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ABSTRACT

Introduction Patients with metastatic non-small cell
lung cancer (MNSCLC) suffer from numerous symptoms
linked to disease and treatment which may further
impair the patient’s overall condition. In addition to its
benefits on quality of life and fatigue, physical exercise
may improve treatment response, notably due to its
known effects on the immune system. The ERICA study
is designed to assess the feasibility of a supervised
acute physical exercise therapy realised immediately
prior immune-chemotherapy infusion in patients with
mNSCLC. Secondary objectives will examine the effects
of acute exercise combined with an unsupervised home-
walking programme on clinical, physical, psychosocial and
biological parameters.

Methods and analysis ERICA is a prospective,
monocentric, randomised controlled, open-label
feasibility study conducted at the Centre Léon Bérard
Comprehensive Cancer Center (France). Thirty patients
newly diagnosed with mNSCLC will be randomised (2:1
ratio) to the ‘exercise’ or the ‘control’ group. At baseline
and during the last treatment cycle, participants in both
groups will receive Physical Activity recommendations,
and two nutritional assessments. In the exercise group,
participants will receive a 3-month programme consisting
of a supervised acute physical exercise session prior to
immune-chemotherapy infusion, and an unsupervised
home-based walking programme with an activity tracker.
The acute exercise consists of 35 min interval training at
submaximal intensity scheduled to terminate 15 min prior
to infusion. Clinical, physical, biological and psychosocial
parameters will be assessed at baseline, 3 and 6 months
after inclusion. Biological measures will include immune,
inflammatory, metabolic, oxidative stress biomarkers and
molecular profiling.

Ethics and dissemination The study protocol

was approved by the French ethics committee

(Comité de protection des personnes lle de France

I, N°ID-RCB 20.09.04.65226, 8 December 2020).

The study is registered on ClinicalTrials.gov (NCT
number:NCT04676009) and is at the pre-results stage.
All participants will sign an informed consent form. The

Strengths and limitations of this study

» This study is the first to assess the feasibility ef-
fects of acute physical exercise performed within 1
hour prior to immunotherapy (pembrolizumab) and
chemotherapy (platinum-based doublet) infusion in
patients with metastatic non-small cell lung cancer
(mNSCLC).

» Cardiorespiratory fitness will be measured by eval-
uating the submaximal oxygen consumption con-
dition during a submaximal endurance test on a
cycle-ergometer at baseline and this test will allow
individualisation of the intensity of the acute physi-
cal exercise programme.

» The feasibility study assesses the acute physiologi-
cal, immune and metabolic response to a supervised
acute moderate intensity physical exercise session
in patients with mNSCLC.

» The unsupervised home-based walking programme
in the intervention arm aims to increase the level of
physical activity in patients with mNSCLC and their
cardiorespiratory fitness and physical capacity to
perform acute physical exercise prior to chemoim-
munotherapy infusion.

» The study concerns only one stage of lung cancer,
participants must be eligible to immunotherapy and
it is a study with a limited sample size (n=30).

findings will be disseminated in peer-reviewed journals
and academic conferences.

INTRODUCTION

Non-small cell lung cancer (NSCLC)
accounts for approximately 80%-90% of
lung cancers.' > More than half of NSCLC
are diagnosed at advanced stages due to
their asymptomatic nature at early stage
explaining their poor survival. The develop-
ment of immunotherapy in first-line therapy
with anti-PD-1 and anti-PD-L1 has changed
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the first-line treatment algorithm of advanced NSCLC.!
The anti-PD-1 pembrolizumab and cemiplimab clearly
improve the overall survival in NSCLC with high PD-L1
expression (250% of tumour cells) in comparison with
cytotoxic chemotherapy. Combinations of anti-PD(L)-1
to platinum-based chemotherapy are superior to chemo-
therapy alone, independently of PD-L1 level of expres-
sion. They represent the first-line gold-standard when
PD-L1 is expressed in less than 50% of tumour cells
and might reduce the risk of early disease progression
in comparison with pembrolizumab when PD-L1 >50%.
Immunotherapy has significantly improved the prog-
nosis of patients with mNSCLC and has led to prolonged
remissions in some patients especially for non-squamous
cell carcinoma in the KEYNOTE-189 trial.” * Despite
these therapeutic advances, metastatic lung cancer has a
negative impact on patients’ physical, psychological and
social functioning including health-related quality of life
(HRQoL.).”™ Principal reported symptoms and adverse
effects from treatment are fatigue, nausea and vomiting,
pain, dyspnoea, insomnia, appetite loss and financial
concerns.

