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Purpose: Exercise before surgery, as part of prehabilitation, aiming to enhance patients’ functional and physio-
logical capacity, has become widespread, necessitating an in-depth understanding.

Methods: A systematic search was conducted on Pubmed, Cochrane, and Scopus to examine the effect of exercise
as prehabilitation, alone or in combination with other interventions, in patients with cancer. Interventional
studies applying a single-arm, randomized controlled, or nonrandomized design were included.

Results: A total of 96 studies were included, and categorized according to cancer types, i.e., gynecological, breast,
urological, gastrointestinal and lung cancer. For each cancer site, the effect of exercise, on physical fitness pa-
rameters and postoperative outcomes, including length of hospital stay and postoperative complications, was
reported.

Conclusion: Exercise as prehabilitation may have an important role in improving physical fitness, postoperative
outcomes, and accelerating recovery, especially in certain types of malignancies.

Physical activity

1. Introduction

With an estimated 24.6 million new cases and 12.9 million related
deaths by 2030, cancer is one of the most common chronic diseases and
the leading cause of death globally (IARC, 2023). Surgery represents one
of the major pillars of cancer care, encompassing the preventive, diag-
nostic, curative, palliative, and reconstructive fields, and it was esti-
mated that 80 % of patients would need surgery (Sullivan et al., 2015).
Over the years, thanks to the introduction of successful screening pro-
grams and the advances in the diagnostic phase, a large number of pa-
tients with cancer are and will be diagnosed with an early stage of the
disease. As a result, most patients are more likely to become eligible for
curative cancer surgery aimed at locoregional control of the primary
tumor (Sullivan et al., 2015). Nevertheless, surgery is often accompa-
nied by postoperative complications (PoC), leading to an increased
length of hospital stay (LoS), an elevated risk of intensive care unit

admission, and an increase in perioperative mortality (Sullivan et al.,
2015). Although postoperative outcomes depend on several factors,
such as the type of surgical procedure, cancer stage, gender, and neo-
adjuvant treatments, growing evidence suggests that patients’ physical
functions are fundamental. For instance, preoperative pulmonary func-
tion and cardiorespiratory fitness have been found to be prognostic
factors for PoC and overall survival in patients with lung cancer
(Avancini et al., 2021). Additionally, a meta-analysis including studies
on lung, bladder, liver, pancreatic, rectal, esophageal, and colorectal
cancer found that a higher preoperative cardiorespiratory fitness was
associated with the absence of postoperative and pulmonary complica-
tions (Steffens et al., 2021). Similarly, sarcopenia before surgery, i.e.,
the loss of skeletal muscle mass and strength, may negatively affect
postoperative outcomes, such as complications and overall survival in
colorectal, esophageal, pancreatic, and bladder cancers (van Vugt et al.,
2015). Sarcopenia can culminate in a condition of frailty defined as
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“reduced reserve and resistance to stressors, resulting from cumulative
declines across multiple organ systems, leading to the higher incidence
of adverse outcomes” (Morley et al., 2013) is an independent risk factor
of postoperative complications (Panayi et al., 2019), longer length of
hospital stay and mortality (Lin et al., 2016). Therefore, it is clear that
"enhancing the functional and physiological capacity of individuals to enable
them to withstand a stressful event (as surgery) and aid recovery after sur-
gery", is fundamental (Batchelor et al., 2019).

Since the 2000s, the ERAS (Enhanced Recovery After Surgery)
guidelines have been developed to optimize patients’ preoperative
multimodal management and substantially improve outcomes. To date,
23 guidelines have been available, many of which are referred to major
cancer surgery (Society). Preoperative physical exercise is often
included in the ERAS guidelines as a tool able to optimize patients’
physical function to better cope with "the homeostatic disturbance and
stress response associated with surgery, which is characterized by catabolism
and increased oxygen demand" (Batchelor et al., 2019). In recent years,
the research regarding physical exercise as prehabilitation in cancer is
spread widely, with several published researches, and reviews. Never-
theless, the available reviews are focused on selective cancer sites
(Avancini et al., 2021; Bundred et al., 2020; Falz et al., 2022; Toohey
et al., 2023), anticancer specific treatment side effects (Loughney et al.,
2016), specific exercise training and programs, e.g., high-intensity in-
terval training (HIIT) or aerobic continuous training(Franssen et al.,
2022); (Palma et al., 2021). To date a comprehensive review, collecting
the most recent evidence for exercise prehabilitation among each cancer
sites, is missing. In the current systematic review, we provide an over-
view of the interventional studies evaluating the impact of exercise
prehabilitation among different cancer sites in order to identify the
benefits and the current gaps in research.

