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IMPORTANCE Preserving functional capacity is a key element in the care continuum for
patients with esophagogastric cancer. Prehabilitation, a preoperative conditioning
intervention aiming to optimize physical status, has not been tested in upper gastrointestinal
surgery to date.

OBJECTIVE To investigate whether prehabilitation is effective in improving functional status
in patients undergoing esophagogastric cancer resection.

DESIGN, SETTING, AND PARTICIPANTS A randomized clinical trial (available-case analysis based
on completed assessments) was conducted at McGill University Health Centre (Montreal,
Quebec, Canada) comparing prehabilitation with a control group. Intervention consisted of
preoperative exercise and nutrition optimization. Participants were adults awaiting elective
esophagogastric resection for cancer. The study dates were February 13, 2013, to February 10,
2017.

MAIN OUTCOMES AND MEASURES The primary outcome was change in functional capacity,
measured with absolute change in 6-minute walk distance (6MWD). Preoperative (end of the
prehabilitation period) and postoperative (from 4 to 8 weeks after surgery) data were
compared between groups.

RESULTS Sixty-eight patients were randomized, and 51 were included in the primary analysis.
The control group were a mean (SD) age, 68.0 (11.6) years and 20 (80%) men. Patients in the
prehabilitation group were a mean (SD) age, 67.3 (7.4) years and 18 (69%) men. Compared
with the control group, the prehabilitation group had improved functional capacity both
before surgery (mean [SD] 6MWD change, 36.9 [51.4] vs −22.8 [52.5] m; P < .001) and after
surgery (mean [SD] 6MWD change, 15.4 [65.6] vs −81.8 [87.0] m; P < .001).

CONCLUSIONS AND RELEVANCE Prehabilitation improves perioperative functional capacity in
esophagogastric surgery. Keeping patients from physical and nutritional status decline could
have a significant effect on the cancer care continuum.
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E sophageal and gastric cancers are lethal tumors, with
an estimated 43 300 new cases and 26 400 deaths in the
United States per year.1 Surgery, the cornerstone of cu-

rative intent treatment for localized or locally advanced esopha-
gogastric cancers, is associated with important adverse
events.2,3 Current best surgical practice involves the
Enhanced Recovery After Surgery (ERAS) program, which has
been shown to have a positive association in terms of length
of hospital stay, resource use, and complications.4,5

Despite these advances, esophagogastric surgery is still as-
sociated with short-term and long-term adverse effects, in-
cluding high rates of postoperative complications and mor-
tality, decreased muscle strength and cardiorespiratory fitness,
fatigue, depression, emotional distress, anxiety, and poor qual-
ity of life.6-9 As a result of surgical complications or impaired
nutritional, physical, and performance status, most patients
are not able to receive the complete sequence of neoadjuvant
or adjuvant therapy.10,11 Surgery alone is inadequate for lo-
coregional control in patients with locally advanced disease,12

and overall 5-year survival remains poor.13 Therefore, opti-
mizing perioperative functional capacity is a compelling aim
in these patients.

The process of enhancing physical fitness before an op-
eration to enable the patient to withstand the stress of sur-
gery has been termed prehabilitation.14 The main elements are
preoperative exercise and nutrition optimization. Increasing
evidence indicates that prehabilitation improves periopera-
tive physical function in major abdominal surgery.15-19 Nev-
ertheless, upper gastrointestinal surgery presents unique chal-
lenges in clinical management because of the high-risk
population and treatments, and there have been few trials in
this field.20,21 However, because physical and nutritional sta-
tus are key potentially modifiable factors in esophagogastric
cancer,22,23 prehabilitation is a notable intervention in these
patients.

Therefore, the objective of this randomized clinical trial
was to investigate the effectiveness of prehabilitation in pre-
venting physical decline in upper gastrointestinal surgery. We
hypothesized that prehabilitation could improve functional ca-
pacity throughout the perioperative period in adults under-
going esophagogastric cancer surgery.

Methods
Trial Design
This study was a parallel-group, randomized, single-blind,
pragmatic clinical trial conducted at McGill University Health
Centre (Montreal, Quebec, Canada). The trial protocol (Supple-
ment) was approved by the McGill University Health Centre Re-
search Ethics Board, and written informed consent was ob-
tained from each patient before randomization. Due to
administrative error and oversight on the part of the princi-
pal investigator (FC), the Research Ethics Board inadver-
tently terminated this project in September 2016 without our
notice following failure to request renewal. We had recruited
most patients by then, but 6 patients were recruited after that
time until February 2017. We have confirmation from the chair

of the Research Ethics Board that our study was conducted ac-
cording to ethical standards and we have received retroactive
renewed approval through September 2017. The study was
completed in July 2017.

Study Participants
Patients were assessed for eligibility at their first visit to a
regional upper gastrointestinal cancer referral center within
the Division of Thoracic Surgery at McGill University Health
Centre. Patients were eligible for participation if they were
18 years or older and were referred electively for manage-
ment of nonmetastatic esophagogastric cancer. Exclusion
criteria were the following: comorbid medical, physical, and
mental conditions that contraindicate exercise or oral nutri-
tion, acute or unstable cardiac conditions (eg, unstable
angina or symptomatic severe aortic stenosis), American
Society of Anesthesiologists physical status classes 4 and 5,
disabling orthopedic and neuromuscular disease, psychosis,
dementia, cardiac failure (New York Heart Association func-
tional classes III and IV), severe chronic obstructive pulmo-
nary disease (forced expiratory volume in the first second of
expiration <50% predicted), end-stage kidney or liver dis-
ease, anemia (symptomatic or hematocrit <30%), inability
to swallow, or the presence of feeding gastrostomy or jeju-
nostomy. Patients with poor English or French comprehen-
sion were also excluded, as were patients residing more
than 50 km from Montreal General Hospital.

Study Design
Eligible patients were assigned in a 1:1 ratio to either preha-
bilitation or a control group. Participants were randomized
using computer-generated blocks of 4, and group assign-
ments were placed in sequentially numbered opaque enve-
lopes. The main investigator (F.C.), assessor (R.A.), and stat-
istician (A.V.R.) were unaware of the group assignments.
Because of the nature of the intervention, it was not possible
to mask participants or health care professionals, such as ki-
nesiologists or nutritionists (S.-E.L. and other nonauthors).