Benefits of physical exercise defined as planned, struc-
tured, repeated and purposeful physical activity (PA) to
improve physical fitness'’ have been widely demonstrated.
In patients with lung cancer, physical exercise has been
shown to improve aerobic capacity (VO, . ), muscular
strength, functional capacity,'' sleep quality,'> PA level,"
some fatigue domains,'* anxiety, disease-specific global
HRQoL" and emotional well-being in patients with
cancer.'® Several studies in patients with lung cancer have
reported the potential of physical exercise to limit or even
reverse some of the adverse effects induced by the disease
and its treatment."” While regular PA is recommended
in patients with cancer, no specific recommendations
exist for patients with lung cancer or metastatic disease.'®
In addition, few studies have examined the interactions
between transient physiological changes caused by acute
exercise, thatis, a single physical exercise bout, and cancer
treatments.'” Immunomodulatory effects of acute phys-
ical exercise involve immune cell mobilisation in blood
such as neutrophils, subsets of monocytes or lympho-
cytes involved in the host defence against tumours seem
to improve immunosurveillance.”” Acute physical exer-
cise leads to a rapid increase in the mobilisation of the
peripheral activity of the subpopulation of CD56"™ NK
cells during acute physical exercise of light to moderate
intensity.”! * A preclinical study reported that exercise
training (voluntary running), through activation of
epinephrine and IL-6, led to selective NK cell mobilisation
and limited tumour growth of several types of tumours
(melanomas, liver, and lung mouse models) 2 In a recent
study, the increase in PD-1+CD8+ T cells was observed
after a single exercise session.”* At the level of the adap-
tive immune system, acute exercise results in transient
biphasic changes, that is, increase of circulating lympho-
cytes during and immediately after exercise, followed by
a transient decrease of blood lymphocytes below baseline

level during recovery from exercise (1 hour), thought
to be due to a redistribution of immune cells to periph-
eral tissues, including tumours, before return to basal
level within a few hours.”® * Moreover, recent preclinical
studies suggested that physical exercise performed during
chemotherapy infusion may have additional physiolog-
ical benefits such as increase the blood flow leading to
improved intratumoral perfusion and enhanced drug
delivery.”**® However, to date, the optimal timing, dura-
tion and intensity of exercise that is feasible and produces
clinically meaningful changes in tumour perfusion and
immunomodulatory effects, needs to be determined.”
Most of the available evidence on the benefits of physical
exercise in patients with cancer has been observed in inter-
ventions performed either after the treatment or during
the interval between the chemotherapy cycles.”” Only two
studies have evaluated the feasibility of low-intensity phys-
ical exercises during the chemotherapy infusion without
adverse events, interference with chemotherapy or exacer-
bation in symptoms.”’*' Recently, it has been suggested in
preclinical studies that exercise performed during chemo-
therapy infusion could lead to improved perfusion of solid
tumours, mitigating tumour hypoxia and enhancing drug
delivery to tumours.?*#”* Similarly, by its effect on immune
regulation, physical exercise prior to infusion may poten-
tiate the effect of the immunotherapy. Recent preclinical
evidence has suggested a beneficial effect of exercise in
addition to immunotherapy (anti-PD-1 immunotherapy)
in a murine model of NSCLC, through increased necrosis
and a decreased proliferative index of tumour cells.”

Based on these findings, the main objective of the ERICA
(Exercise inteReaction Immunotherapy Chemotherapy
and cAncer) feasibility study is to evaluate the feasibility of
a supervised acute physical exercise performed immedi-
ately prior to immunotherapy and chemotherapy infusion
(ie, a combination of pembrolizumab and pemetrexed-
cisplatin or carboplatin for non-squamous cell carcinoma
or paclitaxel-carboplatin for squamous cell carcinoma) in
first-line treatment of patients with metastatic NSCLC and
to assess if this planned exercise dose is safe and tolerable
in this target patient population. The secondary objectives
are to evaluate the effects of the supervised acute exercise
before first-line treatment administration combined with
an unsupervised home-based walking programme on
(1) physical fitness, (2) PA level and sedentary lifestyle,
(8) psychosocial factors (HRQoL and fatigue), (4) sleep
quality, (5) body composition, (6) sarcopaenia, (7) treat-
mentresponse, (8) treatment completion rate, (9) related
treatment toxicities and (10) progression-free survival.
Furthermore, this feasibility study will generate data on
the effect of this exercise intervention on immune, meta-
bolic and inflammatory biomarkers as well as oxidative
stress.

METHODS

Study design

ERICA is a prospective, monocentric, randomised
controlled, open-label feasibility study, conducted at
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the Centre Léon Bérard Comprehensive Cancer Centre
(Lyon, France).