2. Methods

A comprehensive PubMed, Scopus, and Cochrane search was con-
ducted on May 29, 2023 and updated on March 1, 2024. The utilized
keyword was related to exercise, e.g., preoperative exercise, preopera-
tive physical activity, prehabilitation, and different cancer sites, e.g.,
breast, colorectal, lung, bladder, liver, esophageal, gastric, head and
neck, ovarian, pancreatic, prostate, and skin. Detailed search strategy is
presented in Appendix A. The review was performed and reported
observing the Preferred Reporting Items for Systematic Reviews and
Meta-Analysis (PRISMA) statement (Page et al., 2021). The following
inclusion criteria were applied: i) adults patients affected by cancer; ii)
patients must be scheduled for surgery; iii) physical exercise could be
delivered alone or in combination with other approaches; iv) studies
must be interventional; v) study design could be single-arm, randomized
controlled or nonrandomized. Abstracts not published in extenso, re-
views, meta-analysis, interventions not including physical exercise, case
reports, non-English full text, and animal studies were excluded.

2.1. Study selection, data extraction, risk of bias, and data syntesis

Two independent reviewers (L.T. and N.D.B.) verified the studies
inclusion criteria. Initially, the screening were performed by evaluating
title and abstract, and subsequently the evaluation of the selected ref-
erences was undergo to full-text assessment by the same two authors.
Discrepancies were resolved by a third author (A.B.). A series of data
were extracted by each study, as reported in Appendix A. Risk of bias
assessment was perfomed by two independent authors (A.B. and C.C.).
Different tools were used according to the study design. The Cochrane
risk-of-bias tool for randomized trials (RoB 2), and the Risk of Bias
Assessment Tool for Nonrandomized Studies (RoOBANS 2) were use to
evaluated the risk of bias for randomized controlled studies and non-
randomized research, respectively. Risk of bias was categorized as
“low”, “moderate” and “high” (Seo et al., 2023; Sterne et al., 2019).
Given the heterogeneity in the study design, intervention, and
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population, a qualitative syntesis in narrative form is provided, focusing
on the different cancer sites. According to the Guidnce on th Conduct of
Narrative Synthesis in Systematic Reviews (Popay et al., 2006), the data
were examined using tables and narrative descriptions.

3. Results

Study selection flow-chart is presented in Appendix A. Briefly,
among the 2831 results, a total of 2653 were selected for title/abstract
screening. After, full-text revision, 96 studies, exploring explored the
role of an exercise program, defined as "planned, structured, and repetitive
body movement to improve or maintain one or more components of physical
fitness" (Caspersen et al., 1985), as component of cancer prehabilitation,
were included. Risk of bias assessment is reported in the Appendix A.
Herein, we report the main findings, caregorized by cancer types.

3.1. Gynecologic cancers

Only two studies (Table 1) have been conducted on patients with
gynecologic cancers (Diaz-Feijoo et al., 2022; Lee et al., 2020). A
single-arm trial, including 19 patients with endometrial cancer, has
evaluated the feasibility of a 2-week supervised preoperative exercise
program composed of moderate/vigorous aerobic, resistance, and core
stability activities performed five times per week. The protocol was
shown to be feasible, without adverse events, and postintervention as-
sessments revealed an increase in cardiorespiratory fitness (25.3 vs.
27.9 mL/kg/min, p<0.001), strength (lower limbs, 23.8 vs. 28.8 times,
p<0.001; handgrip 26.4 vs. 28.3kg, p<0.001), anxiety (6.8 vs. 3.3
points, p<0.001), depression (6.1 vs. 3.1 points, p<0.001) and some
domains of quality of life (QoL), while body composition did not
significantly change (Lee et al., 2020). Diaz-Feijoo B. et al. have proposed
a multimodal prehabilitation intervention lasting a median of 2 weeks
and including exercise, i.e.,HIIT, resistance exercises, and respiratory
physiotherapy, nutritional counseling with protein and immunonu-
trients supplementation, plus psychological support, in addition to
standard care based on ERAS protocol, fo patients affected by ovarian
cancer, scheduled to undergo surgery. Compared to a historical cohort
that had followed only the standard ERAS protocol, the interventional
group exhibited a higher preoperative albumin level (0.180 vs.
0.235 g/L, p=0.007), a shorter LoS (7 vs. 5 days, p=0.04) and shorter
time to starting chemotherapy (35 vs. 25 days, p=0.03), while no dif-
ferences were observed for intensive care unit stay, intraoperative
complications, and PoC (Diaz-Feijoo et al., 2022). Overall, the intro-
duction of exercise as prehabilitation in gynecological cancer is still in
its early stages. Additional investigations are required to explore and
clarify the role of exercise in this subset of cancers.

