collected during a period of 39-51 days. Data
derived from the Garmin” activity tracker showed no signifi-
cant differences between EXE and CON in steps, distance or
intensity minutes (Table 4). Statistical analyses were made
with 8 patients in EXE and five in CON. Data was included for
all 13 patients who completed the intervention. Fig. 2 shows a
tendency to lower mental and treatment-related fatigue bur-
den in EXE compared to CON but the results did not reach
statistical significance. Data is only shown for fatigue.
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Table 1 - Characteristics of included patients at baseline (n=15).

Variables Exercise (n=28) Control (n=7)
Age, years 64+5.8 65+4.7
Female sex, n 5 (62.5%) 5 (71.4%)
Body mass index, kg/m? 24.1+4.4 24.2+1.9
Smocking history
Never 1(12.5%) 0 (0.0%)
Former 5 (62.5%) 4 (57.1%)
Current 2 (25.0%) 3 (42.9%)
Pack-years 35+19.9 38+13.8

Level of education

10th grade or less 2 (25.0%) 2 (28.6%)
Vocational education 2 (25.0%) 2 (28.6%)
Further education (<3 years) 2 (25.0%) 0 (0.0%)
Higher education (3—4 years) 2 (25.0%) 1(14.3%)
Master degree (5 years or more) 0 (0.0%) 2 (28.6%)
Stage
Ila 3 (37.5%) 2 (28.6%)
1Ib 4 (50.0%) 4(57.1%)
v 1(12.5%) 1(14.3%)
Pathology
Adenocarcinoma 5 (62.5%) 4 (57.1%)
Squamous carcinoma 3 (37.5%) 3 (42.9%)
Cytostatica
Cisplatin + vinorelbin 6 (75.0%) 6 (85.7%)
Carboplatin + vinorelbin 2 (25.0%)
Pulmonary function
Predicted FEVq, L 224074 2.34+0.65
Predicted FEV, % 86.4+26.8 98.6+23.8
Physiological measurements
VOopeak, ml Oz/min 1.328 +£0.458 1.460+0.431
VOspeak, ml O/kg/min 20+3.6 22462
iPPO, W 90+29 101457
6MWD, m 437 +126 515+124
Systolic blood pressure, mmHg 138+21 131+16
Diastolic blood pressure, mmHg 85+16 80+9
HRpmax, beats/min 153+18 144 +22
HRyest, beats/min 91417 7249

Data are presented as mean + SD or n (%). Only 7 patients are included in HRyax for EXE. Six patients are included in cytostatica for CON. FEV;:
forced expired volume in 1s; V02peaki maximal oxygen uptake; iPPO: incremental peak power output; 6MWD: 6 min walk distance; HR: heart
rate.

Table 2 - Between-group differences between baseline and after intervention for physiological outcomes.

Variable Exercise Control Covariance analysis
difference between groups

Baseline Post Baseline Post Mean (95%-ClI) P value
Pulmonary function
FEVy, L 22+0.7 20+0.6 26+0.7 26+0.6 0.31 (—0.07 to 0.70) 0.101
FEV1, % of Predicted 86.4+26.8 80.1+£25.0 97.1+£24.2 100.0+£0.6 11.59 (—3.13 to 26.32) 0.110
Physiological measurements
VOspesk, ml Op/min 1.334+0.46 1.25+0.30 1.68+0.27 1.65+0.27 0.21 (~0.08 to 0.51) 0.142
VOjpeak, ml Op/kg/min 19.5+3.6 18.7+£2.8 245+5.2 23.8+6.6 1.26 (—3.68 t0 6.20) 0.583
iPPO, W 90+29 93+21 130+ 35 132+ 36 7.10 (—14.62 to 28.83) 0.478
6MWD, m 437 £126 470+ 82 574+89 577 £ 67 18.41 (—15.51 to 52.34) 2.543
Systolic BP, mmHg 138 +21 134+28 130+18 127 +17 —0.84 (—23.48 to 21.80) 0.936
Diastolic BP, mmHg 85+16 83+9 83+6.6 80+6 —2.61 (—11.84 to0 6.62) 0.543
HRpax, beats/min 153+18 154+ 20 153+18 157 £12 2.52 (—15.49 to 20.52) 0.759
HRyest, beats/min 91+17 90+ 20 72+10 74+15 0.65 (—12.30 to 18.96) 0.646

Data are presented as mean =+ SD. In data for HRpax only 7 patients are included in EXE. FEV;: forced expired volume in 1s; Vozpeak: maximal
oxygen uptake; iPPO: incremental peak power output; 6MWD: 6 min walk distance; HR: heart rate; CI: confidence interval.
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Table 3 - Between-group differences between baseline and after intervention for FACT-L and HADS.