Study population

Inclusion criteria

Participants will have to meet all of the following eligi-
bility criteria: (1) aged =18 and <80 years; (2) diagnosed
with a histologically confirmed metastatic NSCLC without
EGFR mutation/ALK rearrangement; (3) eligible to
receive firstline chemotherapy according to histology
(pemetrexed-cisplatin or carboplatin for non-squamous
cell carcinoma or paclitaxel-carboplatin for squamous
cell carcinoma) in combination with pembrolizumab;
(4) Eastern Co-operative Oncology Group performance
status <2; (5) able to engage in PA attested by a medical
certificate by an oncologist and (6) provide a dated and
signed informed consent form before study enrolment.

Exclusion criteria

Patients will not be eligible in at least one of the following
cases: (1) bone metastases with risk of fractures or
unconsolidated pathological fractures; (2) contrain-
dication to the physical exercise proposed in this study
(eg, orthopaedic disorder such as disabling coxarthrosis
or gonarthrosis, central nervous system disorders); (3)
history or coexistence of other primary cancer (except
in situ cancer regardless of the site and/or basal cell
carcinoma and/or non-lung cancer in complete remis-
sion for more than 5 years); (4) severe undernutrition
defined according to the French National Authority for
Health (ie, for adults aged 218 years and <70: body mass
index (BMI) <17, weight loss 210% in 1 month, 215%
in 6 months or 215% compared with the usual weight
before the disease diagnosis or serum albumin <30
g/L; for adults aged 270 years: BMI <18, weight
loss 210% in 1 month or 215% in 6 months or serum
albumin <30 g/ L);** (5) severe anaemia (haemoglobin<
80 g/L) in the past 30 days prior to enrolment; (6)
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history of cardiovascular disease or cardiovascular risk
(ie, chronic or poorly controlled coronary heart disease,
peripheral arterial disease, cardiac arrhythmia, symp-
tomatic heart disease, uncontrolled or untreated arte-
rial hypertension, myocardial infarction diagnosed in
the past 6 months, coronary angioplasty with or without
stent implantation in the past 6 months, coronary artery
bypass surgery in the past 12 months); (7) history of type
2 diabetes or glycated haemoglobin >7% in the past 3
months prior to enrolment; (8) stage IV chronic obstruc-
tive pulmonary disease (forced expiratory volume in one
second (FEV,) <30%).

Recruitment

Participants will be recruited in Centre Léon Bérard,
Lyon, France from December 2020. Eligible patients will
be screened systematically based on electronic medical
record during weekly multidisciplinary lung cancer
board meetings, as seen in figure 1. During a medical
consultation before treatment initiation, an oncologist
will propose the study to eligible patients and explain
the study objectives and protocol. Once the written
informed consent is signed, patients will undergo the
following screening tests prior to inclusion: (1) clinical
examination including assessing performance status (PS)
and blood pressure, (2) echocardiography and ECG
performed by a cardiologist and (3) for patients with
diabetes, measurement of glycated haemoglobin. If these
investigations confirm the patient’s eligibility, the patient
will be included in the study (DO0). The end date for this
study is planned in January 2023.

Randomisation

At inclusion (DO), patients will be randomly assigned
(ratio 2:1) to (i) the exercise group to receive PA and
nutrition recommendations; a supervised acute physical
exercise prior each immuno-chemotherapy infusion and
an unsupervised home-based walking programme with an

Intervention Follow-up
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activity tracker or (ii) the control group to receive PA and
nutrition recommendations only.

Randomisation will be stratified using a dynamic mini-
mization algorithm with two factors: sex (male vs female)
and histology (squamous vs non-squamous).

Intervention

Treatment protocol

All patients in both exercise and control groups of this
study will receive usual care and the same standard treat-
ment protocol: pembrolizumab (200 mg) combined with
carboplatin (AUC 5) plus pemetrexed (500 mg/m?) with
B9-B12 vitamin supplementation; carboplatin (AUC 6)
plus paclitaxel (200 mg/m?) every 3 weeks for four cycles;
before pembrolizumab maintenance in squamous cell
carcinoma or pembrolizumab plus pemetrexed mainte-
nance for non-squamous cell carcinoma.

Physical activity recommendations

Although there are no specific PA recommendations for
patients with mNSCLC, all patients will be informed of
the PA recommendations to be physically active as much
as possible during the day, walking as much as possible
and sitting as little as possible (WCRF, 2018). We have
chosen to follow the recommendations of the Macmillan
Cancer Support guide released in 2018, advising patients
with bone metastases to have an active lifestyle on a daily
basis and to maintain appropriate PA according to their
physical abilities.” Several individual strategies will be
proposed to patients (eg, using stairs whenever possible,
walking to local shops).