3.2. Breast cancer

Exercise in breast cancer, during and after adjuvant setting, is widely
studied, while few investigations are available for the prehabilitation
context (Table 1) (Brahmbhatt et al., 2020; Heiman et al., 2022; Heiman
et al., 2021; Knoerl et al., 2022; Ligibel et al., 2019). A feasibility study
proposing a home-based aerobic and upper quadrant-specific resistance
training, 3-5 days per week, in 22 patients reported good adherence to
the intervention. An increase of 57.10 m in the "Six minutes walking test"
(a surrogate of cardiorespiratory fitness) prior to surgery and its main-
tenance at 6 and 12 weeks after the surgical intervention was observed;
no changes were detected for upper-limb strength, shoulder range of
motion, and lymphedema, whereas fatigue and physical component of
QoL overall worsened at post-surgery time points (Brahmbhatt et al.,
2020).

Nevertheless, single-arm investigations are unable to distinguish
between the effect of the treatment versus non-treatment; in this case, a
randomized controlled design may be helpful to demonstrate the real
contribution of exercise. Following this line, two randomized controlled
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Table 1
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Studies investigating exercise prehabilitation in gynecological, breast and urological cancers.

Author (year) Study design, sample Anticancer Intervention Main results
size, cancer site and treatment
stage
Gynecologic cancer
Sang-Hwa L. Single arm NR At least 5 sessions in 2 weeks of resistance training, 1 VOamax, strength, QoL, depression and anxiety

et al. (2020)

Diaz-Feijoo B.
et al. (2022)

Breast cancer
Ligibel J. et al.
(2019)*

Knoerl R. et al.
(2021)*

Brahmbhatt P.
et al. (2020)

Heiman J. et al.
(2020)*

Heiman J. et al.
(2022)?

Urogenital cancer

Blackwell J.E.
M. et al.
(2020)

Singh F. et al.
(2016)

Santa Mina D.
et al. (2018)°

AuD. et al.
(2019)°

Jensen B.T.
et al. (2014)*

17 pts with endometrial
cancer, stage I and III

RCT
34 pts with ovarian
cancer, stage III-IV

RCT
48 pts with breast cancer,
stage I-IIT

RCT
48 pts with breast cancer,
stage I-IIT

Single arm
22 pts with breast cancer,
stage I-III

RCT
400 pts with breast
cancer, stage I-IIT

RCT
400 pts with breast
cancer, stage I-III

RCT

40 pts with mixed
genitourinary cancers
(prostate, bladder,
kidney)

Single arm

10 pts with prostate
cancer

RCT
86 pts with prostate
cancer, stage I-IIT

RCT
38 pts with prostate
cancer, stage I-III

RCT
129 pts with bladder
cancer, stage I-IV

Past neoadjuvant
chemotherapy

None

None

None

None

None

NR

NR

NR

NR

NR

3 sets for 12 reps, core stability training, +
moderate/vigorous walking program, 10,000 steps
daily

2-4 weeks of supervised HIIT training, resistance
training, and respiratory physiotherapy plus
nutritional counseling with protein
supplementation plus psychological preparation vs.
standard of care

4 weeks of supervised sessions twice a week,
including 30-45 min. moderate aerobic training and
20 min strength training + unsupervised aerobic
training to reach 180 min weekly vs. mind-body
intervention

4 weeks of supervised sessions twice a week,
including 30-45 min. moderate aerobic training and
20 min strength training + unsupervised aerobic
training to reach 180 min weekly vs. mind-body
intervention

4 weeks of home-based program, 3-5 days per week
of 30-40 min. aerobic training at moderate-
intensity and resistance training, 2-3 sets of 10-12
reps, 2-3 days per week

2 weeks of 30 min. daily aerobic training at
moderate intensity plus 4-week postoperative
supervised 30 min. daily aerobic training at
moderate intensity (after discharge) vs. standard
care

2 weeks of 30 min. daily aerobic training at
moderate intensity plus 4-week postoperative
supervised 30 min. daily aerobic training at
moderate intensity (after discharge) vs. standard
care

4 weeks, 3—4 times per week, of supervised HIIT
(1 min. exertions at high intensity; 2 min. recovery)
vs. standard care

6 weeks, 2 times week of resistance training, 2-4
sets of 6-12 reps, and 20 min. of aerobic training at
60-80 % HRmax

4-8 weeks, 3—4 times per week, of home-based
25 min. aerobic at moderate intensity, resistance
training, 8 sets of 8-12 reps, and pelvic floor
exercises vs. pelvic floor exercises and educational
guidebook

4-8 weeks, 3—4 times per week, of home-based
25 min. aerobic at moderate intensity, resistance
training, 8 sets of 8-12 reps, and pelvic floor
exercises vs. pelvic floor exercises and educational
guidebook

2 weeks of home-based resistance exercises and
aerobic training, twice a day, plus 7 days post-

< body composition and BMI.