Variable Baseline Post Covariance analysis
difference between groups
Exercise Control Exercise Control Mean (95%-CI) P value
FACT-L
Physical well-being 214+64 19.2+8.3 20.9+5.6 22.0+4.3 2.20 (—3.21to 7.61) 0.382
Social well-being 224+64 253+23 23.3+5.8 242+38 —1.50 (—5.07 to 2.08) 0.369
Emotional well-being 17.7 £4.5 184+3.1 18.9+3.8 20.2+3.1 1.09 (—3.38 to 5.55) 0.596
Functional well-being 17.6+5.4 174+7.1 18.0£5.5 17.4+4.7 —0.52 (—6.85 to 5.79) 0.854
Lung cancer subscale 17.4+4.5 194+34 18.0+6.7 22.8+23 4.62 8 (—3.14 to 12.38) 0.211
Trial outcome index 56.4+12.9 56.0+£17.2 56.9+14.7 62.2+10.4 5.49 (—11.47 to 22.46) 0.483
FACT-General 79.1+12.7 80.2+16.4 81.0+£125 83.8+12.9 2.98 (—12.61 to 17.20) 0.735
FACT-Lung 96.6+14.8 99.6+19.0 99.0+16.2 106.6 £14.3 6.69 (—13.83 to 27.20) 0.480
HADS
Anxiety 6.5+4.7 56+15 41+3.1 44+34 0.33 (—2.99 to 3.64) 0.829
Depression 46+54 54+4.9 3.0+14 48+34 0.64 (—2.62 to 3.91) 0.667

Data are presented as mean =+ SD. Data only included for 7 patients in EXE. Higher scores in FACT-L indicate higher QoL. In HADS higher
scores indicate a great extent of anxiety and depression. FACT-L: Functional Assessment of Cancer Therapy-Lung; HADS: Hospital Anxiety and

Depression Scale; CI: confidence interval.

Table 4 - Between-group differences in activity data collected during the intervention.

Variable Exercise Control Mean diff. (95%-ClI) P value
Steps (day) 6254 4 2337 7572 4 2445 1318 (—4458 to 1821) 0.3632
Distance (day) 471+1.83 6.06 +£3.33 1.35 (—4.241 to 1.546) 0.3081
Intensity minutes (day) 28 +27 19+17 —9.28 (—17.522 to 36.072) 0.462

Data are represented as mean =+ SD. Data collected during the intervention period.

5. Discussion

This is the first study to test whether daily individual, super-
vised, structured exercise training is feasible and safe for
patients with locally advanced NSCLC while undergoing con-
comitant chemoradiotherapy. The principal finding of this
study is that 7 weeks of 20-min daily moderate-to-high
intensity cycle ergometer exercise is feasible, safe and well
tolerated during concomitant chemoradiotherapy in patients
with locally advanced NSCLC.

The recruiting rate in this study (44.1%) was similar to
earlier studies including patients with NSCLC. Kuehr et al.?
had a recruiting rate of 49.4% (including stages Ila-IV), and
Jones et al.® reported a recruiting rate of 50.0% (including
stages I-IIIB). In contrast to these studies, Quist et al.'' had
a 25.9% rate (including III-IV NSCLC and SCLC-ED). In the
present study all patients completed posttest (retention rate:
100%), which was excellent compared to the above-mentioned
exercise studies.®!" All 8 patients randomized to EXE could
perform daily exercise concurrent to receiving concomitant
chemoradiotherapy. Contrary to this Edvardsen et al.® showed
that patients with resectable NSCLC treated with chemother-
apy were forced to postpone their training until they had
completed the last course of treatment. As the exercise train-
ing was carried out next to the accelerator patients only had
to appear 30min before planned radiotherapy session. The
attendance was high (90.0%) which was similar compared to
previous studies.®?? Kuehr et al.?? showed a 95% adherence
rate in a hospital-based exercise program and 77% adherence
rate in a home-based program, while Quist et al.'* had a rate of
73.3% and 8.7% in supervised group training and home-based

training, respectively. Thus, indicating that meeting patients
in their current setting is favorable. No patients missed their
radiotherapy session due to participating in the study and we
observed no adverse event during the exercise sessions or dur-
ing the baseline- and posttest.

