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ABSTRACT
Introduction: Perioperative chemotherapy is the gold
standard treatment of the resectable gastro-
oesophageal adenocarcinoma. However, 70% of
patients cannot receive the complete sequence because
of a postoperative complication or a decrease in
functional and nutritional reserves. Recently, a new
concept appeared in digestive surgery: prehabilitation.
This interventional process consists of patient
preparation, between surgical consultation and surgery,
and is based on 3 components: (1) physical
management, (2) nutritional care and (3) psychological
care. Prehabilitation should decrease postoperative
complications and improve nutritional and physical
status during the preoperative and postoperative
periods. Therefore, it is becoming essential to evaluate
the effect of prehabilitation, compared to conventional
care, on the percentage of patients reaching the
complete oncological treatment.
Methods and analysis: The PREHAB trial aimed to
evaluate the efficacy of prehabilitation compared to
conventional care, in patients with gastro-oesophageal
cancer with perioperative chemotherapy. This trial is a
prospective, randomised, controlled, open-blind and
interventional study in 4 centres. Patients (n=60 per
group) will be randomly assigned for management
with either prehabilitation or conventional care. The
primary outcome is the percentage of patients reaching
the complete oncological treatment decided in a
multidisciplinary tumour board. The secondary
outcomes are the postoperative morbidity, disease-free
survival, overall survival, feasibility of the protocol,
length of stay, variation of the functional reserve after
the preoperative chemotherapy (defined by the VO2peak,
ventilatory threshold and 6-min walk test), preoperative
and postoperative nutritional status, preoperative
anxiety, quality of life, 30-day and 90-day mortality and
cumulative dose of cytotoxic treatment received.
Ethics and dissemination: The study was approved
by an independent medical ethics committee
(IRB00008526, CPP Sud-Est VI, Clermont-Ferrand,
France) and by the competent French authority (ANSM,
Saint Denis, France) and registered on Clinicaltrial.gov.

The results will be disseminated in a peer-reviewed
journal.
Trial registration number: NCT02780921.

INTRODUCTION
Perioperative chemotherapy is the gold
standard treatment of the resectable and
advanced gastro-oesophageal adenocarcin-
oma. The efficacy of this strategy has been
demonstrated in two randomised studies.1 2

It reduces tumour size before surgery, treats
micrometastases and evaluates chemosensitiv-
ity. Disease-free survival (DFS) and overall
survival (OS) rates were significantly
improved with perioperative chemotherapy
compared to surgery alone. However, the
limitation of these studies is that among all
patients requiring chemotherapy, almost
70% of patients did not receive the complete
sequence. This sequence is defined by the
administration of two to four cycles before
and two to four cycles after the surgery,
according to the protocol. The major cause
of absence or impossibility of realisation
of postoperative chemotherapy was the

Strengths and limitations of this study

▪ A multicentric, prospective and randomised
study.

▪ Large number of participants (n=120).
▪ Prehabilitation includes nutritional care and psy-

chological treatment.
▪ Intraoperative and postoperative protocols are

not standardised.
▪ This study includes oesophageal and stomach

cancer.
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presence of postoperative complication, postoperative
serious asthenia and impaired nutritional and physical
status.1 2 Poor physical condition assessed by cardiopul-
monary exercise testing, reflecting a reduced physio-
logical reserve, is predictive of postoperative
complications.3 4 Physical training, even during a short
period and on a various population, is beneficial in
improving physical condition, cardiopulmonary function
and muscular mass of the patient.5–8 Prehabilitation over
a 6-week period between pre-surgical clinic appointment
and surgery decreases postoperative morbidity and the
hospital stay in cardiovascular surgery, but no study has
ever been performed in patients presenting with gastric
or oesophageal cancer.7 9–11