Prehabilitation
Prehabilitation is a preoperative intervention aiming to en-
hance perioperative functional capacity to enable a patient to
withstand the upcoming surgical stress.14 The main elements
are exercise and nutrition. This multidisciplinary strategy has

Key Points
Question What is the effect of a structured preoperative exercise
and nutrition conditioning program (prehabilitation) on functional
capacity after esophagogastric surgery?

Findings In this randomized clinical trial (26 prehabilitation
participants vs 25 control participants), prehabilitation
significantly improved functional capacity before and after
surgery.

Meaning Prehabilitation may be considered for optimizing
physical fitness during esophagogastric cancer care.
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also been termed multimodal prehabilitation, unlike a uni-
modal approach that includes only exercise.24

Exercise Program
At baseline, all patients had an evaluation of their fitness level
and functional ability in terms of walking and endurance,
strength, joint mobility, and posture. A physician (E.M.M.) pre-
scribed an individualized, home-based exercise training pro-
gram 4 times per week according to guidelines provided by the
American College of Sports Medicine.25 Participants received
an individual session with a kinesiologist, who demon-
strated the complete training program and provided correc-
tive feedback as necessary.26 Aerobic exercise consisted of
30 minutes (including 5-minute warm-up and 5-minute
cooldown) of moderate continuous training 3 days per week.
Exercise modalities were brisk walk, jogging, or cycling de-
pending on personal physical level and attitude. Patients were
instructed by the kinesiologist to self-select the intensity to
reach 12 to 13 on rated perceived exertion (range, 6-20 on the
Borg Rating of Perceived Exertion Scale).27,28 Strengthening ac-
tivity, prescribed 1 day per week, consisted of 30 minutes (in-
cluding 5-minute flexibility and 5-minute stretching) of 3 sets
of 8 to 12 repetitions for 8 muscle groups using an elastic band
as resistance (TheraBand). Resistance level was selected by the
kinesiologist to reach a moderate-intensity effort, rated as
5 to 6 on a 10-point scale.29 Participants were provided with a
logbook to record all activities. The kinesiologist monitored
the adherence and addressed issues or doubts by weekly tele-
phone calls.

Nutrition Program
At the time of enrollment, participants completed a 3-day es-
timated food record of 2 weekdays and 1 weekend day. A di-
etitian (S.-E.L.) assessed dietary habits and anthropometric data
to create a comprehensive status evaluation and to
estimate the required amount and relative proportion of
macronutrients.30 Metabolic requirement was adjusted to meet
the increased nutritional demand due to the stress associ-
ated with their upcoming surgery.31,32 Food-based dietary ad-
vice was given, and whey protein supplement (Immunocal; Im-
munotec Inc) was prescribed to guarantee a daily protein intake
of 1.2 to 1.5 g/kg of ideal body weight (or approximately 20%
of total energy requirements).33 These supplements, if needed,
were consumed every morning after breakfast or immedi-
ately after exercise during training days. Nutrition therapy was
given to all participants in the intervention group, even in the
absence of malnutrition.34 Participants were provided with a
logbook, and the nutritionist monitored the adherence and ad-
dressed issues or doubts by weekly telephone calls.

Usual Care
All participants received standardized perioperative care ac-
cording to the ERAS Society Guideline protocol,4,5 which is
based on a clinical program implemented at our institution
since 2008. The main elements include a minimally invasive
surgical approach when feasible, epidural analgesia, limited
use and duration of drains, minimized blood loss and peri-
operative fluid administration, avoidance of preoperative over-

night fasting, early oral nutrition, respiratory physiotherapy,
and early mobilization. The standard preoperative pathway at
our institution includes risk assessment, medication manage-
ment, perioperative blood management, and smoking
cessation.

At the time of initial visit to the upper gastrointestinal can-
cer referral center, all patients received nutritional counsel-
ing to plan adequate caloric provision and address specific nu-
tritional or dysphagic disorders. Neoadjuvant chemotherapy
with a docetaxel-based triplet was the preferred approach for
locally advanced adenocarcinoma (cT3 or N+) based on the re-
sults of a local institutional phase 2 trial.35 Patients with lo-
cally advanced squamous cell carcinoma tended to be of-
fered neoadjuvant chemoradiotherapy. A multidisciplinary
tumor board (L.E.F. and other nonauthors) defined personal-
ized oncologic treatment, establishing specific indication, tim-
ing, regimen, and strategy according to patient performance
status and tumor characteristics. Patients were referred for psy-
chosocial counseling, if needed.

The control group was treated according to conventional
care. They received no specific intervention before surgery.

Outcomes
Measurements were recorded at 3 times in all participants.
These included at baseline (beginning of the prehabilitation
period for the intervention group), immediately before sur-
gery (end of the prehabilitation period for the intervention
group), and after surgery (4-8 weeks after surgery).

The primary outcome was change in functional capacity
over time, measured as the difference in absolute change in
6-minute walk distance (6MWD) between baseline and the pre-
operative visit (primary analysis) and between baseline and the
postoperative visit. A significant change was defined as an im-
provement or a deterioration of 20 m from baseline.36 Partici-
pants, who were advised to wear comfortable shoes, were in-
structed to walk back and forth in a 20-m stretch of hallway
for 6 minutes at a pace that would make them tired by the end
of the walk. A masked assessor (R.A.) supervised all tests, fol-
lowing a standardized procedure to minimize potential sources
of error due to bias or different levels of encouragement.37 Walk
tests are commonly used in a wide variety of clinical settings
to provide a reliable and valid measure of exercise capacity and
functional ability to withstand household and community
activities.38-40 When used as an outcome measure, change in
walk test distance reflects change in aerobic capacity due to a
specific intervention.41 Moreover, walk tests are particularly
advantageous for patients who have low exercise tolerance be-
cause the intensity and the posture control are completely con-
trolled by the patient, and rest intervals can be taken, if needed.
Furthermore, these tests are inexpensive to administer be-
cause they require minimal equipment, facility space, exper-
tise, and time.

