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Abstract: Esophageal adenocarcinoma is a particularly challenging and deadly disease. Predominantly
affecting older males, the clinical manifestations of the disease include dysphagia, unintentional weight loss,
muscle wasting, and persistent functional decline. Due to the aggressive nature of the disease and treatments,
patients are at an increased risk for malnutrition, sarcopenia, frailty and postoperative morbidity. Currently,
the gold standard for disease management includes perioperative chemo(radio)therapy with esophagectomy,
as it confers the greatest curative potential. Though necessary, preoperative anti-cancer therapies impose
a significant physiological stress that is poorly tolerated by most patients, resulting in a reduced functional
capacity. It can also provoke impairments in physical, nutritional, and psychological status. Despite
surgical advancements, esophagectomy remains an invasive procedure associated with a high degree of
postoperative morbidity. The disease and treatments adversely impact several determinants of health, and
accordingly, an emphasis has been placed on the requisite for multidisciplinary interventions. In an effort
to minimize surgical stress, postoperative complications and length of hospital stay, the enhanced recovery
after surgery (ERAS) society recently published guidelines for a multidisciplinary approach to perioperative
esophagectomy management. Still, postoperative morbidity remains high, therefore highlighting the need for
initiatives of broader scope, outside of the surgical setting. The preoperative period represents a window of
opportunity for patients to address health deficits and prepare for the stress of esophageal cancer treatments.
Prehabilitation describes a multimodal intervention program to optimize a patient’s physical condition
preoperatively and minimize the functional declines resultant of cancer treatments. Prehabilitation has been
demonstrated to be effective in oncologic surgical candidates to improve functional capacity, postoperative
outcomes and rate of recovery. Prehabilitation for esophageal cancer is in its infancy, and to date has not
shown any significant impacts on postoperative morbidity. Nevertheless, the few studies published highlight
its potential to preserve functional capacity, improve tolerance to the stress of therapies and enhance
esophageal cancer care. Still, there is a need for more robust longitudinal studies with larger samples sizes
to determine the optimal esophageal prehabilitation prescription and effectively evaluate its impact on both
short and long-term outcomes.
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Introduction
For esophageal as well as most solid cancers, the current
established standard treatment includes surgery and
concurrent medical therapies, both of which have been
shown to significantly enhance prognosis (1,2). Despite
improved effectiveness and wider indications, they impose
a large physiological stress, and have detrimental effects
on acute and long-term function, negatively impact health
trajectories (3-5). Management of esophageal cancer in
particular is associated with a high risk of malnutrition,
postoperative complications, persistent deconditioning
and muscle wasting, which can contribute to emotional
distress and reduced quality of life (6,7). Due to the
increased susceptibility of these patients to treatmentinduced morbidity, the importance for multidisciplinary
supportive preoperative interventions to counter the
decline in physiological and functional reserves cannot be
overstated. Specifically, physical, nutritional and mental
status can influence surgical outcomes, functional recovery,
adherence to antitumoral therapies, access to surgery and
quality of life throughout the course of the disease. The
current article will address the principal determinants of
esophageal surgery outcomes, with a particular emphasis
on intraoperative care (enhanced recovery after surgery,
ERAS) and the preoperative behavioural interventions that
characterize multimodal prehabilitation.
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Table 1 Esophagectomy pathway as per ERAS Guidelines
Preoperative Care
Patient/family information, education, and counselling
Pharmacological and glycemic management
Nutritional assessment (treatment if appropriate)
Smoking cessation
Alcohol cessation
Cardiopulmonary exercise testing
Prehabilitation
Multidisciplinary tumor board
Appropriate timing of surgery following neo-adjuvant therapy
In-hospital Care
Preoperative
No preoperative fasting
No routine bowel preparation
Antithrombotic prophylaxis
Intraoperative
Minimally invasive surgical approach encouraged
Avoidance of perianastomotic drains
Early removal of chest drains
Early removal of NG tube
No long-acting anxiolytics
Avoidance of positive fluid balance with weight gain >2 kg/d
“Protective” mechanical ventilation

ERAS
ERAS was initially designed in early 2000 with a view
towards reducing perioperative complications and hospital
stay (8), and it rapidly evolved into a multidisciplinary
approach incorporating evidence-based interventions
throughout the entire perioperative period. It became
clear that modulating the complexity of the physiological
stress response could not be sufficiently achieved solely
through the introduction of minimally invasive surgery or
improved anesthetic techniques. A collaborative approach
was needed to overcome the multiple obstacles that prolong
recovery, such as pain, ileus, immobilization, starvation,
fluid overload, thrombosis, and postoperative catabolism. In
doing so, surgeons, anesthesiologists and nurses have ceased
delivering care from their individual silos, transitioning to
a broader integrative approach that improves the quality of
care and empowers patients and caregivers.
The ERAS society recently published recommendations for
improved perioperative management for esophagectomy (9);
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Prophylaxis for postoperative nausea and vomiting
Multimodal pain control (which includes thoracic epidural
analgesia)
Avoidance of hypothermia
Postoperative
No routinely ICU admission
Early mobilization
Early Foley catheter removal
Early enteral nutrition with full target at POD 3-6
Glycemic control
All recommended preoperative elements are part of prehabilitation.
CPET, cardiopulmonary exercise testing; ICU, intensive care unit;
POD, postoperative day.