Prehabilitation revolves around three axes: (1) phys-
ical training based on initial cardiopulmonary exercise
testing (VO2peak, ventilatory threshold (VT) and 6 min
walk test (6MWT)), three times by week, supervised by a
physical therapist; (2) nutritional care to ensure the
compliance of the nutrition programme and adapt the
nutritional management based on protein and energy
needs and on the level of spontaneous oral intake; and
(3) psychological treatment by a psychologist to reduce
preoperative anxiety. To the best of our knowledge, no
study has ever focused on gastro-oesophageal cancer.
The benefit of prehabilitation in this cancer may be par-
ticularly important because (1) this surgery is associated
with a high 90-day morbidity (40%, especially respira-
tory) and 90-day mortality (5%), (2) the physical and
nutritional status of these patients is often precarious
(cancer cachexia, gastro-oesophageal obstruction) and
(3) the need to preoperative chemotherapy declines
physical reserves and is associated with a lengthening of
the time between presurgery clinic appointment and
surgery of more than 3 months.12 Also, we hypothesise
that, in this parallel and non-inferiority study, a physical
training, personalised nutritional support and psycholo-
gist global management would results in an increase of
numbers of patients receiving their full cancer treat-
ment, by a decrease of postoperative complications and
an increase of postoperative nutritional status. The aim
of this study was to compare the percentage of patients
reaching the complete oncological treatment previously
decided in a multidisciplinary tumour board in the
group with prehabilitation to the group with conven-
tional care, in patients with gastro-oesophageal
adenocarcinoma.

METHODS AND ANALYSIS
Study setting
The present study is a prospective, randomised, con-
trolled, open and multicentric phase III trial that
compares prehabilitation (Prehab group) versus conven-
tional care (control group) in patients presenting with
gastric and low oesophageal adenocarcinoma, treated by
perioperative chemotherapy. Inclusions will be per-
formed in four French tertiary centres (figure 1).

Study objectives
In the experimental group (Prehab group), the main
objective was to demonstrate an improvement in the per-
centage of patients reaching the complete oncological
treatment fixed in a multidisciplinary tumour board.
The secondary objectives was to evaluate the effect of
the prehabilitation on the postoperative morbidity
according to the Dindo-Clavien classification and
Comprehensive Complication Index (CCI), severe mor-
bidity (Clavien >2), DFS, OS, feasibility of the protocol
(number of physical sessions realised on the 18 pro-
posed), length of stay, variation of the functional reserve
after the chemotherapy (defined by VO2peak, VT and
6MWT), preoperative and postoperative nutritional
status, preoperative anxiety, quality of life (EQ-5D
survey) at the end of the treatment, 30-day and 90-day
mortality and cumulative dose of cytotoxic treatment
received.13

Inclusion and exclusion criteria
To be included in the study, the participant is scheduled
for surgical intervention of gastric or oesophageal
adenocarcinoma and received perioperative chemother-
apy, insured under the French social security system and
have signed documents to mark their free, prior and
informed consent. Patients cannot be included in the
study for one of the following criteria: <18 years of age,
need for radiochemotherapy, treated for another cancer
within 5 years, except basal cell skin carcinoma or car-
cinoma in situ of the cervix, presenting with cognitive
disorders or major disability making impossible to
understand the study and sign the informed consent, or
being breastfeeding or pregnant. Finally, patients already
included in another clinical trial, or estimated by the
investigator to not be able to be compliant with the cri-
teria of the study, or with legal incapacity (person
deprived of liberty or subject under guardianship) will
not be enrolled in this study. Guidelines regarding stop-
ping participation are: withdrawal of patient consent,
non-compliance of the patient, adverse event and by
decision of the investigator. In case of withdrawal from
the study, the patient will be followed up and managed
normally in the digestive surgery department. The exclu-
sion period during which the patient cannot participate
in another clinical trial is 15 days before inclusion and
0 days after the end of the study.