1 IG vs. CG: LoS and time to starting adjuvant
chemotherapy;
< IG vs. CG: PoC.

1 IG vs CG: physical activity level, leptin,
upregulation in cytokine-cytokine receptors
interaction pathway, NF-kB signaling pathway,
chemokine signaling pathway, natural killer cell-
mediated cell cytotoxicity, Jak-STAT signaling
pathway, antigen processing and presentation, T-
cell receptor signaling pathway;

© IG vs. CG: BM], Ki-67 expression, adiponectin,
IGF-1, CRP, IL-6, insulin receptor, clave caspase-3,
tumor immune biomarkers.

1 CG vs. IG: cognitive functioning, 1-month after
surgery;

< IG vs. CG: anxiety, depression, stress, physical
function, role functioning, fatigue, pain, insomnia,
1-month after surgery.

< 6MWT, waist circumference, body composition,
BMI, strength, lymphedema circumference, QoL,
fatigue, prior surgery, at 6- and 12-week after
surgery.

« IG vs. CG: PoC, readmission rate, reoperation
rate, physical and mental recovery.

< 1G vs.CG: QoL at 4 weeks and 12 months after
surgery.

1 IG vs. CG: anaerobic threshold, VOzpeax, systolic
and diastolic blood pressure;
< IG vs.CG: body composition

1 strength, 400 m walk, chair rise, 6 m fast walk
from baseline to pre-surgery; 6 m usual walk, from
baseline to post-surgery;

| strength, lean mass, from pre-surgery to post-
surgery; lean mass from baseline to post-surgery;
« lean and fat mass from baseline to pre-surgery;
strength, 400 m walk, chair rise, 6 m fast walk,
from baseline to post-surgery.

11G vs. CG: sexual function at 4-week after surgery;
anxiety prior surgery and at 26 weeks after
surgery; BMI, waist circumference, strength at 26
weeks after surgery; body fat prior surgery, at 4
and 12 weeks after surgery; 6MWT at 4 weeks after
surgery;

< IG vs. CG: QoL, physical activity level,
symptoms, depression, prior surgery, at 4, 12 and
26 weeks after surgery.

1 IG vs. CG: physical activity level during
postoperative day 1;

< IG vs. CG: physical activity level during post
discharge week 1;

No relationship between 6MWT, LoS and physical
activity level.

1 1IG vs. CG: personal activities of the daily living,
distance walked during the first 7 days
postoperatively;

(continued on next page)
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Table 1 (continued)
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Author (year) Study design, sample Anticancer Intervention Main results
size, cancer site and treatment
stage
operative supervised respiratory, resistance and < IG vs. CG: LoS, PoC, readmission rate, mortality,
aerobic training, tice per day, vs. standard care nutritional intake.
PADL and walking distance first 7 days
postoperative
Jensen B.T. RCT NR 2 weeks of home-based resistance exercises and 1IG vs. CG: QoL (dyspnea, constipation, abdominal
et al. (2014)* 129 pts with bladder aerobic training, twice a day, plus 7 days post- flatulence and urinary problems) at 4-month post-
cancer, stage I-IV operative supervised respiratory, resistance and surgery;
aerobic training, tice per day, vs. standard care 1 CG vs. IG: QoL (insomnia) at 4-month post-
surgery;
< IG vs. CG: QoL (global health score, functional
scales, remaining symptoms scales, sexual interest
and activity, body image, catheter and stoma
problems) at 4-month post-surgery.
Jensen B.T. RCT NR 2 weeks, twice a day, of home-based resistance 1 IG vs. CG: muscle power.

et al. (2016)*

Banerjee S.
et al. (2017)

Jensen B.T.
et al. (2019)

Minnella E.M.
et al. (2019)

Kaye D.R. et al.
(2020)

107 pts with bladder
cancer, stage I-IV
RCT

60 pts with bladder
cancer

Single arm

32 pts with bladder
cancer

RCT
70 pts with bladder
cancer, stage I-III

Single arm
54 pts with bladder
cancer, II-IV

Past neoadjuvant
chemotherapy

Neoadjuvant
chemotherapy

Neoadjuvant
chemotherapy
(IG: 51.4 %; CG:
48.6 %)