Table 1 summarizes the main points. It emphasizes the
importance of surgical considerations (procedure, access
and conduit), optimization of nutrition (pre- and post-
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operative), multimodal analgesic approaches, early tube
removal, early progressive mobilization and routine
respiratory physiotherapy (10). Several institutions have
implemented elements of ERAS for esophagectomies
and have reported improvements in length of hospital
stay, costs, and postoperative pulmonary complications,
suggesting a reduced burden imposed on patients and the
healthcare system (10-12).
Despite evident improvements achieved with ERAS,
a significant proportion of patients still experience
complications, and, even in absence of significant morbidity,
full recovery can take months. Evidently a wider approach
is still needed. In addition to in-hospital care, many other
interventions have the potential to impact surgical outcomes,
if proactively implemented in the preoperative period (13).
The main components of functional capacity, such as poor
physical status, malnutrition and sarcopenia, and mental
distress, are critical determinants of surgical outcomes (14).
With this complexity in mind, prehabilitation aims to
promote a coordinated, multidisciplinary preoperative care
plan to prevent functional decline related to treatment
and its subsequent consequences (14). The prehabilitation
program adopted by our institution was built in continuity
with enhanced recovery pathways and has overlapping
features (see “preoperative care” in Table 1).
Predictably, the ERAS Society recently endorsed
the role of prehabilitation in the perioperative care of
esophagectomy, acknowledging the pivotal importance
for a faster return to an acceptable level of function after
surgery (9). Nonetheless, published in late 2018, the level
of recommendation was weak since limited evidence was
available for prehabilitation in upper GI surgery. However,
since then this scenario has further evolved. The following
illustrates the rationale underlying the individual elements
of prehabilitation, and recent findings are narratively
summarized.
Prehabilitation for esophageal cancer
The importance of postoperative rehabilitation on physical
performance and recovery is well-recognized (15,16).
However, the preoperative period constitutes a unique
opportunity to address comorbidities and modifiable risk
factors, improve functional capacity and address deficiencies
in physiologic reserve, which might otherwise preclude
surgery or significantly impede recovery (13,17). Poor
nutritional status is a significant concern throughout the
care continuum of esophageal adenocarcinoma. Disease
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symptomatology leads to poor oral intake with resultant
negative protein and energy balances, which often
results in malnutrition. Not surprisingly, there is a high
incidence of unintended weight loss (>70%) and sarcopenia
(26–75%) at diagnosis, which can worsen due to anti-cancer
therapies and persist throughout the preoperative period
(6,18). Anemia is prevalent in addition to several micronutrient deficiencies, and can further impair a patient’s
health and functional status (19,20). If nutritional deficits
proceed unchecked throughout the preoperative period
they can result in deleterious effects on body composition,
physiological reserves, short and long-term functional status
and quality of life (20).
Moreover, for these patients, disease-related impairments
are not the only concern. Surgery represents a significant
physiologic stress necessitating increased energetic and
nutritional requirements to facilitate healing (18,21).
Loss of muscle mass is a significant consideration in the
management of esophageal adenocarcinoma, because of the
resultant deconditioning, which in turn increases the risk for
dose-limiting toxicities and surgical morbidity (6,19,22). In
addition, the metabolic stress of neoadjuvant therapy (NAT)
has been well documented to often cause muscle wasting,
physical deconditioning and a reduced functional capacity,
which result in low tolerance to physical stressors (5,6).
It has been reported that up to 70% of these patients are
unable to complete their prescribed perioperative regimens
due to dose-limiting toxicities (5,6,23). In 2014, Jack et al.
investigated the prognostic power of fitness parameters on
tolerance to NAT and survival. Following NAT, patients
experienced a significant decline in exercise tolerance,
measured with oxygen consumption (VO 2) at anaerobic
threshold (2.19 mL/kg/min, 95% CI, 1.47 to 2.91) and
VO 2 at peak (2.51, 95% CI, 1.55 to 3.47), in FEV 1 and
FVC, and hemoglobin (5). Lower baseline aerobic fitness
was also adversely associated with completion of NAT, and
1-year survival. Similar declines in cardiopulmonary fitness,
lung function and hemoglobin following NAT have been
reported by Sinclair and colleagues (3). Anemia and iron
deficiency can be further impaired after gastric resection.
These findings emphasize the role of physical fitness as
critical determinant of cancer care.
The disease and therapies affect different aspects of
health and well-being. Consequently, the importance for
frequent screening of patient psychological status cannot be
overstated. It is unsurprising that disease-related symptoms,
functional decline and poor prognosis frequently result
in manifestations of anxiety and depression following
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Figure 1 The 3-Legged Stool model of functional capacity.

