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SUMMARY. Prehabilitation aims to optimize a patient’s functional capacity in preparation for surgery.
Esophageal cancer patients have a high incidence of sarcopenia and commonly undergo neoadjuvant therapy, which
is associated with loss of muscle mass. This study examines the effects of prehabilitation on body composition during
neoadjuvant therapy in esophageal cancer patients. In this cohort study, changes in body composition were compared
between esophageal cancer patients who participated in prehabilitation during neoadjuvant therapy and controls
who did not receive prehabilitation. Assessment of body composition was performed from CT images acquired at
the time of diagnosis and after neoadjuvant therapy. Fifty-one prehabilitation patients and 28 control patients were
identified. There was a significantly greater fall in skeletal muscle index (SMI) in the control group compared with
the prehabilitation patients (� SMI mean difference = −2.2 cm2/m2, 95% CI –4.3 to −0.1, p=0.038). Within
the prehabilitation cohort, there was a smaller decline in SMI in patients with ≥75% adherence to exercise in
comparison to those with lower adherence (� SMI mean difference = −3.2, 95% CI –6.0 to −0.5, P = 0.023). A
greater decrease in visceral adipose tissue (VAT) was seen with increasing volumes of exercise completed during
prehabilitation (P = 0.046). Loss of VAT during neoadjuvant therapy was associated with a lower risk of post-
operative complications (P = 0.017). By limiting the fall in SMI and promoting VAT loss, prehabilitation may
have multiple beneficial effects in patients with esophageal cancer. Multi-center, randomized studies are needed to
further explore these findings.
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INTRODUCTION

Cachexia and sarcopenia are common features of
esophageal cancer,1 characterized by dysregulated
energy metabolism and wasting of skeletal muscle.
Predisposing factors include the burden of the tumor
itself and the physiological effects of chemoradio-
therapy,2,3 exacerbated by anorexia and mechanical
obstruction of the esophagus. Previous studies have
identified sarcopenia as a negative prognostic indica-
tor in patients with esophageal cancer, predicative of
chemotherapy toxicity, postoperative complications
and worse overall survival.1,2,4–6

Prehabilitation is an emergent field of perioper-
ative medicine focusing on strategies to optimize a
patient’s functional capacity in preparation for the
physiological challenge of major surgery. Although
highly variable, common components of prehabili-
tation programs include physical exercise, nutrition

and psychological interventions.7 In patients under-
going major intra-abdominal surgery, prehabilitation
has been associated with a 40% reduction in overall
postoperative complications and a 60% reduction in
pulmonary complications.8,9

Esophageal cancer patients are notable for their
high incidence of sarcopenia.1 This is compounded
by the common requirement for neoadjuvant therapy,
which is itself associated with a fall in muscle
mass.3,10 Preoperative exercise may therefore have
a particularly beneficial effect on muscle mass in
this high-risk group of patients. Prehabilitation has
been shown to reduce skeletal muscle loss in patients
with esophageal cancer during neoadjuvant therapy
and increase skeletal mass in rectal cancer patients
undergoing neoadjuvant chemoradiotherapy.11,12

However, the effects of prehabilitation on other body
composition parameters have not been studied to
date.
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The primary aim of this exploratory study was to
assess the impact of prehabilitation on changes in
body composition in patients undergoing multimodal
treatment for esophageal cancer. Secondary aims of
the study include identifying factors that are associ-
ated with changes in body composition in prehabilita-
tion patients and examining the relationship between
changes in body composition and postoperative out-
comes.

METHODS

Study design

This was a single-center retrospective cohort study.
Ethical approval for retrospective analysis of patient
data was granted by the UK Health Research Author-
ity (ref: 268837).

Subjects

Patients who underwent esophagectomy after neoad-
juvant therapy for esophageal or gastro-esophageal
junction (GOJ) cancer at Imperial College NHS
Healthcare Trust between January 2015 and Decem-
ber 2018 were eligible for inclusion in this study.

From January 2016 to December 2018 all patients
were invited to participate in a structured preha-
bilitation program. Patients who completed this
program were included in the prehabilitation study
group. Patients who did not complete or declined the
program were excluded from this study. The control
group comprised of patients who received treatment
in 2015 (prior to the introduction of the program)
and patients from 2016 to 2018 who underwent
resection at the same center as the prehabilitation
cohort but either started their treatment at a different
center so did not participate in the program or
were not included in the prehabilitation program
due to administrative constraints during the initial
introduction of the program. Other than the provision
of prehabilitation, the perioperative care of all
patients was comparable.