Secondary outcomes were postoperative morbidity at 30
days (according to the Clavien-Dindo classification42 and the
Comprehensive Complication Index43,44), length of hospital
stay, 30-day hospital visits, readmission rate, death, and full
adherence to the planned neoadjuvant chemotherapy. Com-
pliance was evaluated, integrating both exercise (number of
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weekly training sessions completed) and nutrition (adher-
ence to the prescribed protein supplementation).

Statistical Analysis
Because there were no data on the effect of prehabilitation for
upper gastrointestinal surgery, we used an estimation based
on previous trials in colorectal cancer.45,46 According to these
data, patients who were randomly assigned to the control group
were expected to decrease their 6MWD by a mean (SD) of 15
(66) m below baseline after surgery. In the intervention group,
patients were expected to increase a mean (SD) of 37 (68) m.
Therefore, to detect a difference of 53 m (with a pooled SD of
68.5) and an effect size of 0.77, the present trial would need
to enroll 56 participants (28 patients per group) to have 80%
power at a 2-sided significance level of .05. Because of differ-
ences between esophageal and colon surgery populations, a
conservative estimate to avoid underpowering would be an
effect size of 0.70, yielding a total sample size of up to
68 (34 per group).

Baseline characteristics were compared between groups
with the use of independent-samples t test or Mann-Whitney
test for continuous variables, and data are presented as the
mean (SD) or the median (interquartile range [IQR], 25-75) ac-
cording to the distribution. χ2 Test or Fisher exact test was used
for categorical variables, and data are presented as the num-
ber (percentage). Analyses of the primary outcome were per-
formed among all patients who had complete follow-up, de-
fined as the presence of a preoperative assessment. The trial
was an available-case analysis based on completed assess-
ments. For the primary outcome, we analyzed differences be-
tween groups at all follow-up times (baseline, preoperative, and
postoperative) using a mixed-model analysis of variance for
repeated measurement. Secondary outcomes were com-
pared using standard 2-sample t tests. All tests were 2 sided,
and the level of significance was P = .05, unlike for repeated-
measures analysis, in which a Bonferroni-corrected level of sig-
nificance was applied. We used a software program (SPSS, ver-
sion 23.0; IBM) for all statistical analyses.

Results
Patient Characteristics
Between February 13, 2013, and February 10, 2017, a total of
222 consecutive patients referred with esophagogastric can-
cer to the upper gastrointestinal cancer referral center at our
institution were assessed for eligibility. Sixty-eight patients
(31%) provided informed consent, and 51 patients (23%) were
included in the primary analysis (Figure 1).

Baseline characteristics and surgical variables were broadly
similar between the 2 groups (Table 1). Eleven participants
(22%) missed the postoperative assessment (3 in the preha-
bilitation group and 8 in the control group): among the 11 pa-
tients, 3 (2 prehabilitation and 1 control) had severe compli-
cations (length of hospital stay >30 days), 2 (both control) died
(1 of intraoperative cardiac arrest and 1 of chyle leak), and
6 (1 prehabilitation and 5 control) failed to attend the postop-
erative assessment (because of weakness).

The median length of prehabilitation was 36 days (IQR,
17-73 days), and the median length of the preoperative period
in the control group was 51 days (IQR, 12-71 days) (P = .88).
Twenty participants (77%) had prehabilitation during neoad-
juvant chemotherapy, 11 of whom (55%) started prehabilita-
tion before medical treatment. Overall compliance with pre-
habilitation was 63%, and no exercise-related adverse events
were reported.

Primary Outcome
A statistically significant difference in walking distance change
was observed between groups both at the preoperative assess-
ment (mean [SD], 36.9 [51.4] m in the prehabilitation group vs
−22.8 [52.5] m in the control group; P < .001) and after sur-
gery (mean [SD], 15.4 [65.6] m in the prehabilitation group vs
−81.8 [87.0] m in the control group; P < .001) (Figure 2). A sig-
nificant difference was also observed in the total 6MWD cov-
ered over time and in the proportion of patients who experi-
enced a significant change in functional capacity (Table 2).

Secondary Outcomes
Two patients included in the primary analysis had their sur-
gery canceled and are represented as missing data for surgi-
cal outcomes. There were no statistically significant differ-
ences between groups in terms of number and severity of
complications, length of hospital stay, emergency depart-
ment visits, or readmission rates (Table 3). Two patients in each
group did not receive the full planned neoadjuvant chemo-
therapy (8% in the prehabilitation group vs 8% in the control
group, P > .99).

Figure 1. CONSORT Diagram of Enrollment and Follow-up

222 Assessed for eligibility

154 Excluded
109 Not meeting inclusion 

criteria
66 Insufficient time
31 Resection not 

indicated
7 ASA >3
5 Inability to exercise 

45 Declined to participate
12 Lives too far
33 Too weak to 

exercise

68 Randomized

34 Allocated to control
30 Received allocated intervention
4 Did not receive allocated

intervention (withdrew consent)

5 Lost to follow-up
3 Second assessment missed
2 Died

25 Included in primary analysis

34 Allocated to prehabilitation
32 Received allocated intervention
2 Did not receive allocated

intervention (withdrew consent)

6 Lost to follow-up
5 Second assessment missed
1 Died

26 Included in primary analysis

ASA indicates American Society of Anesthesiologists physical status class.
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Discussion

The main finding of this randomized clinical trial is that pre-
habilitation resulted in perioperative functional improve-

ment of patients undergoing esophagogastric surgery for can-
cer. Poor physical fitness and malnutrition are prevailing
adverse effects of esophagogastric cancer and its treatment,
with negative consequences for quality of life and care adher-
ence. Therefore, experts have highlighted the urgent need for

Table 1. Characteristics of Patients

Variable Prehabilitation (n = 26) Control (n = 25)
Demographics and Anthropometrics

Age, mean (SD), y 67.3 (7.4) 68.0 (11.6)

Male, No. (%) 18 (69) 20 (80)

BMI, mean (SD) 26.1 (4.8) 25.7 (4.7)

Fat mass, mean (SD), kg 27.1 (10.0) 27.3 (10.4)

Comorbidity

ASA physical status class, No. (%)

II 13 (50) 12 (48)

III 13 (50) 13 (52)

Charlson Comorbidity Index, No. (%)