diagnosis, which are often exacerbated by the side-effects of
neoadjuvant therapies (7). It is important to address them,
as they can have adverse effects on mental health, selfefficacy, compliance to clinical interventions, sleep patterns,
fatigue and quality of life (7). High levels of anxiety and
distress can also negatively affect the postoperative period
increasing perception of pain, length of stay and prolong
the rate of recovery (24).
Given the peculiar complexity of esophageal care
management, we tend to define and address the functional
status of these patients going beyond the classical
identification of comorbidities, taking into account the
multiple components that determines the physiological
resilience to stressors (Figure 1) (25).
Nutrition
Malnutrition, commonly seen in gastrointestinal cancers, is
associated with increased morbidity and mortality, longer
length of hospital stay, reduction of treatment efficacy
and increased toxicity (21,26-29). It may also worsen with
disease progression and neoadjuvant therapies. Despite
being an integral component of most esophageal cancer
treatment, NAT regimens are not without significant
systemic side-effects. Particularly with chemotherapy,
patients can experience both relief of dysphagia and
adverse symptoms such as nausea, stomatitis, diarrhea and
vomiting, contributing to a further decline in nutritional
status (19). Esophagectomy is also associated with a
significant morbidity, which is exacerbated by preoperative
malnutrition and low functional status. Postoperatively,
protein and energy requirements are uniformly elevated, and
often unmet given iatrogenic limitations to macronutrients.
Compared to other oncologic surgeries, esophagectomy
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reported the highest rate of malnutrition even after
surgical treatment, strongly associated with postoperative
complications. After gastrectomy, up to 1 year can be necessary
to recover to a normal nutritional status (30).
Systematic screening of nutritional status should be
performed at the first visit, and repeated regularly at shortinterval. Several validated tools are available, such as
Nutritional Risk Screening 2002 (NRS 2002) and Scored
Patient-Generated Subjective Global Assessment (PG-SGA)
and its abridged version (31,32). Low BMI (18.5 kg/m2),
unintentional weight loss (>10% or >5% over 3 months),
low albumin, and nutritional symptoms are common risk
factors easy to check. Focusing only on underweight and
malnutrition is a common misconception, as obesity is not
uncommon in patients with esophageal adenocarcinoma.
Furthermore, loss of skeletal muscle mass is a main trait
of sarcopenia and can happen with minimal changes in fat
mass. In a recent study, sarcopenic obesity was present in
14% of patients with esophagogastric cancer (33). This is
important to consider, given that sarcopenia may nor be
overtly evident and is independently associated with poor
survival and dose-limiting NAT toxicities (34,35). For all
these reasons, and in spite of delaying surgery, nutritional
therapy should be provided for at least two weeks if severe
nutritional risks are detected (36), and should follow
standardized approach (21).
Dietary counselling should be proposed to all patients
at moderate-to-high nutritional risk undergoing any
cancer treatments. When possible, oral nutrition and
supplementation are preferable, and nutritional counselling
is mandatory to guide the patient to consume smaller
portion sizes, while increasing meal frequency and chewing,
and often adopting modified texture diet (18). The use
of artificial nutrition with oral supplementation of highdensity protein and caloric beverages as well as liquid
meal replacements is often utilized as a means to enhance
nutritional support (21). Given the hypermetabolic
and catabolic drive associated with the disease and its
treatments, it is imperative for elevated energetic and
protein requirements to be addressed throughout the
perioperative period. ESPEN guidelines recommend that
caloric intake be increased to 25–30 kcal/kg/day during
this time. To the same extent, it is strongly recommended
to increase consumption of high grade protein, up to
1.5–2.0 g/kg/day and, ideally, at least 25 grams at every
meal (37). Moreover, exercise should also be considered
to counter further protein catabolism, support anabolic
processes, and reduce risks of sarcopenia (21,38,39). These
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goals can be particularly challenging in upper GI cancers.
In case of insufficient dietary intake, enteral nutrition is
recommended and preferred over parental route in an
intact gastro-intestinal tract (40). If necessary, enteral
feeding approaches may include gastrostomy, percutaneous
radiologic gastrostomy or percutaneous endoscopic
jejunostomy; however, the selected approach should be
adapted to each patient’s clinical status and preferences.
The benefits of enteral feeding remain uncertain, and
its routine use is not recommended by ERAS society (9).
Rather, preoperative immune-enhancing diets seems to
have a compelling rationale in gastro-esophageal cancer. By
the reduction of the inflammatory response and oxidative
stress induced by cancer and its various therapies, it can
be an important element within a multimodal approach
to treat cachexia (which, by definition, is a condition
that cannot be fully reversed by conventional nutrition)
(41,42). Several nutrients have been tested, such as
omega-3 polyunsaturated fatty acids (PUFA), select amino
acids (arginine and glutamine), nucleic acids, and several
antioxidants (21). Omega-3 PUFA have unique antiinflammatory properties and have been previously used
in other oncologic populations (18). In advanced-stage
cancers, it has been demonstrated promising potential to
reduce basal metabolic rates, and reduce the inflammatory
biomarkers and acute phase proteins. Additionally, it has
been proposed to improve appetite, weight management
and preservation of lean body mass in some advanced stage
cancers (21).
Physical status
For years, bedrest was the main and unique approach
to physical and mental fatigue associated with cancer.
Fortunately, over the last 3 decades, exercise has established
its role in attenuating and even reversing the adverse effects
of cancer and its treatments on physical fitness, physical
functioning, cancer-related fatigue, and quality of life (43).
Benefits may vary according to the type of exercise, with
aerobic and resistance training considered to be fundamental
elements of most programs (44). This is particularly true
for esophageal cancer due to their beneficial synergistic
effects on functional status, capacity and quality of life (22).
Across oncologic care, exercise has been reported to provide
important impacts on disease progression, treatment
efficacy and safety, and secondary prevention (45). From a
personal perspective, exercise improves perceived physical
status, mental health, and overall quality of life (46).
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Cancer therapies adversely impact cardiorespiratory
function and result in a predictable and progressive
decline in aerobic fitness that persists even after treatment
termination and negatively affects later functional status
and quality of life (5). Fortunately, aerobic exercise offers
several important physiological adaptations that can
mitigate treatment-induced physiological and functional