Nutritional recommendations

All patients will receive nutritional recommendations
during the first and fourth treatment cycle. The nutri-
tional recommendations will include: energy intake of 30
kcal/kg body weight/day for patients with BMI <30 or 25
kcal/kg body weight/day for patients with BMI 230 and
protein intake of at least 1.2 g/kg body weight/day.” 57

Exercise group
Acute physical exercise protocol prior to immunotherapy and
chemotherapy infusion
Patients in the ‘exercise’ group will perform a supervised
acute physical exercise bout during hospitalisation for
treatment. It will be carried out within 1 hour prior to
the immunotherapy and chemotherapy infusion, on a
cycle ergometer (Monark Ergomedic 939 Novo) for each
of the four cycles of treatment foreseen. The physical
exercise will be supervised by a clinical exercise physiol-
ogist with experience in oncology. The physical exercise
consists of a 35 min acute interval training, scheduled to
terminate 15 min prior to infusion onset and will be indi-
vidualised based on the results of a submaximal endur-
ance test performed on a cycle ergometer by each patient
(described below) prior to treatment (DO0).

Following a 5 min warm-up at 60% of ventilation
threshold 1 (VT1), the participant will carry out five sets,
alternating periods of 3 min at 70%-80% of VT1 with 3

min at 110%-120% of VT1 (235 revolutions per minute
(RPM)). The acute exercise intensity will be programmed
according to the load reached at VI1 during the cycle
ergometer endurance submaximal test. Heart rate (HR),
load, RPM, dyspnoea and perception of effort on a Borg-
scale will be monitored. If the patient is no longer able
to cycle at the load corresponding to 120% of his VT1,
the clinical exercise physiologist will decrease the load to
110% of VT1. In case of exercise-induced desaturation
(24% of the measured value at rest or <93%), the clin-
ical exercise physiologist will stop the exercise until the
rest value of oxygen saturation. In addition to detailed
explanation by the qualified clinical exercise physiolo-
gist, patients receive written support materials at baseline
(DO).

Home-based walking program

During the 3-month intervention, between each treat-
ment cycle (3 weeks), patients will follow an unsupervised
home-based walking programme consisting of an indi-
vidual goal of a number of steps per day. Each patient
will receive a Fitbit Inspire activity tracker with an instruc-
tion to wear it continuously during the intervention. They
will be advised to achieve at least 6000 daily steps which
corresponds to a physically active lifestyle in a patient
population.” Ten days after each treatment cycle, the
clinical exercise physiologist will contact the patients by
phone to assess and encourage adherence to the home-
based walking programme. Depending on the average
number of steps performed in the past 10 days, person-
alised objectives might be redefined to increase the target
number of daily steps. For patients who reach more than
6000 steps per day, the initial target number of 6000 steps
will be increased by 30%. The target number of steps was
set within a maximum of 7800 steps above the average
number of steps in the previous week. Patients who do
not reach 6000 daily steps will be advised to gradually
increase the target number of steps per day according to
the patient’s abilities. Number of steps will be collected by
regular sync with the mobile phone application (Fitbit) of
the activity tracker or by a step logbook.

Evaluations

Modalities

The assessments of the repeated measures (PA level,
anthropometric, HRQoL, fatigue, sleep quality and sarco-
paenia) in both groups will be performed before the first
cycle of antineoplastic treatment (baseline, DO0), at the
end of the four cycles of treatment (M3) and at 6 months
after study inclusion (M6) (table 1).

Data collection

Sociodemographic and clinical data

Sociodemographic and clinical data including gender,
date of birth, living situation, employment status, life-
style (alcohol consumption and smoking status) will be
collected at baseline. All clinical data will be extracted
from the participant’s electronic medical record. The
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Table 1 Data collection schedule for the ERICA study

Screening

Inclusion First cycle Fourth cycle Month 3 Month 6
Do (07 ] Cc4 M3 M6

Sociodemographic and clinical data

Screening tests (PS, blood Pressure, X
echocardiography, ECG)

Sociodemographic data (gender, date of birth,
living situation, employment status, lifestyle)

Clinical data

Severe treatment toxicities (grade>3) (NCI-
CTCAE)

Tumour response (RECIST)
Physical evaluation
Anthropometrics

Physical fitness (Cardiorespiratory fitness,
strength tests)

Self-reported outcomes

Physical activity level (GODIN)
Quality of life (QLQ-C30, QLQ-LC13)
Dietary intake (24 hours recall)
Fatigue (QLQ-FA12)

Sleep quality (/SI)

Social deprivation (EPICES)
Acceptability ERICA

Biological assessments

Blood sample

Body composition

CT scan

Exercise group

Steps per day

Number of acute physical exercise sessions

Continuously X

x
x

x
x

x

Continuously
Continuously X

Response Evaluation Criteria In Solid Tumours (RECIST)
will be used for tumour assessments between the diag-
nosis and the end of the ERICA study.