2 7 (27) 10 (40)

3-4 17 (65) 10 (40)

5-6 2 (8) 5 (20)

Current smoker, No. (%) 2 (8) 2 (8)

Medically treated type 2 diabetes, No. (%) 7 (27) 4 (16)

Serum laboratory values, mean (SD)

Albumin, g/dL 3.8 (0.5) 3.8 (0.4)

Hemoglobin, g/dL 11.3 (1.9) 12.3 (1.9)

Glycated hemoglobin, % 6.0 (0.6) 6.2 (0.9)

C-reactive protein, mg/L 5.7 (6.7) 10.0 (15.8)

Nutritional Characteristics, No. (%)

PG-SGA score

Not at nutrition risk, 0-8 17 (65) 14 (56)

At nutrition risk, ≥9 9 (35) 11 (44)

NRS 2002 score

1-2 22 (85) 21 (84)

3-4 4 (15) 4 (16)

Pathological Characteristics, No. (%)

Tumor site

Esophagus 20 (77) 21 (84)

Gastric 6 (23) 4 (16)

Tumor histology

Squamous cell carcinoma 7 (27) 7 (28)

Adenocarcinoma 19 (73) 18 (72)

AJCC pathologic tumor stagea

I 6 (25) 5 (20)

II 0 2 (8)

III 18 (75) 18 (72)

Treatment Characteristics

Neoadjuvant therapy, No. (%) 20 (77) 15 (60)

Surgical procedure, No. (%)a

Esophagectomy 18 (75) 21 (84)

Partial gastrectomy 4 (17) 2 (8)

Total gastrectomy 2 (8) 2 (8)

Minimally invasive approach, No. (%)a 10 (42) 11 (44)

Duration of surgery, median (IQR), mina 195
(170.0-225.5)

226
(179.0-315.0)

Abbreviations: AJCC, American Joint
Committee on Cancer; ASA, American
Society of Anesthesiologists physical
status class; BMI, body mass index
(calculated as weight in kilograms
divided by height in meters squared);
IQR, interquartile range; NRS 2002,
Nutrition Risk Screening 2002;
PG-SGA, Patient-Generated
Subjective Global Assessment.
SI conversion factors: To convert
albumin level and hemoglobin level
to grams per liter, multiply by 10.0;
glycated hemoglobin level to
proportion of total hemoglobin,
multiply by 0.01; and C-reactive
protein level to nanograms per liter,
multiply by 9.524.
a Missing data for 2 patients (both

prehabilitation) who did not have
surgery.
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randomized clinical trials of multidisciplinary interventions
aiming to optimize cardiorespiratory fitness in this field.47,48

Most studies have investigated the safety and efficacy of ex-
ercise therapy after the completion of cancer therapy.49 Once
detrimental effects of a treatment have been experienced, pa-
tients generally will need an intervention to restore the pre-
treatment physical status or obtain a faster recovery. The con-
cept of rehabilitation in oncologic surgery is applied to the
postoperative period. Unlike this traditional approach, the pur-
pose of prehabilitation is to prevent, rather than cure, func-
tional consequences of cancer therapy by addressing modifi-
able risk factors, such as fitness and nutrition. Aiming to
increase the quality of perioperative care by accelerating re-
covery, prehabilitation is mandated in the ERAS pathway and
represents its clinical and scientific development.26

To our knowledge, this is the first demonstration that a
structured preoperative conditioning intervention is fea-
sible, safe, and efficacious for preventing functional impair-
ment before and after surgical treatment for upper gastroin-

testinal cancer. Sixty-two percent (16 of 26) of the patients
herein improved before surgery, and the positive effect was
maintained after surgery in more than half of the population.
Conversely, as shown in a previous study,6 patients assigned
to a control group had a decline in cardiopulmonary fitness that
did not reverse and further deteriorated in the recovery pe-
riod after surgery. No exercise-related adverse events were re-
ported in the present randomized clinical trial, and the adher-
ence rate was comparable to that in a previous study.50

Compliance is an arduous outcome of behavioral interven-
tions in patients with cancer and is a unique challenge in
esophagogastric cancer care. Plausible explanations may be the
low physical fitness of this particular population, their comor-
bidities, and the high rate of neoadjuvant therapy (77% [20 of
26] in the intervention group), carrying significant func-
tional impairment. Owing to the pragmatic nature of our trial,
there were no restrictions on the duration of the program, and
we used the entire period from referral to surgery. Because our
randomized clinical trial is the first study to date to our knowl-
edge on prehabilitation in this population, evidence of effec-
tiveness was lacking; therefore, we decided not to alter tim-
ing or modality of cancer treatment planned by the
multidisciplinary tumor board. Nonetheless, the median length
of prehabilitation was 36 days, a reasonable training period
compared with other surgical settings.51 The present trial was
not powered to determine whether the difference in physical
fitness was associated with fewer complications, and the mor-
bidity rate and length of hospital stay were comparable to lo-
cal and international reports at other high-volume centers.52

Because cancer and its treatments frequently lead to dis-
ability and financial burden,24 our findings may have several
implications. Treatment-related fatigue is a common adverse
effect, affecting up to 90% of patients undergoing radio-
therapy and up to 80% of patients receiving chemotherapy.53,54

Surgical-related decline in physical fitness is one of the most
distressing symptoms reported by patients with cancer and di-
rectly affects their ability to function in terms of activities of
daily living and quality of life.55 Because survivorship is im-

Figure 2. Trajectory of Change in Functional Capacity
in the Perioperative Period
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Data are means (95% CIs). 6MWD indicates 6-minute walking distance.