decline. It involves elevating heart rate through repetitive
dynamic movements and can be performed with various
modalities and can run the spectrum from continuous
steady state to high-intensity interval training. In patients
with cancer, aerobic training is well-recognized to increase
maximal oxygen uptake, cardiac output, mitochondrial
density, oxidative potential and peak power output (47). The
combined result may lead to greater physiological reserves.
Resistance training can counter myopenia and promote
hypertrophic adaptations in skeletal tissue, increasing
muscle mass, strength and function. It has been shown
to improve body composition, weight management and
physical fitness in all age groups, but more importantly, in
the frail and elderly (13,39,48). This can be pertinent in this
population, as following NAT patients report an average
loss of ~5 kg lean body mass, and ~4 kg in grip strength (49),
indicative of a sharp increase in sarcopenic status, an
independent predictor of postoperative complication risk
and poor long‐term prognosis (50).
Psychosocial condition
The preoperative period of any major elective surgery
is known to be associated with a high degree of distress,
anxiety and depression (7). In esophageal adenocarcinoma,
this commonly compounded by the poor prognosis and
devastating physiological manifestations of the disease and
contributes to poor treatment compliance and postoperative
outcomes (51). In addition to specifically increasing pain
perception, reducing functional capacity and HRQoL,
psychological distress status has also been shown to reduce
circulating immunological mediators, alter physiological
mechanisms of wound healing, and increase length of stay
and, as a result, augment healthcare costs (17,52,53).
Accordingly, it has become clear that prehabilitation
programs should not only focus not only on improving
physical health, but also psychosocial wellbeing with
interventions geared towards reducing anxiety, depression, but
also to promote patient engagement and empowerment (53).
Although currently there is no consensus on what constitutes
the optimal psychological prehabilitation program, most
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interventions generally involve private meetings with
a psychologist or qualified healthcare professional who
commonly utilize image-guided relaxation, stress reduction
techniques, in addition to addressing problem solving and
coping strategies (51,53).
State of evidence
Preoperative nutrition
Table 2 synopsizes the current evidence and controversies
in nutrition therapy prior to esophago-gastric surgery. A
Cochrane meta-analysis by Burden et al. demonstrated a
significant reduction in postoperative complications when
parental nutrition was provided prior to gastrointestinal
surgery, but found no difference associated with standard
oral supplementation or enteral nutrition (54). Research
interests have also focused on immunonutrition and enteral
supplementation of arginine, omega-3-fatty acids and
ribonucleotides. In the same meta-analysis, seven trials
focused on immunonutrition, showing a significant effect on
improving postoperative morbidity (RR 0.67, 95% CI, 0.53
to 0.84) (54). In 2016, Wong et al. published a meta-analysis
including 2016 patients who underwent esophagectomy,
gastrectomy, and pancreatectomy; compared to standard
enteral nutrition, immunonutrition lowered risk of
infection, and shortened the length of hospital stay.
However, entirely different conclusions can be drawn from
other studies, which failed to show any clinical benefit
of immune enhancing diets (55). Fujitani et al. found no
difference in the incidence of infectious complications and
overall morbidity in well-nourished patients undergoing
elective gastrectomy (56); similar results were reported by
Sultan et al., investing omega-3 PUFA supplementation in
esophago-gastric surgery (57). No effect on postoperative
complications and length of hospital stay was reported in
two meta-analysis, that included 785 patients undergoing
gastric surgery (58), and 628 patients undergoing
esophago-gastric surgery (59). Given these unsettled
indications, ERAS society does not support routine use of
immunonutrition.
Physical training
Table 3 summarizes recent prospective trials exploring the
effect of preoperative physical training before esophagogastric surgery. The type of conditioning programs varies
considerably between studies, specifically with respect to
modality, supervision, duration, and outcome measures.
© Annals of Esophagus. All rights reserved.
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Inspiratory muscle training (IMT) is one of the most
investigated intervention, understood as a breathing exercise
program aimed to improve the strength and the endurance
of the respiratory muscles. Although data suggests that
preoperative IMT can improve pulmonary function,
the impact on postoperative pulmonary complications is
unclear in patients undergoing esophagectomy. Inoue et al.,
conducted a retrospective analysis of 100 esophageal cancer
patients, showing that “preoperative multimodal pulmonary
rehabilitation” was associated with significant risk reduction
for pulmonary complications (OR 0.14, 95% CI, 0.02 to
0.064) (68). Conversely, other prospective studies did not
show any significant change in postoperative outcomes, such
as functional walking capacity and pulmonary complications
(60,66,69). In one of these trials, Valkenet et al. showed
that a home-based high-intensity IMT programme did
not reduce postoperative pneumonia compared with
standard care (69). Several elements can possibly account
for these results, such as the heterogenous duration of the
intervention, the unsupervised approach and the relative
low compliance to the protocol (only 54% of patients
completed ≥80% of the prescribed training sessions and
only 40% of all sessions were completed at the prescribed
intensity). Nonetheless, this negative result is still surprising
given the positive effect of IMT on preoperative pulmonary
function (66,69).
Christensen et al. recently investigated the potential role
of physical prehabilitation in treatment tolerability and
demonstrated that supervised exercise during NAT reduced
the risk of failure to reach surgery (65). Serious adverse
events that prevented surgical resection, such as disease
progression or physical deterioration, occurred in 5% of
patients in exercise groups vs. 21% in control (RR 0.23,
95% CI, 0.04 to 1.29). Main limitations of study were the
relatively small sample size and the non-randomized design.
Patients in the intervention group reported also a significant
increase in functional status (mean FACT-E score: 9.6,
95% CI, 1.0 to 18.1), peak power output (12 Watts, 95%
CI, 0.1 to 24.0), and peak VO2 (1.39 mL/kg/min, 95% CI,
0.03 to 2.74). Interestingly, although a continuous decline
in weight was observed throughout the preoperative period,
the exercise group did not experience significant changes in
weight or lean body mass.
Barberan-Garcia et al. conducted an RCT involving 125
surgical candidates for major abdominal surgeries, which
investigated the effect of prehabilitation on postoperative
complications WR (70). The intervention group had
supervised exercise sessions, 1–3 times per week and
Ann Esophagus 2021;4:10 | http://dx.doi.org/10.21037/aoe-2020-15
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Esophagectomy,
gastrectomy,
pancreatectomy