Interventions
After the first visit to his surgeon, the patient will be pre-
sented to the multidisciplinary tumour board to validate
the inclusion criteria and to schedule the number of
cycles of preoperative and postoperative chemotherapy.
After this step, a second consultation with the surgeon
will take place to verify all inclusion and exclusion cri-
teria and perform the randomisation. For the two
groups, an initial (before chemotherapy) and final
(1-week before the surgery) evaluation will be per-
formed. The evaluation includes an exercise capacity
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evaluation by (1) an incremental symptom-limited car-
diopulmonary exercise test on a cycloergometer accord-
ing to international recommendations in order to
determine the VO2peak, and the ventilator threshold
(VT) and (2) a 6 min walk distance (6MWT) performed
according to the ATS recommendations.14 15 Moreover,
the patients will be assessed for a nutritional evaluation
(albumin), bioelectric impedance analysis, evaluation of
physical activity and ingesta, as well as evaluation of the
level of depressive symptoms and anxiety with the HADS
survey and the quality of life (5Q-FD survey).

Study group
Prehab group
Exercise intervention: The total-body exercise will
consist of up to 1 hour of supervised exercise for at least
3 days per week, for a total of 18 sessions, alternating
between aerobic and resistance training (figure 2).
Exercise intensity will be prescribed based on the target
heart rate obtained at VT during the initial CPET. The
participant will exercise in the presence of the physical
therapist who will provide corrective feedback, if
necessary.
Nutrition intervention: Initially, a nutritionist will

perform a medical examination running appropriate
biological tests to evaluate the nutritional status and to
provide individualised care to each patient. Individual
protein requirements will be calculated as 1.2 g of
protein per kilogram of body weight (adjusted body
weight was used for obese patients), as per the
European Society for Clinical Nutrition and Metabolism

(ESPEN) guidelines regarding surgical patients.16

Patients will be asked to consume the protein supple-
ment within 1 hour of their exercise regimen to capital-
ise on postexercise muscle protein synthesis.17 Then, a
dietician will assess the compliance of the nutritional
support at each cycle of chemotherapy and will adjust it
if necessary. After the preoperative chemotherapy, a
second evaluation by a nutritionist will be performed.
Psychologist intervention: Patients will receive up to a

1 hour visit with a trained psychologist who will provide
techniques aiming to reducing anxiety, such as relax-
ation exercises based on imagery and visualisation,
together with breathing exercises. Each patient will prac-
tise these exercises with the psychologist initially and at
each cycle of chemotherapy and at home two to three
times per week. Once performed, the exercises at home
will be marked on diaries. The psychologist also provides
suggestions on how to enhance and reinforce patients’
motivation to comply with the exercise and nutritional
aspects of the intervention.

Control group
The control group will be treated according to conven-
tional care and will not receive any specific intervention
before surgery except nutritional support and physio-
therapy at the surgeon’s discretion.

Study outcomes
The primary outcome is, in patients presenting with
gastric or oesophageal adenocarcinoma, the percentage
of patients in each group receiving the full perioperative

Figure 1 Consort diagram: flow chart.
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oncological treatment, previously defined by a multidis-
ciplinary tumour board. If a patient does not complete a
chemotherapy course (=event), he will be considered as
a subject who did not receive the full protocol
(chemotherapy-surgery-chemotherapy). However, a
decrease in the dose of chemotherapy or a stop of a
component of chemotherapy will not be considered as
an event.
The secondary outcomes are: postoperative morbidity

at 3 months according to the Dindo-Clavien classifica-
tion and Comprehensive Complication Index (CCI);
severe morbidity at 3 months (Clavien >2); DFS, survival
defined by the time, in years, before recurrence at 3 and
5 years after the end of the postoperative chemotherapy;
OS, defined by the time, in of the OS at 3 and 5; feasibil-
ity of the protocol defined by the percentage of physical
sessions realised on the 18 beforehand suggested in the
preoperative period; length (in days) of postoperative
stay; difference between the initial (before preoperative
chemotherapy) and final (after preoperative chemother-
apy) VO2 at the VT (mL/min/kg); difference between
the initial and final values of the VO2peak (mL/min/kg);
difference between the initial and final 6MWT (in
metres); difference between the initial and final weights
(in kg); difference between the initial and final albumi-
nemia (in g/L); difference between the initial and final

evaluation on the score of the HADS survey (Hospital
anxiety and depression scale) to assess the anxiety and
depression from a survey with 14 questions; the differ-
ence in the score between the initial evaluation and at 3
months after the surgery of the quality of life as defined
by the EQ-5D survey; 30-day and 90-day mortality.