Table 2. Functional Outcomes

Variable
Prehabilitation
(n = 26)

Control
(n = 25) P Value

6MWD, Mean (SD), m

Baseline 452.1 (83.4) 449.2 (83.9) .43

Preoperative 489.0 (73.5) 426.4 (102.7) .02

Postoperativea 481.5 (81.5) 379.8 (106.0) <.001

6MWD Change From Baseline, Mean (SD), m

Preoperative 36.9 (51.4) −22.8 (52.5) <.001

Postoperativea 15.4 (65.6) −81.8 (87.0) <.001

Preoperative 6MWD Change, No. (%)

Deterioration 2 (8) 8 (32)

<.001Back to baseline 8 (31) 16 (64)

Improvement 16 (62) 1 (4)

Postoperative 6MWD Change, No. (%)a

Deterioration 4 (17) 14 (82)

<.001Back to baseline 7 (30) 2 (12)

Improvement 12 (52) 1 (6)

Abbreviation: 6MWD, 6-minute
walking distance.
a Missing data for 11 patients

(3 prehabilitation and 8 control).
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proving, there is a growing interest in strategies aimed to ame-
liorate the quality of life in cancer survivors. Also problem-
atic is physical status deterioration, with any impairment in a
patient’s ability to function being a potential limitation to his
or her ability to withstand cancer care interventions. Evi-
dence has shown that receiving the full cancer treatment is
strongly related to good physical and nutritional status,10,11 and
60% to 70% of patients with esophageal cancer do not re-
ceive the planned treatment.56 Considering the importance of
receiving the complete treatment relative to survivorship,10

there is a compelling need to include functional outcome as a
core perioperative outcome. By attenuating functional impair-
ment, prehabilitation in cancer treatment pathways could be
of considerable value.

Limitations
This study has several limitations. As previously men-
tioned, the variability of neoadjuvant treatment in terms of
duration and regimen may limit the consistency, generaliz-
ability, and applicability of our findings. In addition, the
exclusion of patients who were not willing to start a physi-
cal intervention could represent a potential selection bias.
The small sample size is another limitation (222 patients

were assessed to recruit 68 participants), which precluded
testing of secondary outcomes. The tightness of the inclu-
sion criteria, the need for a reasonable time to intervene
before surgery, and the individual commitment to exercise
are possible explanations for this high rate of exclusions.
Furthermore, 17% (4 of 23) of the study population experi-
enced deterioration after surgery. Therefore, further work is
required to explore in detail the optimal type, intensity, and
timing of physical and nutritional intervention. Other con-
siderations include the introduction of a supervised training
session, a consistent duration of the intervention, better
integration into the medical treatment, and a larger sample
size.

Conclusions
This randomized clinical trial demonstrated prehabilitation-
induced significant improvement in physical status among
patients undergoing surgery for malignant gastroesophageal
lesions. Further investigation is required to determine the
optimal modality of the intervention and its effect on over-
all oncologic outcomes.

ARTICLE INFORMATION

Accepted for Publication: March 18, 2018.

Published Online: September 5, 2018.
doi:10.1001/jamasurg.2018.1645

Author Contributions: Dr Carli had full access to all
of the data in the study and takes responsibility for
the integrity of the data and the accuracy of the
data analysis.
Concept and design: Minnella, Awasthi, Ferri, Carli.
Acquisition, analysis, or interpretation of data:
Minnella, Loiselle, Agnihotram, Carli.
Drafting of the manuscript: Minnella, Carli.
Critical revision of the manuscript for important
intellectual content: All authors.
Statistical analysis: Minnella, Agnihotram.
Administrative, technical, or material support:
Awasthi, Loiselle, Carli.
Supervision: Minnella, Awasthi, Loiselle, Ferri.

Conflict of Interest Disclosures: None reported.

Funding/Support: Funding was provided by The
Montreal General Hospital Foundation and the
Perioperative Program (POP) Charitable
Foundation. Dr Minnella is a recipient of a Henry R.
Shibata Fellowship award from the Cedars Cancer
Foundation.

Role of the Funder/Sponsor: The funding sources
had no role in the design and conduct of the study;
collection, management, analysis, and
interpretation of the data; preparation, review, or
approval of the manuscript; and decision to submit
the manuscript for publication.

Additional Contributions: We thank the personnel
of the Division of Thoracic Surgery, McGill
University Health Centre, for helping with the
recruitment and Immunotec Inc for supplying the
whey protein supplement. Mary Guay, BA

(volunteer at the POP Charitable Foundation)
supported the organization (no compensation was
received).

REFERENCES

1. Siegel RL, Miller KD, Jemal A. Cancer statistics,
2016. CA Cancer J Clin. 2016;66(1):7-30.

2. Ghaferi AA, Birkmeyer JD, Dimick JB. Hospital
volume and failure to rescue with high-risk surgery.
Med Care. 2011;49(12):1076-1081.

3. Reames BN, Ghaferi AA, Birkmeyer JD, Dimick
JB. Hospital volume and operative mortality in the
modern era. Ann Surg. 2014;260(2):244-251.

4. Li C, Ferri LE, Mulder DS, et al. An enhanced
recovery pathway decreases duration of stay after
esophagectomy. Surgery. 2012;152(4):606-614.

Table 3. Thirty-Day Surgical Outcomes

Variable
Prehabilitation
(n = 24)

Control
(n = 25) P Value

Patients with no complications, No. (%) 10 (42) 7 (28) .24

Clavien-Dindo classification of complication
severity, No. (%)

I 2 (8) 0

.23

II 6 (25) 8 (32)

IIIa 3 (13) 7 (28)

IVa 2 (8) 1 (4)

IVb 1 (4) 0

V 0 2 (8)

CCI of complication severity, median (IQR) 14.8 (0.0-28.8) 20.9 (20.9-36.2) .17

In-hospital mortality, No. (%) 0 2 (8) .26

Length of hospital stay, median (IQR), d 8.0 (5.75-11.75) 7.0 (5.5-12.5) .44

Emergency department visit, No. (%) 5 (21) 7 (28) .40

Readmission rate, No. (%) 1 (4) 2 (8) .60

Abbreviations: CCI, Comprehensive
Complication Index; IQR, interquartile
range.

Effect of Prehabilitation on Functional Capacity in Esophagogastric Cancer Surgery Original Investigation Research

jamasurgery.com (Reprinted) JAMA Surgery Published online September 5, 2018 E7

© 2018 American Medical Association. All rights reserved.

Downloaded From:  by Henry Lahore on 09/08/2018

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamasurg.2018.1645&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2018.1645
https://www.ncbi.nlm.nih.gov/pubmed/26742998
https://www.ncbi.nlm.nih.gov/pubmed/22002649
https://www.ncbi.nlm.nih.gov/pubmed/24368634
https://www.ncbi.nlm.nih.gov/pubmed/22943844
http://www.jamasurgery.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2018.1645


5. Lee L, Li C, Robert N, et al. Economic impact of
an enhanced recovery pathway for
oesophagectomy. Br J Surg. 2013;100(10):1326-1334.