Meta-analysis

2,016

IED vs. SEN

IED vs. control

IED vs. SEN

IED vs. SEN or
control

IED vs. control

IED vs. SEN vs.
control

Intervention

4–26

5–8

5–26

5–10

5

7

Before or after
surgery

Before or after
surgery

Before and after
surgery

Before or after
surgery

Before surgery

Before surgery

Duration (days) Timing

↔ Postoperative morbidity and
mortality

↓ Hospital LOS

↓ Incidence of postoperative wound
infection

↑ Immunological status

↔ Clinical outcomes (postoperative
complications

↔ Inflammatory marker levels

↔ Hospital LOS

↔ Postoperative complications
(infections)

↔ Hospital LOS

↓ Infectious complications

↓Complications

↔ Postoperative morbidity and CRP

↔ Incidence of surgical site infections

↔ Immunological effects

↔ Clinical outcomes (morbidity,
mortality, hospital LOS)

Results (in bold, primary outcome)

↑, statistically significant increase in prehabilitation group relative to control, P<0.05; ↔, no significant difference between both groups, P>0.05; ↓, statistically significant
decrease in the intervention group relative to control, P<0.05. CRP, C-reactive protein; DHA, docosahexaenoic acid; EPA, eicosapentaenoic-acid; IED, Immune enhancing
diet; LOS, length of stay; SEN, standard enteral nutrition diet; control groups also included oral supplementation.

Wong (2016)

Meta-analysis

785

Gastrectomy

Song (2015)

Meta-analysis

628

231

Esophagectomy,
gastrectomy

RCT

Mabvuure
(2012)

Gastrectomy

Fujitani (2012)

Double-blinded RCT 195

Sample size (n)

549

Esophagectomy,
gastrectomy

Sultan (2012)

Design

Burden (2012) Esophagectomy,
Meta-analysis
gastrectomy
(pancreatectomy and
colectomy)

Surgery

Study

Table 2 Nutrition therapy prior esophagogastric surgery
Annals of Esophagus, 2021
Page 7 of 17

Ann Esophagus 2021;4:10 | http://dx.doi.org/10.21037/aoe-2020-15

© Annals of Esophagus. All rights reserved.