PREPARE for Surgery prehabilitation program

The PREPARE for Surgery (Physical activity, Res-
piratory exercises, Eat well, Psychological well-
being, Ask about medications, Remove bad habits,
Enhanced recovery) prehabilitation program was
developed as a quality improvement initiative. Details
of the PREPARE for Surgery program have previ-
ously been published13 and are summarized below.

PREPARE for Surgery is a home-based, multi-
modal prehabilitation program, which starts imme-
diately after the completion of staging investigations
and continues throughout neoadjuvant therapy until
the time of surgery (covering a period of approxi-
mately 16 weeks).

Exercise intervention

Patients were prescribed a personalized exercise pro-
gram by a trained exercise therapist. This included a
combination of aerobic and strength exercises with a
prescribed frequency, intensity and duration for each
exercise .14 The type, frequency, intensity and duration
of each exercise was personalized according to the
results of submaximal exercise testing, activities of
daily living, previous exercise behavior, medical co-
morbidities and social circumstances. An example of
a personalized exercise prescription is provided in
Supplementary File 1.

Weekly telephone ‘touch-points’ with an exercise
therapist were used to monitor adherence. Providing
the patient was achieving their exercise prescription,
the program was increased by frequency, time and
then intensity. In keeping with WHO guidelines,
patients were prescribed a minimum of 600 metabolic
equivalent of task (MET) minutes week−1 (150 min-
utes of moderate intensity activity), with the aim
of increasing this to 1200 MET minutes week−1

(300 minutes of moderate intensity activity per
week).15

Using exercise diaries, patients self-reported the
frequency, duration and intensity with which they
completed each exercise every week. To self-regulate
and assess the intensity of exercise, patients were
trained to use the Borg scale rating of perceived
exertion (RPE).16–18 RPE scores were used to
estimate the percentage of METSmax at which
they exercised.18 At the start of the program each
patient’s METSmax was calculated using the Chester
Step Test;19,20 thus, using the METSmax and the
percentage derived from the RPE scores, the estimated
achieved intensity in METS was calculated. The
weekly exercise duration, intensity and frequency for
each activity were multiplied to provide an estimate
of the volume of physical activity in MET minutes
week−1.

There is no standardized method for measuring
adherence in exercise studies.21 A weekly adherence
was calculated by dividing the self-reported com-
pleted volume of physical activity in MET minutes
week−1 by the prescribed MET minutes week−1,
expressed as a percentage. There is no definition
for acceptable levels of adherence to exercise.21

Acceptable adherence to the prescribed exercise
program was pragmatically defined as an average
weekly adherence of 75% or greater across the whole
program.

Nutritional intervention

All patients were reviewed by a specialist esopha-
gogastric cancer dietitian who undertook an assess-
ment of nutritional status including identification and
stratification of nutritional risk. Based on patients’
self-reported dietary eating habits, symptoms (such as
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dysphagia) and biochemical nutritional deficiencies,
a personalized plan was created. ESPEN guidelines
for clinical nutrition in cancer patients were used
to determine estimated dietary requirements: energy
intake of 25–30 kcal/kg/day, protein intake of 1.0–
1.5 g/kg/day, and vitamin and mineral intake at
the recommended daily allowances.22 Interventions
included dietary advice, oral supplementation or
enteral feeding via a jejunostomy or nasogastric
tube. Weekly or fortnightly phone calls were used to
monitor nutritional status.

Analysis of body composition

Patient’s body composition was assessed at diagno-
sis (before neoadjuvant therapy) and after comple-
tion of neoadjuvant therapy (before surgery). Assess-
ment was performed using a single contrast-enhanced
CT image, taken at the midpoint of the third lum-
bar (L3) vertebral body. CT images were exported
from the picture archiving and communication system
(PACS) and saved as an anonymized Digital Imag-
ing and Communications in Medicine (DICOM) file.
Anonymization of CT images was confirmed using
the MIRC DICOM Editor (Ver. 35. MIRC; http://
mirc.rsna.org). Segmentation of skeletal muscle (−29
to +150 HU), visceral (−150 to −50 HU) and sub-
cutaneous (−190 to −30 HU) adipose tissues was
performed using Slice-O-Matic (Ver. 5.0, Tomovision,
Magog, Canada) using the ABACS-L3 module (Ver.
1.0, Voronoi Health Analytics, Canada). Two trained
assessors (LH, PB), who were blinded to patient iden-
tity and image sequence, performed subsequent man-
ual correction of segmented images.

