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A B S T R A C T

Question: In people with non-small cell lung cancer, what is the effect of condensing 15 prehabilitation
sessions into a 3-week regimen compared with a 5-week regimen? Design: Randomised controlled trial
with concealed allocation, intention-to-treat analysis and blinded assessment of the primary outcome.
Participants: People with diagnosed or suspected non-small cell lung cancer and moderate-to-high risk of
postoperative complications. Intervention: Fifteen supervised prehabilitation sessions delivered with
either a dense regimen of five sessions/week for 3 weeks (experimental group) or a non-dense regimen of
three sessions/week for 5 weeks (control group). Outcome measures: The primary outcome was the
change in cardiorespiratory fitness measured by the V_O2peak in ml/kg/min. The secondary outcomes were the
change in other variables of interest measured during cardiopulmonary exercise testing, non-invasive
nutritional markers, quadriceps maximal voluntary isometric contractions, maximal inspiratory pressure,
quality of life, adherence and postoperative complications. Results: Changes with the experimental
regimenwere similar to or better than changes with the control regimen for: V_O2peak (MD 1.2 ml/kg/min, 95%
CI 20.1 to 2.6); V_ E/V_ CO2 slope (MD 23.6 points, 95% CI 28.7 to 1.5); and work rate at ventilatory threshold
(MD 3.7 W, 95% CI 25.6 to 13.0). The two regimens had similar effects on: peak work rate (MD 1.3 W, 95%
CI 26.4 to 9.0), V_O2 at ventilatory threshold (MD 0.0 ml/kg/min, 95% CI 21.4 to 1.4); body mass index
(MD20.2 kg/m2, 95% CI20.5 to 0.1); and maximal inspiratory pressure (MD20.7 cmH2O, 95% CI29.8 to 8.4).
The relative effect was uncertain for quadriceps maximal voluntary isometric contractions, quality of life and
complications. Conclusion: Condensing prehabilitation sessions led to similar or better improvement in
cardiorespiratory fitness and did not decrease adherence or increase adverse events. This could increase the
number of patients who can be referred for prehabilitation, despite short presurgical periods. Trial
registration: NCT03936764. [Gravier F-E, Smondack P, Boujibar F, Prieur G, Medrinal C, Combret Y,
Muir J-F, Baste J-M, Cuvelier A, Debeaumont D, Bonnevie T (2022) Prehabilitation sessions can be pro-
vided more frequently in a shortened regimen with similar or better efficacy in people with non-small
cell lung cancer: a randomised trial. Journal of Physiotherapy 68:43–50]
© 2021 Australian Physiotherapy Association. Published by Elsevier B.V. This is an open access article under

the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Lung cancer is the most common type of cancer and the leading
cause of cancer death worldwide.1 Lung resection is currently the
recommended curative treatment for early-stage non-small cell lung
cancer (NSCLC).2 Measurement of peak oxygen uptake (V_O2peak) by
cardiopulmonary exercise testing is recommended to assess periop-
erative risk in frail patients.3,4 Physical preparation for surgery,
n. Published by Elsevier B.V. This is
termed prehabilitation, which involves exercise training, support
with smoking cessation, nutritional advice, respiratory physiotherapy
and postoperative education, is increasingly being prescribed and
delivered to this clinical population.

Prehabilitation was initially undertaken to allow patients who
were inoperable due to their poor cardiorespiratory fitness to benefit
from curative surgery. Today, as evidenced by a growing number of
randomised trials from various regions of the world, the challenge is
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to offer this intervention to reduce the occurrence and severity of
postoperative complications and to shorten length of hospital stay,
including in patients with moderate postoperative risk.5 Despite
these benefits, some teams might be reluctant to offer prehabilitation
to operable patients with high/moderate surgical risk so that surgery
is not delayed.

Related to this concern, the organisation of prehabilitation must
consider both the need for rapid surgery and the need to provide a
sufficient training load to obtain physiological benefits. In a pre-
liminary retrospective cohort study, we found that the subgroup of
patients who completed � 15 sessions showed more improvement in
cardiorespiratory measures after the prehabilitation program than
those who performed fewer sessions.6 The program was therefore
designed to have 15 sessions. Programs involving daily training could
provide considerable physiological stimulation in a shorter timeframe
compared with a more conventional frequency of two to three ses-
sions per week in pulmonary rehabilitation.7 However, such intense
training could cause significant fatigue or limit adherence. Patients
scheduled for NSCLC resection undergo many preoperative consul-
tations and examinations and may struggle to also participate in
prehabilitation.

To date, no study has evaluated the relative effect of condensing
the delivery of a fixed number of exercise sessions on the physio-
logical benefits and safety of prehabilitation.