Table 3 (continued)

Valkenet, Dig Surg
2016 (62)

Gastro-intestinal
cancers
Physical
prehabilitation
vs. usual care

RCT

Walk-and-eat
vs. usual care

Xu, Oncologist 2015 Esophageal cancer RCT
(61)

Pulmonary
prehabilitation
vs. Usual care

Esophageal cancer RCT

Yamana, Dig Surg
2015 (60)

Design

Cancer Site

Study

168

56

60

Sample
size (n)

Table 3 Physical and exercise program prior esophagogastric surgery
Results (in bold, primary
outcome)

↔ PreOp Functional
capacity (peak VO2)
↔ PreOp Peripheral
muscle strength
• 5 exercises, 3 sets,
13–25 repetitions, 1/week

↑ PreOp MIP-max/
endurance
Physical rehabilitation training

• Aerobic training, 60–85% HRR,
40–60 min, 1/week

Supervised exercise sessions
2/week Aerobic training session

• Nutritional assessment and consult,
1/week
Before surgery Satisfactory adherence
(82%)

↔ Tolerance to NCRT

• Walking, target 60% HRmax,
20 min
Nutritional support

↔ LBM

↓ Weight loss

↑ PreOp Functional
capacity (6-MWD, HGS)

• Warm up, 5 min

During NCRT

Before surgery ↓ PostOp pulmonary
complications (CDC,
UPSS)

Timing

↓ Intravenous nutritional
support

30.9 (19.4) days

4–5 weeks

>7 days

Duration

• At hospital, prior to NCRT

Walk-and-eat program:

Supervised ambulation, 25 min,
3/week

• Aerobic training on cycle ergometer,
20 min

• Resistance training for core and
lower limbs

• Abdominal coughing exercises

• Supine diaphragmatic breathing

• Respiratory muscle stretching

Supervised sessions, 60 min,
5/week Pulmonary prehabilitation
program

Intervention

Page 8 of 17
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Esophago-gastric
cancers

Wynter-Blyth, Clin
Nutr Exp 2017 (63)
Prehabilitation
only

NRCT

Design

Table 3 (continued)

Minnella, JAMA
Surg 2018 (4)

Esophago-gastric
cancers
Prehabilitation
vs. usual care

RCT

IMT Vs. Usual
care

Valkenet, Br J Surg Esophageal cancer RCT
2018 (64)

Cancer Site

Study

Table 3 (continued)

51

241

59

Sample
size (n)

Strength training

• Moderate intensity, 30 min,
3/week

Aerobic training

Multimodal Personalized home-based
prescription

twice daily, 7 days/week

30 breaths

high intensity: >60% MIP

Home-based

With flow-resistive inspiratory loading
device

IMT

• Smoking cessation

• Medication management

• Psychological support

• Nutritional consultation

• Exercise program

PREPARE program

Home-based personalized
prehabilitation program

• IMT, >30%, 20 min/day

• Moderate intensity, aerobic
exercise, 30 min, 5/week

Home-based

Intervention

36 [17–73] days

21 [0–74] days

Not stated

Duration

↑ PreOp inspiratory
muscle endurance and
IMP

↔ PostOp pneumonia

↑ PostOp HRQoL (EORTC
QLQ-C30)

↓ PostOp Functional
decline during NAC

Results (in bold, primary
outcome)

↔ 30-day readmission
rates

↔ 30-day postoperative
morbidity (CCI, CDC)

↔ Length of stay

Before surgery ↑ PreOp & PostOp
Functional capacity (6MWD)

Post NAT until
surgery

During NACT
until surgery

Timing

Annals of Esophagus, 2021
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Table 3 (continued)

Exercise Vs.
Usual care

RCT

Physical
Therapy Only

(cancer

Guinan, Dis
Esopho-gastric
Esophagus 2019 (66) cancers

NRCT

Gastro‐
oesophageal
junction

Christensen, BJS
Open 2018 (65)

Design

Cancer Site

Study

Table 3 (continued)

50

50

Sample
size (n)

• twice daily, 7 days/week

• 30 breaths

↔Postoperative
complications

↓ PostOp mobilization
(step count, active
minutes)

Home-based

• high intensity: >60% MIP

↑ PreOp MIP-max/
endurance

Before surgery ↔ PreOp/ ↓ PostOp
Walking capacity (6-MWD)

With flow-resistive inspiratory loading
device

IMT

• 4 exercises, 4 sets,
8–12 repetitions

Resistance training

↔ Postoperative
complications

↑ PreOp Physical capacity
(1-RM, peak Watts, VO2)

↓ Risk of treatment failure

Results (in bold, primary
outcome)

• 4×3 low intensity active recovery
intervals

During NAT

Timing

↑ FACT-E/G

22 (12.5) days

12 weeks

Duration

• 4×4 high intensity intervals

High intensity Aerobic exercise

Supervised exercise sessions,
75 min, 2/week

Psychological support was included
as usual care for both groups

• Whey supplementation as needed
to achieve
1.2–1.5 g protein/kg of IBW

Nutritional support

• 8 exercises, 2–3 sets,
8–12 repetitions

Intervention
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67

Sample
size (n)

• Smoking cessation

• Medication management

• Psychological support

• Nutritional consultation

• Exercise program, moderate/
vigorous (aerobic/strength) training,
150–300 min/week