Skeletal muscle index (SMI) was calculated as
the ratio of lumbar skeletal muscle area to height
squared. Sarcopenia was defined using Prado’s
criteria for low muscle mass: SMI <52.4 cm2/m2

for men and < 38.5 cm2/m2 for women.23 Sarcopenic
obesity was defined as sarcopenia in the presence of
body mass index (BMI) ≥30 kg/m2. Visceral obesity
was defined as a visceral fat area > 163.8 cm2 for men
and > 80.1 cm2 for women.2

Hand-grip strength in the prehabilitation cohort

Hand-grip strength was measured as a part of
the prehabilitation program to provide a validated
assessment of muscle function.24 It was measured
at the start of prehabilitation and again following
completion of neoadjuvant therapy using a Takei
digital hand-grip dynamometer. Patients were asked
to squeeze the dynamometer as tight as possible using
their non-dominant hand and the highest of three
repeated readings was recorded.25

Outcome measurements

The primary outcome measure of this study was
change in parameters of body composition (weight,

BMI, skeletal muscle, visceral adipose tissue, sub-
cutaneous adipose tissue and total adipose tissue).
Secondary outcome measures included hand-grip
strength, adherence to preoperative exercise, volume
of physical activity completed during prehabilitation
and 60-day postoperative complications. Complica-
tions were defined according to the Esophagectomy
Complication Consensus Group (ECCG) guidelines26

(whereby lower respiratory tract infections were
defined by the American Thoracic Society guidelines
for hospital acquired pneumonia27).

Statistical analysis

Statistical analysis was performed using SPSS version
26 (IBM, New York, USA). Normality of data was
assessed visually and using the Kolmogorov–Smirnov
(with Lilliefors correction) and Shapiro–Wilk nor-
mality tests. Depending on their distribution, continu-
ous variables are presented as either mean ± standard
deviation or median [interquartile range, IQR].
Changes in continuous variables over time were
assessed using a paired T test or Wilcoxon test,
respectively. Between-group comparison of contin-
uous variables was performed using the Independent-
Samples T test or Mann–Whitney U test, respectively.
Categorical variables were compared using the chi-
squared or Fisher’s exact tests. Correlation between
continuous variables was assessed using a Pearson’s or
Spearman’s rank test, depending on data distribution.
Multiple regression analysis was used to determine
the factors associated with the change in body
composition and binary logistic regression was used
to determine the factors associated with postoperative
outcomes. Two-tailed tests were used throughout with
a significance level of P < 0.05.

RESULTS

Between January 2016 and December 2018, 69
patients with esophageal or GOJ cancer were invited
to participate in the PREPARE program prior to
starting neoadjuvant therapy. Eighteen patients were
excluded: declined to participate in the PREPARE
program (n = 1); declined surgery (n = 1); change in
clinical status precluding resection (disease progres-
sion or medical co-morbidities) (n = 8); and lack of
availability of matched CT images pre- and post-
neoadjuvant therapy (n = 8). No patients dropped
out of the prehabilitation program. Consequently,
51 patients were included in the prehabilitation
group (Fig. Fig. 1). Thirty-nine control patients who
underwent neoadjuvant therapy followed by surgery
but did not complete prehabilitation were identified
(Fig. Fig. 1). Matched CT images were not available
for 11 of these patients, and therefore 28 control
patients were included in the analysis. Characteristics
of study participants are presented in Table 1.

http://mirc.rsna.org
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Fig. 1 Study participant flow chart

Table 1 Study participant characteristics

Prehabilitation patients (n = 51) Controls (n = 28) P-Value

Age (years) 66 2 ± 9.9 63.5 ± 9.6 0.245
Gender, male n (%) 37 (73%) 22 (76%) 0.556
Tumor location n (%)

Esophagus 32 (63%) 17 (61%) 0.859
GOJ 19 (37%) 11 (39%)

Histological subtype n (%)
Adenocarcinoma 43 (84%) 21 (75%) 0.313
Squamous cell carcinoma 8 (16%) 7 (25%)

Neoadjuvant therapy n (%)
Chemotherapy 37 (73%) 21 (75%) 0.814
Chemoradiotherapy 14 (27%) 7 (25%)

Clinical stage n (%)
I 1 (2%) 1 (3%) 0.357
II 7 (14%) 3 (11%)
II 35 (69%) 15 (54%)
IV 8 (15%) 9 (32%)