Therefore, the research question for this randomised controlled
trial was:

In people with NSCLC, what is the effect of condensing 15 pre-
habilitation sessions into a 3-week regimen compared with a 5-
week regimen?
Method

Study design

This randomised controlled trial was conducted by ADIR Associ-
ation, Rouen, France, in partnership with Rouen University Hospital.
Consecutive adult patients with suspected or confirmed NSCLC and a
moderate-to-high perioperative risk at the pulmonary rehabilitation
centre of the ADIR Association were screened for eligibility. Eligible,
consenting patients were randomly assigned after baseline assess-
ment to one of two prehabilitation regimens: five sessions per week
for 3 weeks (experimental group) or three sessions per week for 5
weeks (control group). The 1:1 randomisation sequence was
computer-generated before initiation of the trial using the Research
Randomizer website and concealed until enrolment in the first pre-
habilitation session. Before and after prehabilitation, participants
underwent cardiopulmonary exercise testing and measurement of
non-invasive nutritional markers, quadriceps strength, maximal
inspiratory pressure, quality of life and adherence. Complications
were assessed postoperatively. A blinded researcher assessed the
primary outcome (cardiorespiratory fitness). Analysis followed the
intention-to-treat principle. The results of the study are reported
according the Consolidated Standards of Reporting Trials (CONSORT)
statement.8
Participants

The inclusion criteria were suspected or confirmed NSCLC and a
moderate-to-high perioperative risk, defined as V_O2peak , 20 ml/kg/
min. The exclusion criteria were: cardiological contraindications to
training; neoadjuvant radio-chemotherapy; refusal to carry out a
training program; a comorbidity that limited cycling (eg, orthopaedic,
vascular or neurologic limitations); exacerbation; or medical recom-
mendation for early cessation of the prehabilitation program.
Intervention

Prehabilitation sessions
All participants in both groups were allocated to receive 15

prehabilitation sessions. Each prehabilitation session lasted approxi-
mately 90 minutes. The first session was individual and the following
sessions were performed in groups of around six patients. The pro-
gram was supervised by a physiotherapist. The program included the
following four components.

Aerobic endurance training: aerobic endurance training on a cycle
ergometer at the ventilatory threshold (VT) determined during the
initial cardiopulmonary exercise testing. The first session lasted for 15
to 20 minutes. The duration increased by 5 minutes each session to
reach 45 minutes (including a 5-minute warmup and a 5-minute
active recovery). The intensity was then increased by 5 or 10 watts,
as tolerated.9

Peripheral muscle strengthening: peripheral muscle strengthening
on weight machines performed at 60 to 70% of the 1-repetition
maximum (1RM) (three exercises: whole-leg extension, whole-arm
pull down and whole-arm extension). Three sets of 12 movements
were carried out for each exercise and the load was increased regu-
larly as tolerated.10

Inspiratory muscle training: inspiratory muscle training using an
inspiratory threshold valve calibrated to at least 30% of the maximal
inspiratory pressure (MIP). Patients were encouraged to carry out 15
minutes of independent training daily and to increase the resistance
regularly.11

Support and education: smoking cessation support12 and education
regarding mucus clearance techniques, deep-breathing, directed and
protected coughing, and postoperative mobilisation.13 The last two
components were mainly delivered during the first individual ses-
sion, and reminders and advice were provided during the following
14 group sessions. The exercises were prescribed and progressed by a
physiotherapist in accordance with the safety criteria recommended
by the physician after cardiopulmonary exercise testing.

Randomised regimens
Participants were randomly assigned to one of two regimens for

15 sessions of prehabilitation. The experimental group was scheduled
to attend five 90-minute sessions per week for 3 weeks. The control
group was scheduled to attend three 90-minute sessions per week for
5 weeks.

Outcome measures

A comprehensive medical history was collected for each patient.
Cardiorespiratory fitness and spirometry were assessed by a physi-
cian who was blind to patient allocation before and after the 15
planned prehabilitation sessions. The same physiotherapist, who was
not blind to patient allocation, assessed quadriceps strength, maximal
inspiratory pressure, and non-invasive nutritional variables at the
first and last sessions. A quality of life questionnaire was completed
during the first and last sessions.

The primary outcome was the post-training change in cardio-
respiratory fitness measured by the V_O2peak in ml/kg/min. Sec-
ondary outcomes were the post-training change in the other
variables of interest measured during cardiopulmonary exercise
testing, non-invasive nutritional markers, quadriceps maximal
voluntary isometric contractions, maximal inspiratory pressure,
quality of life, adherence and postoperative complications.