6. Jack S, West MA, Raw D, et al. The effect of
neoadjuvant chemotherapy on physical fitness and
survival in patients undergoing oesophagogastric
cancer surgery. Eur J Surg Oncol. 2014;40(10):
1313-1320.

7. van Meerten E, van der Gaast A, Looman CW,
Tilanus HW, Muller K, Essink-Bot ML. Quality of life
during neoadjuvant treatment and after surgery for
resectable esophageal carcinoma. Int J Radiat Oncol
Biol Phys. 2008;71(1):160-166.

8. Gannon JA, Guinan EM, Doyle SL, Beddy P,
Reynolds JV, Hussey J. Reduced fitness and physical
functioning are long-term sequelae after curative
treatment for esophageal cancer: a matched
control study. Dis Esophagus. 2017;30(8):1-7.

9. Elliott JA, Doyle SL, Murphy CF, et al.
Sarcopenia: prevalence, and impact on operative
and oncologic outcomes in the multimodal
management of locally advanced esophageal
cancer. Ann Surg. 2017;266(5):822-830.

10. Smalley SR, Benedetti JK, Haller DG, et al.
Updated analysis of SWOG-directed Intergroup
Study 0116: a phase III trial of adjuvant
radiochemotherapy versus observation after
curative gastric cancer resection. J Clin Oncol. 2012;
30(19):2327-2333.

11. Ychou M, Boige V, Pignon JP, et al. Perioperative
chemotherapy compared with surgery alone for
resectable gastroesophageal adenocarcinoma: an
FNCLCC and FFCD multicenter phase III trial. J Clin
Oncol. 2011;29(13):1715-1721.

12. Low DE. Evolution in surgical management of
esophageal cancer. Dig Dis. 2013;31(1):21-29.

13. Miller KD, Siegel RL, Lin CC, et al. Cancer
treatment and survivorship statistics, 2016. CA
Cancer J Clin. 2016;66(4):271-289.

14. Carli F, Zavorsky GS. Optimizing functional
exercise capacity in the elderly surgical population.
Curr Opin Clin Nutr Metab Care. 2005;8(1):23-32.

15. Gillis C, Li C, Lee L, et al. Prehabilitation versus
rehabilitation: a randomized control trial in patients
undergoing colorectal resection for cancer.
Anesthesiology. 2014;121(5):937-947.

16. Minnella EM, Bousquet-Dion G, Awasthi R,
Scheede-Bergdahl C, Carli F. Multimodal
prehabilitation improves functional capacity before
and after colorectal surgery for cancer: a five-year
research experience. Acta Oncol. 2017;56(2):
295-300.

17. West MA, Loughney L, Lythgoe D, et al. Effect
of prehabilitation on objectively measured physical
fitness after neoadjuvant treatment in preoperative
rectal cancer patients: a blinded interventional pilot
study. Br J Anaesth. 2015;114(2):244-251.

18. Barakat HM, Shahin Y, Khan JA, McCollum PT,
Chetter IC. Preoperative supervised exercise
improves outcomes after elective abdominal aortic
aneurysm repair: a randomized controlled trial. Ann
Surg. 2016;264(1):47-53.

19. Dunne DF, Jack S, Jones RP, et al. Randomized
clinical trial of prehabilitation before planned liver
resection. Br J Surg. 2016;103(5):504-512.

20. Timmerman H, de Groot JF, Hulzebos HJ, de
Knikker R, Kerkkamp HE, van Meeteren NL.
Feasibility and preliminary effectiveness of

preoperative therapeutic exercise in patients with
cancer: a pragmatic study. Physiother Theory Pract.
2011;27(2):117-124.

21. Xu YJ, Cheng JC, Lee JM, Huang PM, Huang GH,
Chen CC. A walk-and-eat intervention improves
outcomes for patients with esophageal cancer
undergoing neoadjuvant chemoradiotherapy.
Oncologist. 2015;20(10):1216-1222.

22. Martin L, Jia C, Rouvelas I, Lagergren P. Risk
factors for malnutrition after oesophageal and
cardia cancer surgery. Br J Surg. 2008;95(11):
1362-1368.

23. Djärv T, Metcalfe C, Avery KN, Lagergren P,
Blazeby JM. Prognostic value of changes in
health-related quality of life scores during curative
treatment for esophagogastric cancer. J Clin Oncol.
2010;28(10):1666-1670.

24. Silver JK, Baima J. Cancer prehabilitation: an
opportunity to decrease treatment-related
morbidity, increase cancer treatment options, and
improve physical and psychological health
outcomes. Am J Phys Med Rehabil. 2013;92(8):
715-727.

25. Nelson ME, Rejeski WJ, Blair SN, et al. Physical
activity and public health in older adults:
recommendation from the American College of
Sports Medicine and the American Heart
Association. Med Sci Sports Exerc. 2007;39(8):
1435-1445.

26. Carli F, Scheede-Bergdahl C. Prehabilitation to
enhance perioperative care. Anesthesiol Clin. 2015;
33(1):17-33.

27. Borg GA. Psychophysical bases of perceived
exertion. Med Sci Sports Exerc. 1982;14(5):377-381.

28. Eston RG, Williams JG. Reliability of ratings of
perceived effort regulation of exercise intensity. Br J
Sports Med. 1988;22(4):153-155.

29. Lagally KM, Robertson RJ. Construct validity of
the OMNI resistance exercise scale. J Strength Cond
Res. 2006;20(2):252-256.

30. Institute of Medicine. Dietary Reference
Intakes: The Essential Guide to Nutrient Requirements.
Washington, DC: National Academies Press; 2006:
72.

31. Ishibashi N, Plank LD, Sando K, Hill GL. Optimal
protein requirements during the first 2 weeks after
the onset of critical illness. Crit Care Med. 1998;26
(9):1529-1535.

32. Stapleton RD, Jones N, Heyland DK. Feeding
critically ill patients: what is the optimal amount of
energy? Crit Care Med. 2007;35(9)(suppl):
S535-S540.