ASA grade n (%)
II 44 (86%) 21 (75%) 0.209
III 7 (14%) 7 (25%)
Charlson Comorbidity Index 4.7 ± 1.3 4.4 ± 1.2 0.351
Time interval between scans days 97.6 ± 26.0 119.0 ± 39.5 0.014

Esophagectomy
2-stage 35 (68%) 15 (54%) 0.314
3-stage 9 (18%) 9 (32%)
Thoracoabdominal 7 (14%) 4 (14%)

Surgical approach
Open 48 (94%) 25 (89%) 0.438
Hybrid minimally invasive † 3 (6%) 3 (11%)

Baseline body composition
Weight (kg) 80.7 ± 19.8 79.5 ± 13.3 0.772
BMI (kg/m2) 27.6 ± 6.8 26.6 ± 3.5 0.394
SM area (cm2) 133.8 ± 32.0 149.3 ± 26.7 0.033
SMI (cm2/m2) 45.4 ± 8.9 49.9 ± 6.8 0.024
TAT area (cm2) 398.4 ± 192.4 403.6 ± 154.4 0.902
VAT area (cm2) 171.3 ± 90.3 176.0 ± 102.7 0.834
SAT area (cm2) ‡ 200.1 (151.3, 278.8) 211.1 (165.1, 296.4) 0.580
Sarcopenia, n (%) 34 (66%) 14 (50%) 0.147
Visceral obesity, n (%) 33 (65%) 15 (54%) 0.332

Continuous data presented as mean ± SD unless otherwise stated. GOJ = gastro-esophageal junction; ASA = American Society of Anesthe-
siologist physical status classification; NA-therapy = neoadjuvant therapy; SM = skeletal muscle; SMI = skeletal muscle index; TAT = total
adipose tissue; VAT = visceral adipose tissue; SAT = subcutaneous adipose tissue.
†Laparoscopic abdominal stage, open thoracic stage; ‡Non-parametric data, displayed as median (interquartile range)
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Table 2 Change in body composition parameters during neoadjuvant therapy

Prehabilitation patients (n = 51) Controls (n = 28) Mean difference (95% CI) P-Value

� Weight (kg) −1.6 ± 5.2∗ −3.0 ± 4.5∗ −1.5 (−3.8 to 0.9) 0.215
� BMI (kg/m2) −0.6 ± 1.9∗ −1.1 ± 1.5∗∗ −0.4 (−1.3 to 0.4) 0.313
� SM area (cm2) −8.7 ± 14.0∗∗∗ −15.5 ± 11.3∗∗∗ −6.8 (−12.9 to −0.6) 0.031
� SMI (cm2/m2) −3.0 ± 4.8∗∗∗ −5.2 ± 3.7∗∗∗ −2.2 (−4.3 to −0.1) 0.038
� TAT area (cm2) −27.3 ± 81.0∗∗∗ −33.3 ± 63.2∗∗ −6.0 (−41.2 to 29.2) 0.735
� VAT area (cm2) −16.9 ± 48.0∗ −19.4 ± 42.4∗ −2.5 (−24.1 to 19.1) 0.818
� SAT area (cm2) † −5.6 (−31.0, 16.9) −11.0 (−35.7, 4.8) n/a 0.608

Relative changes in body composition
Relative � Weight (%) −1.5 ± 6.5 −3.9 ± 5.9 −2.5 (−5.3 to 0.5) 0.099
Relative � BMI (%) −1.7 ± 7.0 −3.9 ± 5.9 −2.3 (−5.4 to 0.8) 0.151
Relative � SM area (%) −6.1 ± 11.4 −10.6 ± 7.5 −4.5 (−8.7 to −0.2) 0.039
Relative � SMI (%) −6.3 ± 11.6 −10.6 ± 7.5 −4.3 (−8.5 to −0.2) 0.050
Relative � TAT area (%) † −6.1 (−21.2, 6.4) −9.4 (−19.8, −0.1) n/a 0.559
Relative � VAT area (%) † −10.7 (−28.9, 2.9) −12.4 (−30.5, 0.9) n/a 0.731
Relative � SAT area (%) † −3.9 (−18.0, 8.1) −5.8 (−14.9, 1.6) n/a 0.678