Cardiopulmonary exercise testing
Cardiopulmonary exercise testing was performed on an electro-

magnetic ergometera. A face mask, pneumotach and gas analyserb

were used to assess oxygen uptake (V_O2) and carbon dioxide pro-
duction (V_ CO2), breath by breath. Heart rate was continuously
monitored using a 12-lead electrocardiogram and perceived exertion
was assessed using the Borg scale. After a 3-minute warm-up period,
incremental ramp exercise (aimed to last for about 10 minutes using
steps from 5 to 15 W/min depending on the physician’s evaluation,
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the patient’s history and usual physical activity levels) was applied to
exhaustion.14 V_O2 measured during the last fully sustained ramp was
defined as the V_O2peak and expressed as a percentage of the predicted
value according to age, weight and sex.14,15 Ventilatory threshold was
manually identified using a three-criterion discrimination tech-
nique.14 Linear regression of the ratio between the increase in minute
ventilation (V_ E) and the expired carbon dioxide flow (V_ CO2) gener-
ated the V_ E/V_ CO2 slope.

Pulmonary function
Pulmonary function tests were carried out according to the

American Thoracic Society and the European Respiratory Society
guidelines with a commercial spirometerc. Values were expressed as
percentages of established predicted values for European pop-
ulations.16 MIP was measured before and after prehabilitation using
an electronic manometerd.

Quality of life
Quality of life was estimated using the European Organization for

Research and Treatment of Cancer Core Quality of Life Questionnaire
and modular supplement for Lung Cancer patients (EORTC QLQ-C30 /
LC13), a 30-question questionnaire with a 13-question modular spe-
cific supplement for patients with lung cancer.17 Scores range from
0 to 100, and a higher score reflects either better function or milder
symptoms.

Nutritional status
Nutritional status was estimated non-invasively by measuring

body mass index and bioimpedance analysise of fat-free mass calcu-
lated as percentage of total body weight. The measurement was
carried out before exercise, in a standardised supine position, after
urination and 10 minutes of rest.18 Since the patient then performed
the exercise training session, fasting was not required. The pre- and
post-prehabilitation measurements were taken at the same time of
day.

Quadriceps strength
Bilateral quadriceps maximal voluntary isometric contractions

were evaluated with hand-held dynamometryf according to a
standardised methodology.19 The obtained results were expressed in
absolute values and as a percentage of the corresponding theoretical
normal values for each lower limb.20

Adherence and adverse event
Adherence to the prehabilitation programwas defined as the ratio

of the number of sessions attended to the 15 sessions prescribed. Any
adverse event during or related to exercise training was recorded.

Postoperative complications
Postoperative complications were collected from the medical

records at 30 days and graded according to the Clavien-Dindo
classification.21

Data analysis

This study aimed to assess the relative effects of a dense and a
non-dense supervised outpatient prehabilitation program on im-
provements in cardiorespiratory fitness measured by the change in
V_O2peak. Taking into account an expected between-group difference
(mA 2 mB) of zero, alpha of 0.05, power of 80%, a two-sided 95% CI, a
smallest worthwhile effect on the change in V_O2peak of 1.75 ml/kg/
min, and a standard deviation of 1.62 ml/kg/min,6 it was determined
that a total of 30 participants was required, divided into two groups.22

Assuming a 20% dropout risk, the sample size was set to 36
participants.

Categorial data were expressed as numbers (percentages).
Continuous data were expressed as means (SD) or median (IQR)
according to distribution. Normality was assessed using the
Kolmogorov-Smirnov test. Between-group differences were
expressed as MD (95% CI). If necessary, skewed data were prelimi-
narily converted into means (SD) with the Luo et al and Shi et al
methods,23,24 and the widest estimate was conservatively used before
calculating the MDs. Statistical analyses were performed with an
intention-to-treat approach using the last observation carried for-
ward method for preoperative variables,25 and no postoperative
complication was considered for patients who did not undergo sur-
gery. Commercial statistical softwareg was used for analyses.
Results

Flow of participants through the study

Thirty-six participants were recruited between May 2019 and
April 2021. The flow of participants through the study is presented in
Figure 1. The baseline characteristics of the participants are presented
in Table 1 and in the first two columns of data in Table 2.
Primary outcome

The mean between-group difference in the change in V_O2peak was
1.2 ml/kg/min (95% CI 20.1 to 2.6). The two-sided 95% CI (20.1 to 2.6)
spanned from close to 0 (no between-group difference) to greater
than the prespecified smallest worthwhile effect of 1.75 ml/kg/min in
favour of the dense training regimen, indicating similar or better
benefits from the dense training regimen relative to the control
regimen. (Table 2 and Figure 2).
Secondary outcomes