Anthropometric data

Anthropometric data including body weight (kg), height
(cm), waist (cm) and hip (cm) circumference will be
collected. Waist circumference will be measured around
the abdomen midway between the last floating rib and
the iliac crest. Hip circumference will be measured hori-
zontally through the upper margin of the pubis. The BMI
is calculated as the body weight in kilograms divided by
the square of the height in metres.

Physical fitness

Cardiorespiratory fitness will be measured by evalu-
ating the submaximal oxygen consumption (VO,)
condition during a submaximal endurance test on a
cycle-ergometer at baseline. This test will allow individ-
ualisation of the intensity of the acute physical exercise

programme. Following a 5 min warm-up at 20% of the
participant’s maximum theoretical load, power will be
increased by a constant amount of 5 W each 30 s until
VT1 will be reached. The clinical exercise physiologist
will ensure that the patient maintains a minimum pedal-
ling frequency above 35 RPM throughout the test. HR,
ventilation (VE), oxygen saturation (SaO,), VO, and
carbon dioxide production (VCO,) will be measured by
a gas analyser (MetaMax 3b, Cortex Biophysik, Leipzig,
Germany) and continuously monitored. In addition,
the perception of the difficulty and dyspnoea will be
evaluated at the end of the test using the Borg Rating
Perceived Exertion questionnaire.” The clinical exercise
physiologist will stop the test when the patient exceeded
the VT1. The test will end with a 6 min recovery phase.
The VT1 will be determined graphically when the venti-
latory equivalent of oxygen (VE/VO,) starts to increase
and will be confirmed by respiratory exchange ratio that
strictly exceeds 1 (Wasserman method).
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The lower body muscular strength will be evaluated by
measuring the maximum isometric strength of the knee
extensors (DFS II Series Digital; Force Gauges Chatillon,
Largo, Florida, USA). Participants will be seated on a
chair with the knee joint at 90°, arms crossed over the
chest and the dynamometer attached to the ankle. Partic-
ipants were advised to extend their leg as hard as possible
within 3 s on the instructor’s signal. Only the dominant
leg will be tested three times (with 2 min rest between
each contraction), and the best performance will be
considered.

The maximum isometric upper limb strength will be
measured by a hand dynamometer (Jamar Plus Digital
Hand Dynamometer, Patterson Medical, Huthwaite,
United Kingdom).”*™*! Participants will be seated with
their back straight and elbows bent at 90°. They will be
asked to squeeze the handgrip as strongly as possible for
5 s to achieve maximum strength. Two measurements will
be taken on each hand and the best performance will be
recorded. Hand grip strength is an easy and non-invasive
method, well tolerated and routinely used in patients with
cancer to assess muscle strength and physical fitness.*

Physical activity level

The PA level will be measured by the Godin Leisure-
Time Physical Activity Questionnaire (GLTAPQ).*’ The
GLTAPQ is a short, self-administered questionnaire with
three questions designed to obtain information on the
number of times an individual engages in low, moderate
and intense ‘leisure-time PA’ periods of at least 15
min during a typical week. The score of the GSLTPAQ
(Leisure Score Index, LSI) will be obtained by using the
following formula: (light PA frequencyx3) + (moderate
PA frequencyx5) + (vigorous PA frequencyx9). People
with LSI>24 will be classified as active, while people with
LSI<23 will be classified as insufficiently active (estimated
energy expenditure<l4 kcal/kg/week). The level of PA
will be investigated by the change of a daily number of
steps thanks to the activity tracker (only in the interven-
tion group).

Lean body mass and sarcopenia

Lean body mass (LBM) and sarcopaenia will be analysed
using the CT scans systematically available from routine
care. CT scan cross-section at the level of the third
lumbar vertebra provides a reliable representation of the
total body muscle mass and has therefore been widely
adopted for the detection of sarcopaenia in patients
with cancer and allows assessment without additional
ionising radiation exposure given that CT scans as part
of routine cancer diagnostic procedures is largely avail-
able.* ® The thresholds for identifying muscle range
from -29 to +150 Hounsfield Units (HU), subcutaneous
and intramuscular adipose tissue from -190 to -30 HU,
visceral adipose tissue from -150 to -50 HU and bone
from +152 to 1000 HU."** Skeletal muscle radiodensity
(SMD) that represents muscle quality will be measured
using the average radiation attenuation of the tissue in

HU. A low SMD is defined by values below the threshold
of 37.8 HU. An estimate of LBM will be calculated using
the formula (LBM (kg) = [(L3 Muscle measured by CT
(cm?)x0.3)+6.061).*

Nutrition

Dietary intake (24 hours recall, supplemented with
patient preferences and habits), clinical (weight loss,
BMI) and biological (albumin and CRP) parameters will
be assessed by clinical dietitians affiliated with the study.
The dietician will use the SEFI (Score d'Evaluation Facile
des Ingesta EPA). The score ranges from 0 to 10. Patients
with a SEFI score below 7 will be identified as at risk of
undernutrition.”