Continuous data presented as mean ± SD unless otherwise stated. SM = skeletal muscle; SMI = skeletal muscle index; TAT = total adipose
tissue; VAT = visceral adipose tissue; SAT = subcutaneous adipose tissue; n/a = not applicable.
†Non-parametric data, displayed as median (interquartile range).
Within group comparison of change before and after neoadjuvant therapy: ∗ P < 0.05; ∗∗ P < 0.01; ∗∗∗ P < 0.001

Within the prehabilitation group, 18 patients
(35%) received oral nutritional supplementation
during neoadjuvant therapy and four (8%) received
supplemental feeding by either a nasogastric tube
or jejunostomy. Seven patients in the control group
received oral nutritional supplementation (25%)
and one patient received jejunostomy feeding (4%).
There was no significant difference in the use of
nutritional interventions between the two groups
(oral supplementation P = 0.347, nasogastric or
jejunostomy feeding P = 0.456).

Changes in body composition during neoadjuvant
therapy

Baseline body composition characteristics are pre-
sented in Table 1. A significant decrease in weight,
BMI, skeletal muscle (SM) area, skeletal muscle index
(SMI), visceral adipose tissue (VAT) and total adipose
tissue (TAT) was observed in both groups after neoad-
juvant therapy (Table 2).

Comparing the change in body composition
between the two groups, there was a significantly
greater fall in SMI in the control group compared
with the prehabilitation patients (Table 2; � SMI
mean difference = −2.2 cm2/m2, 95% CI -4.3 to
−0.1, P = 0.038). There was also a larger % decrease
in SMI in the controls compared with the preha-
bilitation patients (Table 2; relative � SMI mean
difference = −4.3%, 95% CI –8.5 to −0.2, P = 0.05).
There were no significant differences in changes in
other body composition parameters between the two
groups.

To adjust for the lower baseline SM area and
SMI in the prehabilitation group, a propensity score
was created using a multivariate logistical regression

model, with SM area and SMI as co-variates. Using
the propensity score, patients in the prehabilitation
group were matched 1:1 to those in the control group,
with a match tolerance of 0.05. This generated 28
patients in each group (Supplementary File 2). Both
the absolute and relative changes in SMI remained
significantly different between the two groups, with
a larger fall in the control group (Supplementary
File 2).

Hand-grip strength

Hand-grip strength was measured in the prehabilita-
tion group only. It did not vary significantly between
assessment at diagnosis and after neoadjuvant
therapy (30.7 ± 8.5 vs. 30.3 ± 8.3; P = 0.491). Hand-
grip strength at diagnosis (R2 = 0.576, P = 0.001)
and after neoadjuvant chemotherapy (R2 = 0.554,
P = 0.001) was correlated to skeletal muscle area.

Change in body composition and adherence to
pre-operative exercise in prehabilitation patients

Data on exercise adherence and physical activity dur-
ing prehabilitation was available for 47 patients in the
prehabilitation cohort (92%). The mean amount of
activity completed during neoadjuvant therapy was
858 ± 727 MET minutes week−1. The mean adher-
ence to the personalized exercise prescriptions during
neoadjuvant therapy was 55 ± 31.3%.

Variations in body composition parameters based
on patient adherence to the personalized exercise
prescriptions are presented in Table 3. The decline
in SMI was significantly less in patients with ≥75%
adherence (� SMI mean difference = −3.2 cm2/m2,
95% CI –6.0 to −0.5 P = 0.023). There were no

https://academic.oup.com/dote/article-lookup/doi/10.1093/dote/doac046#supplementary-data
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Table 3 Change in body composition parameters stratified by adherence to personalized exercise prescriptions

Adherence ≥ 75% n = 15 Adherence < 75% n = 32 Mean difference (95% CI) P-Value

� Weight (kg) 0.3 ± 5.9 −2.2 ± 4.5 −2.4 (−6.0 to 1.1) 0.169
� BMI (kg/m2) 0.1 ± 1.9 −0.9 ± 1.9 −1.0 (−2.1 to 0.2) 0.105
� SM area (cm2) −1.4 ± 13.3 −10.3 ± 12.3 −8.9 (−16.9 to −0.9) 0.040
� SMI (cm2/m2) −0.4 ± 4.2 −3.7 ± 4.4 −3.2 (−6.0 to −0.5) 0.023
� TAT area (cm2) −32.0 ± 106.9 −31.5 ± 71.6 0.5 (−63.0 to 64.0) 0.987
� VAT area (cm2) −14.4 ± 65.4 −22.2 ± 39.2 −7.8 (−38.9 to 23.3) 0.616
� SAT area (cm2) † −5.6 (−25.8, 12.5) −10.2 (−40.6, 16.9) n/a 0.916
� Hand-grip strength (kg) −0.2 ± 3.2 −0.2 ± 3.5 n/a 0.970