Preoperative outcomes
Changes in the secondary outcomes from before to after pre-

habilitation for each group and the corresponding between-group
comparisons are presented in Table 2. As for primary outcome, the
effect from the dense prehabilitation was similar to or better than the
control regimen for V_ E/V_ CO2 slope (MD 23.6 points, 95% CI 28.7 to
1.5) and work rate at the ventilatory threshold (3.7 W, 25.6 to 13.0).
The dense prehabilitation regimen was estimated to have similar
effects to the control regimen on peak work rate (MD 1.3 W, 95%
CI 26.4 to 9.0), V_O2VT (MD 0.0 ml/kg/min, 95% CI 21.4 to 1.4), body
mass index (MD 20.2 kg/m2, 95% CI 20.5 to 0.1), and maximal
inspiratory pressure (MD 20.7 cmH2O, 95% CI 29.8 to 8.4). Although
the mean between-group differences for quadriceps maximal
voluntary isometric contractions and quality of life were all too small
to be perceived as clinically relevant, the large 95% CIs demonstrate
that these estimates had important inherent uncertainty that does
not exclude the possibility of worthwhile differences in effect. Indi-
vidual participant data are presented in Table 3 on the eAddenda.

Adherence and adverse events
The mean adherence rate for scheduled sessions was 86% (SD 11)

in the experimental group and 87% (SD 11) in the control group,
giving a mean difference of 1% (95% CI 29 to 7). No patient dropped
out due to intolerance to the prehabilitation program. Only one pa-
tient had to discontinue the program early, because the date of sur-
gery was brought forward. No adverse events occurred.

Postoperative outcomes
Twenty-six participants (72%) underwent surgery at the end of

their prehabilitation program (Table 4). Ten surgical interventions
(five in each group) were not carried out for the following reasons:
three participants had stable nodules under surveillance, three par-
ticipants had metastases discovered, two participants had unfav-
ourable onco-geriatric opinions, one participant had a benign biopsy
result and one participant refused surgery. Six postoperative com-
plications were reported: two in the experimental group and four in
the control group, RR 0.5 (95% CI 0.1 to 2.1). Most of the postoperative
complications were pulmonary and clinically significant (Clavien-
Dindo classification � 2) (Table 5).



Control group
prehabilitation

3 sessions/week
5 weeks

Assessed for eligibility (n = 61)

Excluded (n = 25)
neoadjuvant chemotherapy (n = 6)
COVID-19 containment (n = 6)
surgical date < 5 weeks away (n = 6)
comorbidity limiting training (n = 4)
declined to participate (n = 1)
VO2peak > 20 ml/kg/min (n = 1)
tracheostomy (n = 1)

Underwent cardiopulmonary exercise testing and measured body mass index, fat-free mass, 
quadriceps torque, maximum inspiratory pressure and quality of life

Randomised (n = 36)
(n = 18) (n = 18)

Week 0

Experimental group
prehabilitation
5 sessions/week
3 weeks

Preop

Underwent cardiopulmonary exercise testing and measured body mass index, fat-free mass, 
quadriceps torque, maximum inspiratory pressure, quality of life, adherence and adverse 

events

(n = 18) (n = 18)

Lost to follow-up (n = 0) Lost to follow-up (n = 0)

Postop
Assessed postoperative complications

(n = 13) (n = 13)

Lost to follow-up (n = 5)
surgery cancelled (n 
= 5)

Lost to follow-up (n = 5)
surgery cancelled (n 
= 5)

.

Figure 1. Design and flow of participants through the trial.
COVID-19 = coronavirus disease 2019, CPET = cardiopulmonary exercise testing, V_ O2peak = peak oxygen uptake.
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Discussion

The main finding of this study was that a shorter dense pre-
habilitation program (five sessions/week for 3 weeks) had a similar or
better effect than a longer regimen (three sessions/week for 5 weeks)
on cardiorespiratory fitness measured with V_O2peak. The between-
group difference in change in V_O2peak was 1.2 ml/kg/min (95%
CI 20.1 to 2.6) in favour of the dense regimen, although the uncer-
tainty in that estimate ranged from quite similar to better than
control to a clinically worthwhile degree (ie, greater than the pre-
specified smallest worthwhile effect of 1.75 ml/kg/min). As no rele-
vant smallest worthwhile effect has been published for this clinical
scenario, the threshold that was prespecified requires further clari-
fication. This value corresponded to the mean difference previously
observed between patients who completed 15 training sessions or
more and those who received a lower training load.6 Furthermore,
this value of 1.75 ml/kg/min is equal to a half metabolic equivalent of
task (1 MET = 3.5 ml/kg/min)2a value that can distinguish different
levels of functional activity.26 Ultimately, whatever smallest worth-
while effect threshold is chosen, this study provides an estimate that
is accurate enough to support that a dense prehabilitation regimen
leads to benefits that are at least similar to those achieved with a
longer less-dense regimen.