33. Braga M, Ljungqvist O, Soeters P, Fearon K,
Weimann A, Bozzetti F; ESPEN. ESPEN guidelines
on parenteral nutrition: surgery. Clin Nutr. 2009;28
(4):378-386.

34. Cederholm T, Bosaeus I, Barazzoni R, et al.
Diagnostic criteria for malnutrition: an ESPEN
Consensus Statement. Clin Nutr. 2015;34(3):335-340.

35. Ferri LE, Ades S, Alcindor T, et al. Perioperative
docetaxel, cisplatin, and 5-fluorouracil (DCF) for
locally advanced esophageal and gastric
adenocarcinoma: a multicenter phase II trial. Ann
Oncol. 2012;23(6):1512-1517.

36. Antonescu I, Scott S, Tran TT, Mayo NE,
Feldman LS. Measuring postoperative recovery:
what are clinically meaningful differences? Surgery.
2014;156(2):319-327.

37. ATS Committee on Proficiency Standards for
Clinical Pulmonary Function Laboratories. ATS
statement: guidelines for the six-minute walk test
[published correction appears at doi:10.1164/
rccm.19310erratum]. Am J Respir Crit Care Med.
2002;166(1):111-117.

38. Kervio G, Carre F, Ville NS. Reliability and
intensity of the six-minute walk test in healthy
elderly subjects. Med Sci Sports Exerc. 2003;35(1):
169-174.

39. Rolland YM, Cesari M, Miller ME, Penninx BW,
Atkinson HH, Pahor M. Reliability of the 400-m
usual-pace walk test as an assessment of mobility
limitation in older adults. J Am Geriatr Soc. 2004;52
(6):972-976.

40. Singh SJ, Puhan MA, Andrianopoulos V, et al.
An official systematic review of the European
Respiratory Society/American Thoracic Society:
measurement properties of field walking tests in
chronic respiratory disease. Eur Respir J. 2014;44
(6):1447-1478.

41. Gibbons WJ, Fruchter N, Sloan S, Levy RD.
Reference values for a multiple repetition 6-minute
walk test in healthy adults older than 20 years.
J Cardiopulm Rehabil. 2001;21(2):87-93.

42. Dindo D, Demartines N, Clavien PA.
Classification of surgical complications: a new
proposal with evaluation in a cohort of 6336
patients and results of a survey. Ann Surg. 2004;
240(2):205-213.

43. Slankamenac K, Graf R, Barkun J, Puhan MA,
Clavien PA. The Comprehensive Complication
Index: a novel continuous scale to measure surgical
morbidity. Ann Surg. 2013;258(1):1-7.

44. Slankamenac K, Nederlof N, Pessaux P, et al.
The Comprehensive Complication Index: a novel
and more sensitive endpoint for assessing outcome
and reducing sample size in randomized controlled
trials. Ann Surg. 2014;260(5):757-762.

45. Li C, Carli F, Lee L, et al. Impact of a trimodal
prehabilitation program on functional recovery
after colorectal cancer surgery: a pilot study. Surg
Endosc. 2013;27(4):1072-1082.

46. Gross T, Messmer P, Amsler F, et al. Impact of a
multifunctional image-guided therapy suite on
emergency multiple trauma care. Br J Surg. 2010;97
(1):118-127.

47. O’Neill L, Gannon J, Guinan E, Reynolds JV,
Hussey J. Multidisciplinary rehabilitation across the
esophageal cancer journey. J Thorac Dis. 2017;9(12):
E1140-E1142.

48. Guinan EM, Dowds J, Donohoe C, Reynolds JV,
Hussey J. The physiotherapist and the esophageal
cancer patient: from prehabilitation to
rehabilitation. Dis Esophagus. 2017;30(1):1-12.

49. Guinan EM, Doyle SL, O’Neill L, et al. Effects of
a multimodal rehabilitation programme on
inflammation and oxidative stress in oesophageal
cancer survivors: the ReStOre feasibility study.
Support Care Cancer. 2017;25(3):749-756.

50. Jones LW, Peddle CJ, Eves ND, et al. Effects of
presurgical exercise training on cardiorespiratory
fitness among patients undergoing thoracic surgery
for malignant lung lesions. Cancer. 2007;110(3):
590-598.

51. Chen BP, Awasthi R, Sweet SN, et al. Four-week
prehabilitation program is sufficient to modify
exercise behaviors and improve preoperative

Research Original Investigation Effect of Prehabilitation on Functional Capacity in Esophagogastric Cancer Surgery

E8 JAMA Surgery Published online September 5, 2018 (Reprinted) jamasurgery.com

© 2018 American Medical Association. All rights reserved.