Adherence ≥ 50% n = 28 Adherence < 50% n = 19 Mean difference (95% CI) P-Value

� Weight (kg) −0.9 ± 5.5 2.0 ± 4.3 1.2 (−1.7 to 4.0) 0.424
� BMI (kg/m2) −0.4 ± 1.9 −0.9 ± 2.0 0.6 (−0.6 to 1.7) 0.323
� SM area (cm2) −4.8 ± 13.3 −10.9 ± 12.2 −6.1 (−13.7 to 1.5) 0.114
� SMI (cm2/m2) −1.6 ± 4.6 −3.9 ± 4.3 −2.2 (−4.9 to 0.4) 0.096
� TAT area (cm2) −25.0 ± 95.8 −38.7 ± 60.1 −13.7 (−59.8 to 32.4) 0.552
� VAT area (cm2) −11.7 ± 53.3 −29.5 ± 39.2 −17.7 (−44.9 to 9.5) 0.197
� SAT area (cm2) † −7.9 (−35.0, 19.0) −9.3 (−40.6, 9.1) n/a 0.897
� Hand-grip strength (kg) −0.2 ± 2.9 −0.1 ± 4.1 n/a 0.934

Continuous data presented as mean ± SD unless otherwise stated. SM = skeletal muscle; SMI = skeletal muscle index; TAT = total adipose
tissue; VAT = visceral adipose tissue; SAT = subcutaneous adipose tissue; n/a = not applicable.
†Non-parametric data, displayed as median (interquartile range)

significant differences in the changes in other body
composition parameters between patients with
≥75% and < 75% adherence. When the adherence
threshold was decreased to ≥50%, compliance with
the prescribed exercise program was no longer
protective for preservation of the SM area and SMI
(Table 3).

On multivariate analysis, there was no relation-
ship between the decrease in SMI during neoadjuvant
therapy and age, ASA grade, Charlson Comorbidity
Index (CCI), clinical stage, baseline fitness, adherence
(%) or average weekly physical activity (Supplemen-
tary File 3). However, increasing amounts of average
weekly physical activity were associated with a greater
loss of VAT during neoadjuvant therapy (Supplemen-
tary File 3, P = 0.046).

Change in body composition and postoperative
outcomes

Thirty-three prehabilitation patients (65%) developed
one or more postoperative complications, 13 of which
were classified as severe complications (Clavien Dindo
grade ≥ 3). Twenty control patients (71%) developed
one or more postoperative complications, 14 of which
were severe complications (Clavien Dindo grade ≥ 3).
There was no significant difference in the overall com-
plication rate between the two groups (P = 0.543).
There was, however, a trend for a lower incidence of
lower respiratory tract infection in the prehabilita-
tion group: 17 patients (33%) in the prehabilitation
group, compared with 15 patients (54%) in the control
group, P = 0.080. Comparison of complications in the
propensity score matched groups is shown in Supple-
mentary File 2.

Patients who developed complications lost sig-
nificantly less VAT during neoadjuvant therapy in
comparison to patients who did not develop compli-
cations (Table 4, � VAT mean difference = −23.7 cm2,
95% CI –45.0 to −2.3, P = 0.030). On multivariate
analysis, loss of VAT during neoadjuvant ther-
apy was associated with a lower risk of post-
operative complications (Supplementary File 3,
P = 0.017).

DISCUSSION

We have observed that prehabilitation appears to pre-
serve skeletal muscle during neoadjuvant therapy. We
have also found some evidence of a dose–response
effect, with greater preservation of skeletal muscle
with higher levels of adherence to preoperative exer-
cise. Finally, we have observed that loss of VAT may
be protective against postoperative complications.