A previous study found that ventilatory efficiency was probably
less sensitive than oxygen uptake to prehabilitation.6 In the present
study, only the experimental group showed a substantial mean
reduction in the V_ E/V_CO2 slope, resulting in a mean difference be-
tween the two groups of 23.6 (slope coefficient). Although there is
currently no established threshold for a smallest worthwhile effect,
this value represents approximately 10% of the baseline median
(Table 2) and can potentially allow some patients to fall below the
previously reported postoperative risk threshold of 35.27 However,
the uncertainty around this estimate ranges from a very worthwhile
reduction in favour of dense prehabilitation regimen through to
negligible differences (95% CI 28.7 to 1.5).

The two outcome measures discussed above (ie, V_O2peak and V_ E/
V_CO2 slope) are powerful predictive markers of complications after
pulmonary resection.4,27 Given that mean estimates favoured the
dense prehabilitation regimen and the confidence intervals indicated
that the effects are as good as or better than the control regimen, a
reduction in postoperative complications might be anticipated. Un-
fortunately, the study did not confirm this assumption. Although the
overall complication rate in the present cohort (23%) was close to the
overall complication rate of 19% reported by the European Society of
Thoracic Surgeons from their database, this produced a very uncer-
tain estimate of the relative effect of the interventions on this
outcome. Additionally, the distribution of surgical procedures per-
formed did not allow this comparison to be interpreted without
possible confounding. Future adequately powered trials are war-
ranted to further explore the effects of prehabilitation density on
postoperative complications.

The estimated effect of the dense prehabilitation regimen on peak
power on the cycle ergometer (WRpeak) was a mean between-group
difference of 1.3 W (95% CI 26.4 to 9.0). This can be considered
clinically similar to the control regimen, based on a MCID of 10.5 W.28

The upper limit of the confidence interval could perhaps be judged as
a worthwhile benefit from the dense regimen, since in clinical prac-
tice the variation in Watts on cycle ergometers is generally rounded



Table 1
Baseline characteristics of the study participants.

Characteristic All
(n = 36)

Exp
(n = 18)

Con
(n = 18)

Age (yr), mean (SD) 66 (8) 68 (8) 65 (8)
Sex, n male (%) 23 (64) 14 (78) 9 (50)
Body mass index (kg/m2), mean (SD) 29 (6) 29 (7) 29 (5)
V_ O2peak (% pred), mean (SD) 64 (15) 61 (15) 67 (15)
FEV1 (L), mean (SD) 1.9 (0.7) 1.9 (0.7) 1.9 (0.7)
FEV1 (% pred), mean (SD) 74 (28) 73 (31) 75 (26)
FVC (L), mean (SD) 3.0 (0.8) 3.2 (0.9) 2.9 (0.8)
FVC (% pred), mean (SD) 90 (22) 90 (26) 90 (19)
DLCO (% pred), median (IQR) 56 (45 to 70) 58 (46 to 70) 55 (45 to 69)
Comorbidities, n (%)

COPD 22 (61) 14 (78) 8 (44)
hypertension 19 (53) 9 (50) 10 (56)
hypercholesterolaemia 14 (39) 6 (33) 8 (44)
cardiovascular disease 13 (36) 8 (44) 5 (28)
diabetes 10 (28) 6 (33) 4 (22)
anxiety-depression syndrome 5 (14) 2 (11) 3 (17)
orthopaedic/rheumatic disease 8 (22) 4 (22) 4 (22)

Medications (n/patient), median (IQR) 6 (3 to 7) 6 (4 to 7) 5 (3 to 8)
Tobacco use category, n (%)

non-smoker 2 (6) 1 (6) 1 (6)
smoker 11 (31) 6 (33) 5 (28)
former 23 (64) 11 (61) 12 (67)

Tobacco exposure (pack-yr), median (IQR) 42 (36 to 60) 48 (35 to 60) 40 (34 to 54)
NSCLC stage, n (%)

I 22 (61) 13 (72) 9 (50)
II 7 (19) 2 (11) 5 (28)
III 3 (8) 1 (6) 2 (11)
IV 1 (3) 0 (0) 1 (6)
NS 3 (8) 2 (11) 1 (6)

Con = control group, COPD = chronic obstructive pulmonary disease, DLCO = diffusing capacity of the lung for carbon monoxide, Exp = experimental, FEV1 = forced expiratory
volume in 1 second, FVC = forced vital capacity, NS = not specified, V_ O2peak = peak oxygen uptake.
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off to 5 W higher or lower, and an average gain of 10 W at WRpeak

generally results in an additional increment during cardiopulmonary
exercise testing.14

Concerning a submaximal marker, the difference in V_O2VT be-
tween the two groups was unimportant (MD 0.0 ml/kg/min, 95%
CI21.4 to 1.4). For WRVT, although the difference was clinically trivial,
the uncertainty around this estimate ranged from similar to better in
favour of the dense regimen (MD 3.7 W, 95% CI 25.6 to 13.0). Due to
uncertainty, further research is needed to clarity the relative effects of
different training densities on submaximal cardiorespiratory fitness
biomarkers.