PREPARE program

Home-based personalized
prehabilitation program

Intervention
16 weeks

Duration

Results (in bold, primary
outcome)

↓PostOp risk of
pneumonia

Adherence to exercise
prescription (64%)

From diagnosis ↑ PreOp cardiorespiratory
(during NACT) fitness
until surgery

Timing

↑, statistically significant increase in prehabilitation group relative to control, P<0.05; ↔, no significant difference between both groups, P>0.05; ↓ statistically significant
decrease in the intervention group relative to control, P<0.05. 6-MWD, 6-minute walk distance (meters), 6-MWT, 6-minute walk test; IMT, inspiratory muscle training;
MIP, maximum inspiratory pressure; NAT, neoadjuvant therapy; NRCT, non-randomized clinical trial; PT, prospective trial; RCT, randomized controlled trial; AT,
anaerobic threshold, BAI, beck anxiety inventory, BDI beck depression inventory, BF% body fat percentage; BIA, bioelectric impedance analysis; BW, body weight;
CCI, comprehensive complication index; CDC, clavien-dindo classification; CPET, cardio-pulmonary exercise test; CT, computerized tomography; DEXA, dual X-ray
absorptiometry; DFS, disease-free survival; FACT-E/G, functional assessment of cancer therapy – esophageal/general; FEV1, forced expiratory volume in 1 second;
FEV1%, percent of predicted FEV1; FFM, fat-free mass; FSS, fatigue severity score; FVC, forced vital capacity; HOMA2, homeostasis model assessment 2; HR, hear rate;
HRR, hear rate reserve; MAMC, midarm muscle circumference; METS, metabolic equivalents; MIP-endurance, maximum tolerable MIP for 1 minute; NAT, neoadjuvant
therapy; NCRT, neoadjuvant chemoradiotherapy; PEF, peak expiratory flow; PG-SGA, patient graded-subjective global assessment; POD, post-operative day; PT,
prospective trial; TSFT, triceps skin-fold thickness; UPSS, utrecht pulmonary scoring system.

Prehabilitation
only

Esophageal cancer PT

Halliday, J
Gastrointest Surg
2020 (67)