Our finding of a positive impact of prehabilitation
on muscle mass is in keeping with previous studies;
prehabilitation during neoadjuvant therapy has been
shown to reduce muscle loss in esophageal cancer
patients and increase skeletal mass in rectal cancer
patients.11,12 In keeping with this previous study
of prehabilitation in esophageal cancer patients,11

we found a similar magnitude of change in muscle
mass in our study, and also found that hand-grip
strength was preserved in prehabilitation patients
during neoadjuvant therapy, suggesting preservation
of muscle function. However, in our study hand-grip
strength was not recorded in the control group, and
therefore a comparison of function between the two
groups was not possible.

https://academic.oup.com/dote/article-lookup/doi/10.1093/dote/doac046#supplementary-data
https://academic.oup.com/dote/article-lookup/doi/10.1093/dote/doac046#supplementary-data
https://academic.oup.com/dote/article-lookup/doi/10.1093/dote/doac046#supplementary-data
https://academic.oup.com/dote/article-lookup/doi/10.1093/dote/doac046#supplementary-data
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Table 4 Variation in body composition in all study participants, stratified by postoperative complications

Any complication n = 53 No complications n = 26 Mean difference (95% CI) P-Value

� Weight (kg) −2.1 ± 5.3 −2.1 ± 4.4 0.0 (−2.4 to 2.4) 0.996
� BMI (kg/m2) −0.8 ± 1.9 −0.7 ± 1.5 0.1 (−0.8 to 1.0) 0.821
� SM area (cm2) −11.0 ± 12.7 −11.5 ± 15.1 −0.5 (−6.9 to 6.0) 0.882
� SMI (cm2/m2) −3.7 ± 4.4 −3.8 ± 4.9 −0.1 (−2.3 to 2.1) 0.935
� TAT area (cm2) −16.2 ± 75.3 −56.4 ± 67.6 −40.1 (−74.9 to −5.4) 0.024
� VAT area (cm2) −10.0 ± 47.2 −33.7 ± 39.4 −23.7 (−45.0 to −2.3) 0.030
� SAT area (cm2) † −2.9 (−20.3, 16.8) −16.3 (−44.4, 0.1) n/a 0.055

Continuous data presented as mean ± SD unless otherwise stated. SM = skeletal muscle; SMI = skeletal muscle index; TAT = total adipose
tissue; VAT = visceral adipose tissue; SAT = subcutaneous adipose tissue; n/a = not applicable.
†Non-parametric data, displayed as median (interquartile range)

Not all studies into the effects of prehabilitation on
muscle mass have shown a beneficial effect. Studies
where patients did not receive neoadjuvant therapy
have failed to show a significant impact of preha-
bilitation on muscle mass.28,29 We believe that par-
ticular benefit may be derived from exercise during
neoadjuvant treatment due to the deleterious effect
of chemotherapy and chemoradiotherapy on muscle
mass.

The prehabilitation patients in our study who had
high adherence to their personalized exercise pro-
gram had greater preservation of skeletal muscle. This
benefit was not maintained when the threshold for
acceptable adherence was decreased, highlighting the
importance of regular participation in exercise to limit
loss of skeletal muscle. In our multivariate analy-
sis of factors associated with loss of skeletal muscle
within the prehabilitation patients, the overall adher-
ence percentage was not a significant factor. This
may imply a non-linear relationship between exer-
cise adherence and preservation of muscle, and high
levels of adherence may be needed to limit muscle
loss. More research is needed into ways to improve
adherence to home-based exercise during neoadju-
vant therapy, such as wearable technology, video exer-
cises, greater exercise personalization and the incorpo-
ration of other behavior change techniques.

Overall, we saw a significant decrease in VAT
during neoadjuvant therapy. A fall in VAT:SAT is seen
in esophageal cancer patients during neoadjuvant
therapy,3 indicating that changes in adiposity may
occur as a consequence of the underlying disease
and oncological treatments. However, we found that
the amount of VAT lost in the preoperative period
was significantly related to the volume of exercise
completed, with a greater decrease in VAT seen with
increasing volumes of physical activity.

Our study is the first to observe a relationship
between changes in adiposity during neoadjuvant
therapy and postoperative complications. There was a
high incidence of visceral obesity in our study popula-
tion. Obesity is a risk factor for developing esophageal
cancer.30–32 It is also a poor prognostic factor in some

cancers; for example, pancreatic cancer patients with
a high VAT:SAT ratio have a lower overall survival
and disease-free survival,33 and VAT:abdominal
muscle area ratio is an independent risk factor for
postoperative complications in patients with gastric
cancer.34 In esophageal cancer patients, high volumes
of VAT after neoadjuvant therapy is associated
with poorer overall survival.35 VAT is metabolically
active and secretes a range of pro-inflammatory
cytokines.36 Reducing adiposity reduces systemic
inflammation and improves glycemic control,37–39

which represents a possible mechanism by which
reducing VAT may reduce the risk of postoperative
complications. Further research is needed to examine
these parameters in relation to changes in VAT during
prehabilitation.