The evaluated nutritional markers did not clinically change after
prehabilitation in either group, with trivial between-group differ-
ences. These measures have not been previously reported in lung
cancer patients but the results are consistent with the effect of a
similar prehabilitation program in patients with scheduled colorectal
surgery.29

To interpret the effects on quadriceps strength, the smallest
worthwhile effect of 7.5 Nm (established in patients with COPD30)
could be used. Against this threshold, the between-group difference
of 0.3 Nm and 4.7 Nm were both clinically trivial (Table 2). The es-
timates were, however, very imprecise; on the left side, for example,
the 95% CI spanned clinically worthwhile differences in either di-
rection. Although there are no data in the literature for NSCLC pa-
tients, a meta-analysis reported that healthy untrained subjects
benefit more from higher training frequencies with moderate loads
rather than low training frequencies with higher resistive load.31 Due
to uncertainty, further research is needed to clarify the relative effects
of more-frequent resistance training on peripheral muscle strength
during prehabilitation. Regarding inspiratory muscle strength
measured with MIP, a smallest worthwhile effect threshold of 17.2
cmH2O was used.32 The relative improvement in MIP can be judged
as clinically similar because both the main estimate (20.7 cmH2O)
and its confidence interval (29.8 to 8.4) are smaller in magnitude
than the smallest worthwhile effect. It is worth noting that in addi-
tion to the supervised exercise training sessions, participants in both
groups also had the opportunity to perform daily unsupervised
inspiratory muscle training. Therefore, the control group had the
opportunity to perform more inspiratory muscle training sessions
due to the longer duration of the program; however, this did not
produce clinically relevant increases in the amount of improvement
in maximal inspiratory pressure.

We were concerned that participants undertaking an outpatient
training program 5 days per week might experience a reduction in
quality of life and/or adhere poorly to the prescribed sessions. Both
groups underwent an identical total prescribed training load with a
similar rate of adherence: 86% in the experimental group and 87% in
the control group. The study produced very imprecise estimates
about the relative effects of the two prehabilitation regimens on
quality of life. For example, the confidence interval around the mean
between-group difference in the EORTC-QLQ-C30 LC13 subscale
spanned the published smallest worthwhile effects of a 3-point in-
crease and a 6-point decrease.33 Therefore, we were unable to draw
any clear conclusion about whether and by how much one regimen
might be superior to the other for quality of life. This requires further
clarification with future trials. However, the current results confirm
that it is possible to obtain physiological benefits in a short period of
timewith a condensed programwithout generating adverse events or
a negative effect on adherence.

The positive effects of prehabilitation in patients scheduled
for lung resection for NSCLC are increasingly being scientifically
supported; however, these programs are very heterogeneous.5

One-week programs with twice-daily training and multimodal
management have recently been described, but they involve hospi-
talisation,34,35 which cannot be generalised to a large number of
patients in most healthcare systems. The durations of supervised
outpatient programs described in prospective trials are � 3 weeks,
and training frequencies range from three to five times per week.5

Since patients with risk factors frequently require a larger set of
examinations, we observed locally that those who benefited from
prehabilitation did not have a longer surgical delay, while reducing
the incidence and the severity of postoperative complications.36 In
order to facilitate the implementation of such prehabilitation pro-
grams, this must be considered in parallel with their diagnosis in a
global oncological care pathway. As the flowchart shows, a sizeable
proportion of patients referred for prehabilitation do not ultimately



Table 2
Mean (SD) of groups, mean (SD) within-group difference and mean (95% CI) between-group difference for outcome measures.