The study showed a high attendance (90.0%) and adher-
ence (88.1%), but due to the included number of patients we
demonstrated no statistical significant differences in any of
the secondary outcome for any of the groups following 7 weeks
of exercise training. This might be due to the small sample size
included. Even though there were no significant findings in the
current study data showed a tendency toward a lower mental
and treatment related fatigue burden in EXE compared with
CON. Similar findings have been observed in another study
with a significant effect in fatigue after 6 weeks of exercise.”
Additionally, in a qualitative study Adamsen et al.>* showed
that treatment related fatigue could be transformed to a more
positively perceived exercise induced fatigue as a result of
participating in exercise.

The strength of this study is that the patients were met in
their current situation with the exercise intervention carried
out next to the accelerator. In this way, the design was tested in
areallife situation, necessary in order to test the perspective of
increasing oxygen availability prior to radiotherapy. Further-
more, the exercise was tailored and adjusted individually and
this exercise-dose (intensity, frequency, duration) has been
implemented before in NSCLC patients.’ Jones et al.’ reported
that 2 patients experienced an abnormal decline in systolic
blood pressure >20mm Hg (hypotension) which normalized
after exercise discontinuation. Other studies, including the
same patient group experienced no exercise-related adverse
events.”®1122 The fact that daily side effect, activity level,
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Fig. 2 - Changes in patient reported side effects during the
intervention period: (A) physical fatigue, (B) mental fatigue
and (C) treatment related fatigue.

motivation to exercise, perceived exertion following exercise,
dyspnea and RPE were strictly, individually monitored over
a 7-week period strengthens this study. These data revealed
if the exercise training was well tolerated and made it pos-
sible to adjust the intensity during the intervention period.
The achieved exercise intensities with corresponding HR lev-
els emphasize that the prescribed exercise intervention was
successful and well tolerated. All the above-mentioned cir-
cumstances have enhanced the safety of this study. The
training components (intensity, frequency, duration) in the

intervention can easily be reproduced and thus raise the exter-
nal validity.

The present setting was feasible for the included patients.
The perspective of exercise before radiotherapy is that aero-
bic exercise may provide a novel means to overcome tumor
microenvironment-associated therapy resistance in human
solid tumors by increased oxygen availability. Due to struc-
tural and functional abnormalities in tumor blood vessels
oxygen supply can be heterogeneous and result in intratu-
moral regions of hypoxia.”” Preclinical studies have shown
that tumors with hypoxic regions are more resistant to radio-
therapy than tumors without hypoxia.?®?’ Little is known,
however, about the acute effect of aerobic exercise on blood
flow to human tumor tissue. This key focus is emerging in
the literature, and for now still at a hypothesis-generating
level 2831

There are several limitations to the current study. The
number of eligible patients, which relies on the fluctuations
in newly diagnosed NSCLC patients receiving concomitant
chemoradiotherapy, was lower than expected. Therefore,
the inclusion period terminated before the calculated num-
ber of patients was achieved. Our findings may therefore
be limited for generalization because of the small sam-
ple size. We only included locally advanced patients with
NSCLC, and only a subset of the eligible patients were will-
ing to participate in the study, which may have resulted
in a selective, more strongly motivated group. Owing
to the hypothesis-generated, prospective and explorative
design of this study, it has not been possible to con-
firm the described outcome measures. To examine the
secondary outcomes, the intervention should be investi-
gated in a bigger randomized controlled study including the
prescribed number of patients from the sample size calcula-
tion.

In conclusion, this study demonstrated ‘proof of principle’
that daily moderate-to-high intensity cycle ergometer exer-
cise was feasible, safe and well tolerated during concomitant
chemoradiotherapy in patients with locally advanced NSCLC.
Large prospective randomized controlled trials are warranted
to definitively address this question.
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