There is significant heterogeneity in the content of
prehabilitation programs, including substantial differ-
ences in the type and intensity of exercise.9,40 Given
the relationship we have observed between VAT loss
and complications, we propose that exercise programs
targeting VAT loss should be explored. High or mod-
erate intensity exercise is associated with VAT loss
in overweight and obese patients.41,42 High-intensity
interval training (HIIT) in cancer survivors has also
been shown to result in larger reductions in fat mass
compared with low or moderate intensity continuous
training .43,44 HIIT was not used in this study, but it
has been trialed in patients undergoing prehabilitation
and shown to be safe and feasible, with significant
improvements in cardiorespiratory fitness.45 However,
the effect of HIIT-based prehabilitation on body com-
position and postoperative outcomes has not been
established, and the impact of HIIT has not been
compared with moderate or low intensity exercise in
the preoperative setting.

Both dietary modifications and exercise can be
used to induce VAT loss .46,47 However, studies sug-
gest that a reduction in VAT is not seen without over-
all weight loss when dietary interventions alone are
used, whereas VAT loss can be achieved with exercise
even when no significant weight loss occurs.47 Due to
the metabolic effects of cancer, overall weight loss may
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not be desirable in all patients and therefore exercise
may be a more suitable strategy to achieve VAT loss
compared with calorie restriction.

The nutritional support needed by esophageal
patients is very variable. While some patients may
need to lose weight, others will need to gain weight,
and some may have very poor oral intake due
to dysphagia. In keeping with guidelines from
Macmillan Cancer Support, nutritional support was
a key component of the prehabilitation program
in this study48 and patients were reviewed every
two weeks by a specialist esophagogastric cancer
dietitian, using standardized guidelines to optimize
nutrition. This proactive approach contrasts with
the reactive approach to nutrition in the standard
preoperative cancer pathway used in the control
patients. Whilst nutritional deficiencies may have
been identified and addressed in the control patients,
traditional preoperative nutritional support is often
ad hoc, with variable nutritional input from a range
of healthcare professionals. A higher proportion of
patients in the prehabilitation group received oral
supplementation or supplemental feeding by either
a nasogastric tube or jejunostomy compared with
the controls, and although these differences were not
statistically significant, we believe that this reflects the
proactive approach in the prehabilitation program to
identifying and managing nutritional deficiencies.

There are several limitations to this study. The time
interval between CT scans was longer in the control
group than in the prehabilitation patients (Table 1).
There are no studies to date assessing the rate of
preoperative muscle mass loss in esophageal cancer
patients, so it is not possible to definitively conclude
what effect this time difference may have on changes in
muscle mass. Nonetheless, the longer time interval in
the control group may contribute to the differences in
muscle loss between the two groups and it is possible
that the difference in change in muscle mass may be a
result of this time discrepancy. However, our finding
of less muscle loss with prehabilitation is in keeping
with a previous study in this patient group.11

All patients who completed the program between
January 2016 and December 2018 and underwent
neoadjuvant chemotherapy were eligible for this
study. Despite this, the sample size may be insufficient
to detect the effect of changes in some body com-
position parameters, such as SMI, on postoperative
outcomes. Other factors independent of the prehabili-
tation program may have influenced both the changes
in body composition and postoperative outcomes.
This includes the use of neoadjuvant radiotherapy, the
number of cycles of chemotherapy received, and side
effects and toxicity from neoadjuvant therapy. Due
to the sample size, it was not possible to undertake
subgroup analyses to control for the effects of these
factors. Furthermore, although we have reported
postoperative outcomes in this study, this was not

the primary outcome, and the study was not powered
to detect a difference in complications. A large,
multi-center randomized controlled trial should be
undertaken to provide a sufficient sample size to allow
the analysis of a broader range of outcomes and to
control for the effects of different patient variables.
Multi-center studies are also particularly important to
establish whether the benefits seen in this and in other
studies11 can be replicated in wider clinical practice.

Finally, in this home-based prehabilitation pro-
gram, measurements of physical activity and adher-
ence were self-reported, and their accuracy cannot be
verified. The use of eHealth technology and activ-
ity trackers may provide a more accurate assessment
of exercise volume, and this is an area of ongoing
research.

In view of our findings in this exploratory study,
further research is needed to delineate the relationship
between changes in body composition during preha-
bilitation and clinical outcomes. By limiting the loss of
skeletal mass and promoting the loss of VAT before
surgery, prehabilitation may have multiple beneficial
effects on body composition in esophageal cancer
patients.
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