Outcome Groups Within-group difference Between-group difference

Baseline Preoperative Preoperative minus baseline Preoperative minus baseline

Exp
(n = 18)

Con
(n = 18)

Exp
(n = 18)

Con
(n = 18)

Exp Con Exp minus Con

Cardiorespiratory exercise testing

V_O2peak (ml/kg/min) 12.9
(3.3)

14.1
(3.2)

15.3
(3.6)

15.3
(3.7)

2.4
(1.8)

1.2
(2.1)

1.2
(20.1 to 2.6)

V_O2VT (ml/kg/min) 9.6
(1.8)

9.9
(1.7)

10.4
(1.9)

10.6
(2.0)

0.8
(2.1)

0.8
(2.0)

0.0
(21.4 to 1.4)

WRpeak (W) 73.9
(19.2)

77.2
(26.4)

85.3
(19.6)

87.5
(31.7)

11.1a

(12.3)
9.8a

(11.3)
1.3

(26.4 to 9.0)
WRVT (W) 45.0a,b

(12.8)
43.0a,b

(17.4)
50.9a,b

(14.4)
48.5a,b

(19.7)
10.4a

(17.2)
6.7a

(10.3)
3.7

(25.6 to 13.0)
V_ E/V_ CO2 slope 38.9a

(10.4)
39.0
(9.9)

35.5
(6.2)

38.8
(11.0)

23.8a

(8.9)
20.2
(6.6)

23.6
(28.7 to 1.5)

Nutrition

Body mass index (kg/m2) 29.5
(6.8)

29.3
(5.1)

29.5
(6.7)

29.5
(5.1)

0.0
(0.5)

0.2a

(0.5)
20.2

(20.5 to 0.1)
Fat-free mass (%) 66.3

(8.4)
62.2
(8.6)

66.0
(7.9)

62.0
(7.9)

20.3
(1.5)

20.1
(2.8)

20.2
(21.8 to 1.3)

Muscle strength

QMVIC left (Nm) 82.7c

(20.7)
86.7
(42.6)

91.2c

(21.8)
94.9
(39.5)

8.5
(12.5)

8.2
(18.3)

0.3
(210.8 to 11.4)

QMVIC right (Nm) 76.4c

(21.7)
83.5
(43.0)

86.1c

(22.4)
89.2
(39.2)

10.4a

(14.4)
5.7

(13.8)
4.7

(22.4 to 11.8)
MIP (cmH2O) 60.9

(16.3)
60.5
(20.6)

70.5
(17.1)

68.4a

(24.9)
9.6
(9.3)

10.3a

(17.3)
20.7

(29.8 to 8.4)

EORTC QLQ-30

Functional score (0 to 100) 78.3a

(11.6)
71.1
(23.0)

86.2
(7.3)

81.9a

(17.2)
7.7
(8.9)

11.0
(17.1)

23.3
(212.6 to 5.9)

Symptom score (0 to 100) 81.3a

(11.7)
82.8a

(14.0)
83.0
(12.0)

83.9a

(14.1)
1.5a

(13.8)
4.0a

(12.6)
22.5

(211.1 to 6.1)
Global score (0 to 100) 59.3a

(22.1)
64.7a

(20.0)
71.3
(14.1)

74.1a

(16.0)
12.5a

(25.1)
10.2a

(19.1)
2.3

(212.3 to 16.9)
LC13 score (0 to 100) 85.7

(8.2)
83.6
(12.6)

88.0
(8.2)

84.9a

(13.3)
2.3
(5.2)

1.4
(7.5)

1.4
(28.7 to 6.5)

Small anomalies in subtraction in the unconverted data are due to the effects of rounding. Shaded row = primary outcome.
Con = control group, EORTC QLQ-30 = European Organization for Research and Treatment of Cancer Core Quality of Life Questionnaire, Exp = experimental group, FEV1 = forced
expiratory volume in 1 second, FEF25-75 = forced expiratory flow at 25 to 75% of the expiratory volume, FVC = forced vital capacity, LC13 = lung cancer-specific module of the EORTC
QLQ-30, MIP = maximal inspiratory pressure, QMVIC = quadriceps maximum voluntary isometric contraction, V_ E/V_ CO2 slope = linear regression of the ratio between the increase in
minute ventilation (V_ E) and the expired carbon dioxide flow (V_CO2), V_O2peak = peak oxygen uptake, V_O2VT = oxygen uptake at ventilatory threshold, WRpeak = peak power on cycle
ergometer, WRVT = power at ventilatory threshold.

a Data converted.
b n = 17.
c n = 16.