Downloaded From:  by Henry Lahore on 09/08/2018

https://www.ncbi.nlm.nih.gov/pubmed/23939844
https://www.ncbi.nlm.nih.gov/pubmed/24731268
https://www.ncbi.nlm.nih.gov/pubmed/24731268
https://www.ncbi.nlm.nih.gov/pubmed/18164846
https://www.ncbi.nlm.nih.gov/pubmed/18164846
https://www.ncbi.nlm.nih.gov/pubmed/28575241
https://www.ncbi.nlm.nih.gov/pubmed/28796017
https://www.ncbi.nlm.nih.gov/pubmed/22585691
https://www.ncbi.nlm.nih.gov/pubmed/22585691
https://www.ncbi.nlm.nih.gov/pubmed/21444866
https://www.ncbi.nlm.nih.gov/pubmed/21444866
https://www.ncbi.nlm.nih.gov/pubmed/23797119
https://www.ncbi.nlm.nih.gov/pubmed/27253694
https://www.ncbi.nlm.nih.gov/pubmed/27253694
https://www.ncbi.nlm.nih.gov/pubmed/15585997
https://www.ncbi.nlm.nih.gov/pubmed/25076007
https://www.ncbi.nlm.nih.gov/pubmed/28079430
https://www.ncbi.nlm.nih.gov/pubmed/28079430
https://www.ncbi.nlm.nih.gov/pubmed/25274049
https://www.ncbi.nlm.nih.gov/pubmed/26756766
https://www.ncbi.nlm.nih.gov/pubmed/26756766
https://www.ncbi.nlm.nih.gov/pubmed/26864728
https://www.ncbi.nlm.nih.gov/pubmed/20690877
https://www.ncbi.nlm.nih.gov/pubmed/20690877
https://www.ncbi.nlm.nih.gov/pubmed/26341759
https://www.ncbi.nlm.nih.gov/pubmed/18844265
https://www.ncbi.nlm.nih.gov/pubmed/18844265
https://www.ncbi.nlm.nih.gov/pubmed/20194863
https://www.ncbi.nlm.nih.gov/pubmed/20194863
https://www.ncbi.nlm.nih.gov/pubmed/23756434
https://www.ncbi.nlm.nih.gov/pubmed/23756434
https://www.ncbi.nlm.nih.gov/pubmed/17762378
https://www.ncbi.nlm.nih.gov/pubmed/17762378
https://www.ncbi.nlm.nih.gov/pubmed/25701926
https://www.ncbi.nlm.nih.gov/pubmed/25701926
https://www.ncbi.nlm.nih.gov/pubmed/7154893
https://www.ncbi.nlm.nih.gov/pubmed/3228684
https://www.ncbi.nlm.nih.gov/pubmed/3228684
https://www.ncbi.nlm.nih.gov/pubmed/16686549
https://www.ncbi.nlm.nih.gov/pubmed/16686549
https://www.ncbi.nlm.nih.gov/pubmed/9751589
https://www.ncbi.nlm.nih.gov/pubmed/9751589
https://www.ncbi.nlm.nih.gov/pubmed/17713405
https://www.ncbi.nlm.nih.gov/pubmed/17713405
https://www.ncbi.nlm.nih.gov/pubmed/19464088
https://www.ncbi.nlm.nih.gov/pubmed/19464088
https://www.ncbi.nlm.nih.gov/pubmed/25799486
https://www.ncbi.nlm.nih.gov/pubmed/22039085
https://www.ncbi.nlm.nih.gov/pubmed/22039085
https://www.ncbi.nlm.nih.gov/pubmed/24947644
https://www.ncbi.nlm.nih.gov/pubmed/24947644
https://www.ncbi.nlm.nih.gov/pubmed/12091180
https://www.ncbi.nlm.nih.gov/pubmed/12091180
https://www.ncbi.nlm.nih.gov/pubmed/12544651
https://www.ncbi.nlm.nih.gov/pubmed/12544651
https://www.ncbi.nlm.nih.gov/pubmed/15161464
https://www.ncbi.nlm.nih.gov/pubmed/15161464
https://www.ncbi.nlm.nih.gov/pubmed/25359356
https://www.ncbi.nlm.nih.gov/pubmed/25359356
https://www.ncbi.nlm.nih.gov/pubmed/11314289
https://www.ncbi.nlm.nih.gov/pubmed/15273542
https://www.ncbi.nlm.nih.gov/pubmed/15273542
https://www.ncbi.nlm.nih.gov/pubmed/23728278
https://www.ncbi.nlm.nih.gov/pubmed/25379846
https://www.ncbi.nlm.nih.gov/pubmed/23052535
https://www.ncbi.nlm.nih.gov/pubmed/23052535
https://www.ncbi.nlm.nih.gov/pubmed/19937992
https://www.ncbi.nlm.nih.gov/pubmed/19937992
https://www.ncbi.nlm.nih.gov/pubmed/29313853
https://www.ncbi.nlm.nih.gov/pubmed/29313853
https://www.ncbi.nlm.nih.gov/pubmed/27862675
https://www.ncbi.nlm.nih.gov/pubmed/27807666
https://www.ncbi.nlm.nih.gov/pubmed/17582629
https://www.ncbi.nlm.nih.gov/pubmed/17582629
http://www.jamasurgery.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2018.1645


functional walking capacity in patients with
colorectal cancer. Support Care Cancer. 2017;25(1):
33-40.

52. Low DE, Kuppusamy MK, Alderson D, et al.
Benchmarking complications associated with
esophagectomy [published online December 4,
2017]. Ann Surg. doi:10.1097/SLA
.0000000000002611

53. Hickok JT, Morrow GR, Roscoe JA, Mustian K,
Okunieff P. Occurrence, severity, and longitudinal

course of twelve common symptoms in 1129
consecutive patients during radiotherapy for
cancer. J Pain Symptom Manage. 2005;30(5):
433-442.

54. Hickok JT, Roscoe JA, Morrow GR, Mustian K,
Okunieff P, Bole CW. Frequency, severity, clinical
course, and correlates of fatigue in 372 patients
during 5 weeks of radiotherapy for cancer. Cancer.
2005;104(8):1772-1778.

55. Safieddine N, Xu W, Quadri SM, et al.
Health-related quality of life in esophageal cancer:
effect of neoadjuvant chemoradiotherapy followed
by surgical intervention. J Thorac Cardiovasc Surg.
2009;137(1):36-42.

56. Rustgi AK, El-Serag HB. Esophageal carcinoma.
N Engl J Med. 2014;371(26):2499-2509.

Effect of Prehabilitation on Functional Capacity in Esophagogastric Cancer Surgery Original Investigation Research

jamasurgery.com (Reprinted) JAMA Surgery Published online September 5, 2018 E9

© 2018 American Medical Association. All rights reserved.

Downloaded From:  by Henry Lahore on 09/08/2018

https://www.ncbi.nlm.nih.gov/pubmed/27539131
https://www.ncbi.nlm.nih.gov/pubmed/27539131
https://dx.doi.org/10.1097/SLA.0000000000002611
https://dx.doi.org/10.1097/SLA.0000000000002611
https://www.ncbi.nlm.nih.gov/pubmed/16310617
https://www.ncbi.nlm.nih.gov/pubmed/16310617
https://www.ncbi.nlm.nih.gov/pubmed/16116608
https://www.ncbi.nlm.nih.gov/pubmed/16116608
https://www.ncbi.nlm.nih.gov/pubmed/19154899
https://www.ncbi.nlm.nih.gov/pubmed/19154899
https://www.ncbi.nlm.nih.gov/pubmed/25539106
http://www.jamasurgery.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2018.1645