Health-related quality of life

The European Organisation for Research and Treatment
of Cancer (EORTC) Quality of Life Questionnaire (QLQ-
C30) is a validated multidimensional HRQoL question-
naire designed for patients with cancer,”' consisting of 30
items to assess five domains of functioning (physical, role,
emotional, cognitive and social), one domain of overall
quality of life, three domains of symptoms (pain, fatigue
and nausea) and six single items (dyspnoea, insomnia,
anorexia, diarrhoea, constipation and financial impact).
Participants will respond on a Likert scale ranging from
‘not at all’ to ‘a lot’. All scores will be transformed into
a scale from 0 to 100 according to the performance of
the EORTC scoring manual.”® A high score represents
better functioning, better overall quality of life and lower
symptom burden. Quality of life specific to lung cancer
will be assessed by the 13-item module: the Quality of Life
Questionnaire-Lung Cancer 13 (QLQ-LC13).> * The
QLQ-LCI3 self-questionnaire is an additional measure
of the symptoms and side effects experienced by patients
with lung cancer who receive non-surgical treatment.

Fatigue

Fatigue will be assessed by the EORTC-QLQ module
measuring cancer-related fatigue (EORTC QLQ-FA12).%*
This self-questionnaire includes 12 items that assess phys-
ical, cognitive and emotional fatigue related to cancer.
Participants will respond on a Likert scale ranging from
‘not at all’ to ‘a lot’. All scores will be transformed into
a scale from 0 to 100, with a higher score indicating a
higher degree of fatigue.

Sleep quality

The perceived quality of sleep will be assessed by the
Insomnia Severity Index which measures the severity of
insomnia. The questionnaire consists of seven items rated
on a b5-point scale ranging from 0 (‘none’) to 4 (‘very
severe’).”® % This self-questionnaire will evaluate the
severity of the patient’s sleep difficulties (initial, mainte-
nance and morning insomnia), the degree of sleep dissat-
isfaction, the level of interference with daily functioning,
the degree of appearance of sleep difficulties and the
level of anxiety related to insomnia. The total score of
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the items varies between 0 and 28. A high score indicates
greater sleep difficulties.

Social vulnerability

Social deprivation will be assessed using the EPICES
score (Evaluation of Deprivation and Inequalities in
Health Examination Centres) 5" The EPICES score will be
obtained by adding up the points of the 11 binary ques-
tions (‘Yes’/‘No’) of the self-questionnaire. This score
ranges from 0 ‘no precariousness’ to 100 ‘highest precari-
ousness’ with the threshold for deprivation at 30.

Biomarkers of the immune system, inflammation, sarcopaenia and
oxidative stress

Blood samples will be collected during the first and last
(forth) treatment cycle: in the exercise group, samples
will be collected before exercise (S1), after exercise (S2)
and 12 hours after the start of treatment (S3); in the
control group: samples will be collected 40 min before
the infusion of treatment (S1), just before the infusion of
treatment (S2) and 12 hours after the start of treatment
(S3). Blood test procedures will follow laboratory stan-
dards. Each blood sample will be collected in 3x10 mL
Ethylenediaminetetraacetic acid tubes and then centri-
fuged (10 min at 800G) within 1 hour (maintained at 4°C
before and during centrifugation). After the centrifuge,
plasma will be collected and aliquoted in five cryotubes
of 1 mL and the peripheral blood mononuclear cell
(PBMC) will be collected and aliquoted in three cryo-
tubes (5-7 million cells per tube). These cryotubes will
be frozen at -80°C and stored in nitrogen at the centre
for the duration of the study. At the end of the study,
biomarkers of immunity, sarcopaenia and inflammation
will be analysed. We will measure (i) immune biomarkers
(NK cells, B lymphocytes, T lymphocytes, monocytes,
subpopulations of dendritic cells on frozen PBMC); (ii)
plasma biomarkers of sarcopaenia and inflammation
(myostatin, activin, cortisol, tumour necrosis factor-.,
interferon-y, interleukin-1P, interleukin-6, follistatin,
growth differentiation factor 5, bone morphogenetic
protein 14, gdfl5, interleukin-10, interleukin-15, NH3,
aminogram, C reactive protein, insulin) and (iii) plasma
oxidative stress (superoxide dismutase, catalase, malond-
ialdehyde, glutathione peroxidase, xanthine myeloperox-
idase and xanthine oxidase). Finally, the blood samples
will also be used to analyse the glucose (OneTouch Verio)
and lactate (LACTATE PRO II) metabolism by a mobile
device. Patients will be asked to complete a questionnaire
regarding the taking of antibiotics, anti-inflammatory and
antioxidants in the 48 hours prior to blood collection.