48 Gravier et al: Prehabilitation density before NSCLC surgery
undergo their planned surgery. Routine referral of all NSCLC patients
to prehabilitation programs may incur expenditure on patients
whose planned surgery does not eventuate. However, the clinical
benefits that were intended to overcome the surgical and
–4 –2 0 2 4

Between-group difference (ml/kg/min)

Favours control Favours dense prehabilitation

–3 –1 1 3

Figure 2. Mean between-group difference (95% CI) between the experimental group
(dense regimen; five sessions/week for 3 weeks) and the control group (standard
regimen; three sessions/week for 5 weeks) in change in peak oxygen uptake (V_ O2peak)
after the prescribed 15-session prehabilitation program. The two-sided 95% CI (20.1 to
2.6) spanned from close to 0 (no between-group difference) to greater than the pre-
specified smallest worthwhile effect of 1.75 ml/kg/min, indicating similar or better
benefits from the dense training regimen relative to the control regimen.
postoperative stress will help a patient to better tolerate other
therapeutic strategies, as suggested by the positive effects of exercise
training on exercise capacity and disease-specific health-related
quality of life for patients with advanced lung cancer.37 Future work
should consider long-term follow-up and analysis of cost-
effectiveness in order to answer this issue.

Our current results show that prehabilitation sessions can be
provided more frequently in a shortened regimen with similar or
better efficacy in people with NSCLC. This could increase the number
Table 4
Characteristics of participants’ surgery.

Characteristic All
(n = 26)

Exp
(n = 13)

Con
(n = 13)

Surgical approach, n (%)
VATS/RATS 20 (77) 12 (92) 8 (62)
thoracotomy 6 (23) 1 (8) 5 (39)

Type of surgery, n (%)
pneumonectomy/bilobectomy 3 (12) 0 (0) 3 (23)
lobectomy 12 (46) 5 (39) 7 (54)
wedge/segmentectomy 11 (42) 8 (62) 3 (23)

Con = control group, Exp = experimental, RATS = robot-assisted thoracoscopic surgery,
VATS = video-assisted thoracoscopic surgery.



Table 5
Postoperative complications.

Complications Exp
(n = 13)

Con
(n = 13)

Type, n
subcutaneous emphysema 0 1
arrhythmia 0 0
air leak . 5 d 1 0
pneumonia 1 1
atelectasis 0 1
ARDS 0 1

Clavien-Dindo classification, n
I 0 1
II 2 1
IIIa 0 1
IVa 0 1

ARDS = adult respiratory distress syndrome, Con = control group, Exp = experimental
group.
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of patients with postoperative risk who can be referred for pre-
habilitation, despite short presurgical delays.

This study had several strengths, including compliance with the
pre-registered protocol, concealed allocation, blinded assessment of
the primary outcome, intention-to-treat analysis and reporting ac-
cording to the CONSORT recommendations. Moreover, we provided a
clinical interpretation of each estimate based on the relative mean
between-group difference and its confidence interval. One limitation
was that the physiological mechanisms behind the obtained benefits
remain to be explored. For both training modalities, the duration can
be considered as short with regards to the magnitude of physiological
modifications mostly observed in longer periods of rehabilitation in
patients with COPD.38 Improvements in muscle strength are
described as a combination of neurological and morphological fac-
tors, with a predominance of neurological factors during the first
weeks of training.39,40 However, there are no electromyographical or
biological data to support this assumption. In terms of external val-
idity, the results can be transposed to outpatient prehabilitation
programs; however, their validity with regard to inpatient or home-
based programs is limited.

In conclusion, the effects of a prehabilitation program of 15 ses-
sions performed in a 3-week regimen with five sessions per week are
similar to or better than the effects of a 5-week regimen with three
sessions per week on cardiorespiratory fitness in patients with
NSCLC. Further work is needed to clarity whether such a condensed
prehabilitation program leads to superior benefits in people with
scheduled lung resection surgery for NSCLC.
What was already known on this topic: Lung resection is
currently the recommended curative treatment for early-stage
non-small cell lung cancer. Prehabilitation (which involves exer-
cise, education and support) is increasingly being used to phys-
ically prepare these patients for surgery. The prehabilitation
regimen must consider both the need for rapid surgery and the
need to provide a sufficient training load to obtain physiological
benefits and thereby reduce the risk of postoperative
complications.
What this study adds: In people with non-small cell lung
cancer, a course of prehabilitation can be provided with greater
frequency in a shortened regimen, with similar or better efficacy.
This could increase the number of patients with postoperative
risk who can be referred for prehabilitation, despite short pre-
surgical periods.

Footnotes: a Ergoline 900, GmbH, Bitz, Germany.
b Vyntus CPX, Vyaire Medical, Mettawa, USA.
c Masterscreen, Jaeger, Wittsburg, Germany.
d POWERbreatheKH2, HaB International Ltd, Southam, UK.
e Bodystat® 1500MDD, Bodystat, Douglas, Isle of Man, UK.
f MicroFET2®, Hoggan Health Industries, West Jordan, USA.
g GraphPad Prism 8 software, GraphPad Software, San Diego, USA.
eAddenda: Table 3 can be found online at https://doi.org/10.1016/j.
jphys.2021.12.010.
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