Methodology and study design
The trial will be performed in four centres. Patients will
be recruited, treated and followed up at the digestive
surgery department of the University Hospital of
Clermont-Ferrand (France), Lille (France), Lyon
(France) and Rennes (France). Then, the multidisciplin-
ary tumour board will check all the inclusion and exclu-
sion criteria, the PREHAB trial will be proposed by
surgeons to patients with gastric or oesophageal adeno-
carcinoma and with concomitant perioperative chemo-
therapy. Patients will be informed of the trial protocol
and, on acceptance, will be randomised in the ‘Prehab’
group or the control group by the surgeon or the
oncologist. Randomisation will be carried out using a
dedicated centralised telephone system and accessible
round the clock. The randomisation sequence will be
generated by a biostatistician using random blocks and
stratification as a function of the centres and type of
cancer (œsophagus or stomach). The trial will be open

Figure 2 Study diagram.
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blinded because of the procedures employed and with
an objective primary end point. The patient will be
informed of the randomisation arm throughout the
trial. The only criteria, which will be recorded, to dis-
continue or, or modifying allocated interventions for a
given trial participant is the participant request.

Statistical considerations
Estimation of sample size
According to previous works, we estimated the percent-
age of patients in each group, realising the full peri-
operative oncological treatment around 30%.1 2 A
sample size of 56 patients by randomised group would
provide 90% statistical power to detect an absolute dif-
ference of 30% (30% vs 60%) for a two-sided α level of
0.05. Finally, a total of 60 patients by group will be con-
sidered. An interim analysis is planned after enrolment
of the first 60 patients using the Lan and DeMets,
O’Brien-Fleming method (East software, Cytel,
Cambridge, Massachusetts, USA). The type I error is
fixed at 0.003 for this interim analysis. The time sched-
ule of enrolment has been estimated at 18 months.

Statistical analysis
Statistical analysis will be conducted on intention to
treat (ITT) using the Stata software, V.13 (StataCorp,
College Station, TX, USA). A two-sided p value of <0.05
will be considered to indicate statistical significance
(except interim analysis). Baseline characteristics will be
presented for each randomised group as the mean±SD
or the median (IQR) according to the statistical distribu-
tion for continuous data, and as the number of patients
and associated percentages for categorical parameters.
Comparisons between independent groups will be ana-
lysed using the χ2 or Fisher’s exact test for categorical
variables (notably unplanned readmission and primary
outcome: percentage of patients realising the full peri-
operative oncological treatment) and Student’s t-test or
Mann-Whitney’s test for quantitative parameters (notably
weight loss, body mass index, albumin, body impedance,
length of stay, VO2peak, VT, 6MWT, depressive and
anxious symptoms evaluated using HADS, quality of Life
according to EQ-5D). Normality will be studied by the
Shapiro-Wilk test and homoscedasticity using the
Fisher-Snedecor test. The analysis of the primary
outcome will be complemented by multivariate analysis
using the generalised linear mixed model (logistic for a
dichotomous dependent variable) to take into account
(1) fixed effects covariates retained according to univari-
ate analysis results and clinical relevance and (2)
random effects (between and within centre and surgeon
variabilities). Censored data such as OS or event-free sur-
vival will be estimated using the Kaplan-Meier method
and compared (1) by log-rank test in univariate situation
and (2) using the Cox proportional hazard model in the
multivariate context. Regarding the analysis of repeated-
measures, random-effect models (linear or generalised
linear) will be considered to study the fixed-effects

group, time-points evaluation and interaction ‘group×
time’, taking into account between-participant and
within-participant variability.
In the prehab group, a dose–response study will be

proposed to assess (1) the impact of the number of pre-
habilitation sessions really realised and (2) the compli-
ance prehabilitation care (dietary and nutritional
management). Particular focus will be placed on loss to
follow-up. A study with the abandonment considered as
censored data will be proposed using the Kaplan-Meier
estimation. If the frequency of missing data is >5%, we
will perform additional analyses using imputation
methods.