Toxicities

Severe treatment toxicities (grade>3) will be noted
according to the National Cancer Institute’s Common
Terminology Criteria for Adverse Events (NCI-CTCAE)
V.5.0. The number of rescheduled or cancelled treatment
sessions and the relative dose intensity (RDI) of partic-
ipants with grade>3 toxicities related to chemotherapy

and immunotherapy will be calculated as the ratio of
‘delivered’ to ‘expected’ dose intensity.

Statistical analysis

Sample size

The main objective of the current study is to evaluate
the feasibility of an acute physical exercise programme
performed prior to the infusion of treatments in patients
with mNSCLC, and to assess if this planned exercise dose
is safe and tolerable in this target patient population.™
In the context of a feasibility study without a concrete
hypothesis and in absence of previous studies in this popu-
lation, the sample size was defined empirically. Taking
into account the number of patients with mNSCLC who
receive first-line chemotherapy (ie, pemetrexed-platinum
or taxol-platinum) combined with Pembrolizumab each
year in Centre Léon Bérard (Lyon), we plan to include
30 patients over a 18-month period. This number will be
sufficient to assess if the planned exercise dose is safe and
tolerable in this target patient population, and the sample
size falls within the range of sample sizes recommended
in the literature for feasibility trials.”’

Although the main objective is to study the feasibility of
physical exercise prior to the infusion of treatments, the
evaluation of the biological objectives requires random-
ization to have reference measures. We have chosen to
unbalance the randomization (2:1) so that more patients
will benefit from the intervention proposed in the ERICA
study.

Statistical methods

All statistical analyses will be on an exploratory basis on
all data from study subjects. Given the limited sample size,
non-parametric tests will be performed. Qualitative data
will be presented using their frequencies and percent-
ages. Quantitative data will be presented using the
number of observations, mean, SD, median, minimum
and maximum. For both types of data, the number of
missing data will be presented if necessary.

The feasibility of the ERICA study will be assessed at the
end of the intervention (M3) in the exercise group only,
according to the adherence rate by calculating the ratio of
the number of acute physical exercise sessions performed
to the number of acute physical exercise sessions planned
before the immunotherapy/chemotherapy. The tolera-
bility will be assessed by the RDI of exercise. The safety will
be assessed by the occurrence of adverse events related to
the physical exercise intervention. The acceptability (ie,
the proportion of patients who accept to participate in
the study among eligible patients) and the attrition (ie,
the proportion of patients who withdraw their participa-
tion from the study among patients initially enrolled) will
be calculated. In the exercise group, the acceptability of
the activity tracker, the observance of the home-walking
programme and the safety of the intervention (the
number, type and timing of adverse events that occurred)
will be assessed.
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The evolution of the different repeated measures (PA
level, anthropometric, HRQoL, fatigue, sleep quality
and sarcopaenia) at inclusion, 3 and 6 months will be
represented by graphs and compared by non-parametric
ANOVAs (performed on ranks).

Progression-free survival will be measured from the
date of randomisation until the date of event defined as
either progression or death from any cause whichever
occurs first. Participants with no event at the time of the
analysis will be censored at the date of the last available
tumour assessment.

The results will allow to formulate the hypotheses and
determine sample size for a subsequent multicentre
randomised efficacy study.

Statistical analyses will be carried out using R statistical
software.”

Data monitoring

The database for clinical data will be managed using
REDCap (Research Electronic Data Captulre)61 2 software
hosted at CLB. The access to the database will be secured
(personal ID and password required) with different levels
of security depending on the role within the study. The
investigator will have access to the final dataset.

PATIENT AND PUBLIC INVOLVEMENT

Prior to the present study, we administrated a question-
naire to patients with lung cancer to collect their expe-
rience and preferences in terms of PA to practice during
cancer treatments. The results were used to develop the
ERICA PA intervention. As it is a feasibility study, the find-
ings will be used to adjust the intervention if necessary for
the purpose of an efficacy randomised controlled trial.
Global findings will be disseminated to participants at the
end of the study if they wish.