Design

Cancer Site

Study

Table 3 (continued)
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consisted of high-intensity interval training on a cycle
ergometer with an intensity alternating between 40%
and 70–85% of a patient’s baseline maximum work rate.
Significant improvements in preoperative aerobic capacity
were noted (endurance time 135%; P<0.001) in addition
to a 51% reduction in the incidence of postoperative
complications, as compared to controls (RR 0.5; 95% CI,
0.3–0.8, P=0.001). Unfortunately, only 18 participants
(10 in prehabilitation and 8 in control group) underwent
either esophageal or gastric surgery, and as such, the
evidence in this population remains weak. A recent singlegroup, single-centre, prospective trial by Halliday et al.
highlighted the importance exercise progress and volume
in the context of multimodal prehabilitation junction (67).
Beyond confirming a positive effect on preoperative physical
fitness, the study showed that higher exercise volume was
associated with lower pulmonary complication following
curative esophageal resection.
Psychosocial intervention
Although the benefits of preoperative stress management
have been proven to be reduce anxiety and depression
in a number of oncologic populations, few studies have
investigated the impact in esophageal cancer patients
awaiting surgery (51). One study conducted Zhang et al.,
investigated the impact of a perioperative psychological
support program in patients with carcinomas of the
esophagus (71). The study utilized a multidisciplinary
three-phase approach that included pre- and post-operative
interventions with the aim of improving psychological
wellbeing and postoperative outcomes in recently
admitted surgical candidates (72). Psychological support
throughout the perioperative period was reported to
significantly improve postoperative multivariate measures of
psychosomatic status but also the length of stay [20.06 (3.73)
vs. 23.24 (7.37); P=0.041] in these patients. A similar study
by Scarpa et al., investigated the impact of psychological
support and sleep management strategies on HRQoL
and self-reported sleep quality. The authors found that in
comparison to usual care, the intervention group had less of
a depreciation in HRQoL (OR: 0.23; 95% CI, 0.06 to 0.61)
and sleep quality (OR: 0.27; 95% CI, 0.1 to 0.73) (72).
Multimodal strategies
In 2002, Persson et al. tested a multimodal approach in
patients with gastrointestinal cancer. Using a 2×2 RCT
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design, they investigated the effect of nutritional, physical,
and psychological support on physical condition and
survival (73). A multimodal intervention resulted in a
mild benefit in weight gain at 12 and 24 months, with no
other differences detected. However, this study had several
limitations: notably a small sample size of only 32 patients
with gastric cancer, very low adherence to the nutrition
plan (only half of the population reached 75% of the energy
intake recommended), and no-surgical setting.
An RCT conducted by our group investigated the
effect of multimodal prehabilitation on the changes in
perioperative functional capacity, in surgical candidates
with esophogastric cancers. In the RCT, 51 patients
were recruited and randomized at diagnosis to either a
control or prehabilitation group; the latter included a
personalized dietary program in addition to a home-based
exercise prescription provided by qualified healthcare
professionals. Psychological interventions were offered
to high-risk patients and included in the standard of care.
All patients completed multidisciplinary assessments at
baseline, preoperatively and 4–8 weeks postoperatively. The
study revealed that prehabilitation resulted in significant
improvements from with reference to baseline functional
capacity preoperatively [change in 6-minute walk distance
36.9 (51.4) vs. ‒22.8 (52.5) m, P<0.001] and postoperatively
[15.4 (65.6) vs. ‒81.8 (87.0) m, P<0.001] with respect to the
control group, but with no significant changes in surgical
and postoperative complications (4). Similarly, WynterBlyth and colleagues carried out an observational study
investigating the impact of a multimodal prehabilitation
program “PREPARE” in patients with esophago-gastric
cancers scheduled to receive NACT and surgery. Although
the patients did not experience an improvement in
functional capacity as observed in the previous study; the
non-significant changes in functional capacity, and quality
of life suggest that the intervention protected against the
decline in functional status that is classically witnessed in
the usual standard of care (63).
Knowledge gaps and future directions
It can be challenging to draw conclusions from the
literature given there is a large amount of heterogeneity
observed in both study populations but also the intervention
protocols. The heterogeneity can be reflected by the
inclusion of cancers from different anatomical locations
(gastric and esophageal), but also varying clinical stages,
pathologies (adenocarcinoma vs. squamous cell carcinoma),
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neoadjuvant treatments (NACT vs. NACRT) and surgical
interventions (gastrectomy vs. esophagectomy, open vs.
minimally invasive). It is important to also highlight that
between each of the interventions varied significantly as per
training frequency, duration, intensity, volume, and extent
of qualified supervision.
The science of prehabilitation as it pertains to
esophageal cancer is rapidly evolving, as such there are
several components which remain unclear and warrant
further exploration. Functional capacity as measured by
cardiopulmonary fitness has been recognized to be an
important predictive parameter of patient tolerance to
NAT, but also of survival (5). To this end, a systematic
review by O’Neil et al., confirmed that a low preoperative
fitness was consistently associated with an increased risk
of postoperative pulmonary complications (74). Exercise
is recognized to be safe and feasible during NAT and
provides important physiological adaptations. It improves
fitness and is therefore considered an essential element
of prehabilitation in esophageal cancer (65). Although
the American College of Sport Medicine has published
exercise guidelines for cancer patients, there is currently no
consensus on the optimal exercise prescription to effectively
counter the detrimental effects of neoadjuvant therapies and
surgery in these patients. Other related components that
warrant further investigation are different aerobic intensities
(high-intensity interval training vs. moderate steady state),
training location (home-based vs. supervised interventions),
and IMT protocols.
Poor nutritional status and unintentional weight loss are
common features of upper GI cancer, and increase patient
susceptibility to postoperative morbidity and mortality
(39,48). Hence, the importance of early nutritional support is
universally accepted, specifically interventions recommended
to ensure nutritional adequacy and oppose the depletion of
physiologic reserves (39). Dietary supplements may prove
to be an important utility in the nutritional management
of esophageal cancer. To the same extent, supplementation
with immune-modulating nutrients, protein and ergogenic
aids have been reported to improve nutritional status and
postoperative morbidity (19,41). The literature is however
heterogeneous, and therefore there is a need for high-quality
studies to identify and determine the ideal combination and
dose of nutrients required to elicit a significant reduction in
postoperative morbidity and mortality.
The diagnosis and management of cancer are both
known to be associated with emotional distress and anxiety,
which can negatively affect postoperative perception of pain
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and recovery. Nevertheless, very few studies have evaluated
the therapeutic potential of providing these patients with
psychological support prior to surgery and to what it can
affect postoperative morbidity and quality of life.
Even for multimodal prehabilitation, which represents
the attempt to synergize all the above components, the
current level of evidence in esophageal cancer is limited,
often based on retrospective study, lacking in statistical
power, and focused primarily on short-term outcomes.
Nevertheless, current data highlights the promising
effect that prehabilitation provides for high-risk patients.
Also, specifically with respect to adenocarcinoma of the
esophagus, we believe there is a need for robust longitudinal
studies with large sample sizes that would allow for a
proper assessment of the impact it has on postoperative
complications and long-term outcomes.
Conclusions
Although many clinicians agree that every effort should be
made to preserve physical, nutritional, and psychological
status along cancer care, data supporting the complex
perioperative risk management of esophageal carcinoma
resection remains insufficient.
Preventing perioperative functional decreases in
cardiorespiratory reserve is of primary importance. While
further studies are required to draw conclusion on surgical
and long-term outcomes, mounting evidence is available
on the efficacy and safety of prehabilitation on improving
perioperative functional trajectories. Mirroring the
philosophy of Enhanced Recovery Pathways, we suggest
that prehabilitation be introduced in clinical care as a
means to implement multidisciplinary and evidence-based
interventions to achieve a higher standard of care for this
challenging patient population.
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