ETHICS AND DISSEMINATION
Approval
In accordance with the Declaration of Helsinki and
French regulations on clinical trials, the study was pre-
sented to an independent ethics committee, the
‘Comité de Protection des Personnes Sud Est 6’ (refer-
ence: AU1228, IRB00008526, Clermont-Ferrand,
France). The approval of the committee was obtained
on 7 March 2016. The protocol was declared to the com-
petent French authority (“Agence Nationale de Sécurité
du Médicament et des produits de santé”, Saint Denis,
France) and registered under number 2015 A01733-46.
Authorisation was obtained on 21 December 2015. Any
substantial change in the protocol or in the informed
consent form will be presented to both authorities as
well as first inclusion, interim analyses and end of study.
Data monitoring will be performed as per French regu-
lations requirements. As required by the IRB, a Safety
Monitoring Committee (DSMC) has been set up. Data
will be collected at each trial visit (every 2 months) and
at the interim analyses, regarding any adverse events
(AE) and serious AE. All serious AE causally related to
treatment procedures will be reported to the relevant
ethics committees, the lead site and the independent
data and DSMC for their review and recommendations.
The DSMC comprises independent clinicians with an
interest in prehabilitation and a statistician. Overview is
carried out through the review of AE and serious AE, all
of which are reported at the regular committee meet-
ings. Each meeting determines the Board’s recommen-
dation to the Steering Committee as to whether the
study is safe to continue. The study is currently regis-
tered on the clinical trials website under the number
NCT02780921. The current protocol version is the first
since 20 April 2016.

Patient informed consent
According to international regulations on clinical trials,
written informed consent will be obtained from patients
prior to their participation in the study (see online
supplementary appendices 1 and 2). Patients will volun-
tarily confirm their understanding and willingness to
participate in the study after having been informed (in
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writing and verbally) by oncologists on all aspects of the
study. They will also be informed about requirements
regarding data protection and direct access to their indi-
vidual data. The patients will be informed that they are
free to withdraw from the study at any time at their own
discretion, without necessarily giving reasons.

Data collection and quality management
Experienced and trained study coordinators will be dedi-
cated to data acquisition, coding, security and storage,
under the responsibility of investigators. Each study data
will be anonymised. Data will be recorded in paper case
report forms at the time of each patient contact. These
will be faxed to the study lead site for checking followed
by entry into the secure study database. Data will be col-
lected and managed using REDCap electronic data
capture tools hosted at the University Hospital of
Clermont-Ferrand.18 Research Electronic Data Capture
(REDCap) is a secure, web-based application designed
to support data capture for research studies, providing:
(1) an intuitive interface for validated data entry; (2)
audit trails for tracking data handling and export proce-
dures; (3) automated export procedures for seamless
data downloads to common statistical packages; and (4)
procedures for importing data from external sources. A
clinical research assistant will be commissioned by the
sponsor (University Hospital of Clermont-Ferrand) in
order to monitor the progress of the study in accord-
ance with the Standard Operating Procedures imple-
mented at the University Hospital of Clermont-Ferrand,
in accordance with the Good Clinical Practice and
current French laws.

Access to data and dissemination of results
The data set will be the property of the sponsor (CHU
Clermont-Ferrand). However, the principal investigator
and the project manager will have full access to the final
data set. The results will be communicated in a peer-
reviewed journal, presented at international congresses
and summarised on ClinicalTrials.gov.

DISCUSSION
Perioperative chemotherapy became the gold standard
treatment in advanced gastric and low oesophageal
adenocarcinoma, with an improvement of DFS and
OS.1 2 However, the limitation of these studies is that,
among all patients requiring chemotherapy, 70% of
patients will not receive the complete treatment
sequence. In these studies, only patients in good nutri-
tional and physical status without postoperative compli-
cations can receive postoperative treatment.1 2 A
meta-analysis reported that prehabilitation improved
postoperative morbidity, length of stay, nutritional and
physical status.7 The PREHAB study presented here
should demonstrate whether prehabilitation increases
the percentage of patients who can receive the complete

oncological treatment previously defined in a multidis-
ciplinary tumour board, to increase DFS and OS.
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