ETHICAL AND DISSEMINATION

The study protocol has been approved by a French ethics
committee CPP Ile de France IT (IDRCB: 20.09.04.65226)
and the study database has been reported to the National
Commission for Data Protection and Liberties (CNIL;
reference number: 2016177). The study has been regis-
tered at reference number: NCT04676009.

DISCUSSION

To our knowledge, ERICA is the first study to assess the
feasibility and effects of acute physical exercise performed
within 1 hour prior to immunotherapy (pembrolizumab)
and chemotherapy (platinum-based doublet) infusion
in patients with mNSCLC. Despite therapeutic advances,
notably immunotherapy combined with chemotherapy,
the prognosis of many patients with mNSCLC continues
to be poor, and disease burden, cachexia, comorbidi-
ties and treatment side effects lead to deconditioning
and adversely affect exercise capacity in people with

advanced NSCLC."” % Conversely, evidence from meta-
analyses suggests that exercise training in patients with
advanced lung cancer could be feasible and safe with
no serious adverse events reported and may improve or
avoid the decline of physical capacity.'” * However, the
evidence regarding the benefits of exercise in patients
with mNSCLC remains limited and there is a lack of wide-
spread awareness of the benefits of maintaining PA in this
particular population.®® ®* Furthermore, the high prev-
alence of comorbidities in patients with mNSCLC, which
may be exacerbated by the direct and indirect effects of
cancer treatment, led to exclude patients at risk of cardio-
vascular events from studies (ie, history of cardiovascular
disease; abnormal ECG and/or echocardiography) or
undernutrition.

Based on preclinical evidence of exercise in modulating
the efficacy of cancer therapy, the present study assesses
the feasibility of acute exercise of submaximal intensity in
the target population. Current evidence on the benefits
of physical exercise in patients with cancer mainly stems
from interventions performed either between the chemo-
therapy cycles or after end of treatment. Yet, a feasibility
study in patients with various tumours, mostly breast
cancer, reported that exercise (ie, 20 min of supervised
low-intensity cycling) during chemotherapy infusion
appears to be safe and feasible.” To prescribe a safe and
efficacious intensity of acute exercise intervention, we
decided to realise a submaximal cardiopulmonary exer-
cise test with a continuous gas exchange analysis. Because
of the comorbidities, the tumour location and the lack
of information about high intensity exercise effects,
the present study targets acute exercise of submaximal
intensity.

Home-based exercises are a beneficial approach to
reducing symptoms and improving exercise capacity
as well as the quality of life in patients with NSCLC.”
The unsupervised home-based walking programme in
the intervention arm aims to increase the level of PA in
patients with mNSCLC and their cardiorespiratory fitness
and physical capacity to perform acute physical exercise
prior to chemoimmunotherapy infusion.'® Also, chronic
exercise can favourably modulate inflammation and
immune-related factors.'” ”® Activity trackers are innova-
tive tools increasingly used to promote an active lifestyle
and to objectively measure the PA level of patients with
cancer.”” Trackers have been used in a randomised
controlled trial to encourage patients with mNSCLC to
maintain their PA by recommending a targeted number
of steps.”® In a previous study by the team, the use of
activity trackers has shown pertinent results in women
with metastatic breast cancer.”” ™ The combination of
these two intervention modalities (acute exercise and
unsupervised walking programme) allows us to offer an
intervention adapted to this population in order to have
sufficient physiological stimulation to observe changes in
the immune system.

The first challenge we need to overcome is that the study
concerns only one stage of lung cancer and participants
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must be eligible to immunotherapy. Next, we are looking
at the intervention reproducibility in other institutions.
Finally, it is a feasibility study with a limited sample size
(n=30). We plan to conduct a randomised controlled trial
to address the various limitations of the present study:
larger sample size, multiple lung cancer stages and to
carry out the study in several hospital institutions.

Innovation and study relevance

The ERICA study will provide clinical, physical and
psychosocial insights into the feasibility of acute exer-
cise prior to first-line chemoimmunotherapy infusion in
patients with mNSCLC. In particular, exploratory data
on the safety and tolerability of the proposed exercise
dose and schedule in the target patient population will
be obtained. This feasibility study will further generate
preliminary data on the acute physiological, immune
and metabolic response to the achieved exercise dose
in patients with mNSCLC. The ERICA study will provide
valuable information to design a large-scale adequately
powered randomised controlled trial to assess the efficacy
on clinically important endpoints (eg, progressionfree
survival) in patients with mNSCLC receiving firstline
chemoimmunotherapy.
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