Neoadjuvant
chemotherapy and/
or radiation

exercises, 10-15 reps, and daily, 30 min. aerobic
training vs. standard care

3-6 weeks, 2 times per week, of supervised HIIT (6
sets of 5min. at high intensity and 2.5 min. at low
intensity) vs. standard care

2 weeks of home-based resistance exercises, 6-10
reps, twice a day and daily aerobic training 30 min.
per day plus nutritional counseling with protein
supplementation

4 weeks, 3 times per week of home-based,
moderate-intensity aerobic training, 25 min., and
resistance training, 3 sets of 8-12 reps plus
nutritional counseling with protein supplements
plus psychological support vs. standard care

4 weeks, 3 times per week of resistance training, 1-2
sets of 12-15 reps and 30 min. of aerobic training at
50 % HRmax

< IG vs. CG: VOgpeax, PoC, LoS.

1 strength, bone mass from baseline to pre-surgery;
6MWT, body weight, bone mass and BMI from
baseline to 6 weeks post-surgery;

< body weight from baseline to pre surgery;
strength from baseline to 6 weeks.

1 CG vs. IG: 6MWT at 4 weeks after surgery

« IG vs. CG 6MWT prior surgery and 8 weeks after
surgery; physical activity level, QoL prior surgery,
at 4 and 8 weeks after surgery.

1 6MWT, VOoax, gait speed, timed up-and-go from
baseline to prior surgery; QoL baseline to prior
surgery and 90 days after surgery;

(63.3%)

< lean body mass from baseline to prior surgery.

Abbreviations: 1, significant improvement; |, significant worsening; <, no significant change, IG, interventional group; CG, control group; pts, patients; RCT, ran-
domized controlled trial; HIIT, high-intensity interval training; 6MWT, six minutes walking test, BMI, body mass index; VO2max, maximal oxygen consumption;
VO2peak, peak oxygen consumption; QoL, quality of life; PoC, post-operative complications; LoS, length of hospital stay; NR, not reported; HRmax, maximal heart rate.

trials have tested the efficacy of exercise before surgery in breast cancer.
Ligibel et al. have investigated the impact of a structured exercise
intervention in newly diagnosed patients with early-stage breast cancer
scheduled to undergo surgery but not for neoadjuvant treatments. A
total of 49 patients were randomized to receive a mind-body interven-
tion or an exercise program composed of two supervised exercise ses-
sions per week, of moderate-intensity aerobic exercise and resistance
training, plus an unsupervised aerobic program to reach a total of
180 minutes of physical activity per week. No differences for QoL, stress,
anxiety, and depression were detected at post-intervention and 1-month
post-surgery assessments. In contrast, a significant increase in cognitive
function was observed in favor of the mind-body group (Knoerl et al.,
2022). The translational analysis revealed no significant changes in
adiponectin, IGF-1, C-reactive protein, interleukin-6 levels, tissue bio-
markers (i.e., Ki-67, cleaved caspase 3, insulin receptor), and tumor
immune markers such as CD4", Cd56 ", FOXP3*, CD8*, and CD163". On
the contrary, the exercise group demonstrated a significant reduction in
leptin (p=0.008) and upregulation of those pathways related to
inflammation and immunity, including cytokine-cytokine receptor in-
teractions, the NF-kB signaling pathway, chemokine signaling pathway,
natural killer cell-mediated cell cytotoxicity, Jak-STAT signaling
pathway, antigen processing and presentation, and T-cell receptor
signaling pathway, suggesting that exercise may play a role in reducing
carcinogenesis (Ligibel et al., 2019). Another trial tested the effect of
30 minutes of daily unsupervised aerobic physical activity performed
two weeks before and four weeks after surgery in 370 patients with
early-stage breast cancer who did not receive neoadjuvant treatments
compared to standard of care. The intervention did not significantly
improve QoL, physical and mental recovery at 4 weeks and 12 months
post-surgery, and did not reduce PoC (Heiman et al., 2022; Heiman

et al., 2021).

To date, the evidence regarding preoperative exercise in breast
cancer is scarce, with conflicting results. More studies are needed to
evaluate both the safety and efficacy of exercise in this context, as well
as in patients receiving systemic neoadjuvant therapies.

3.3. Urological cancers

Urologic cancers include an umbrella of malignancies that affect the
organs and structures of the urinary systems and male reproductive
systems, often treated with surgery and thus highly eligible for pre-
habilitation. A randomized controlled trial (Table 1) including 40 pa-
tients with prostate, bladder, and kidney cancers scheduled for surgery
has investigated the impact of 12 sessions within four weeks of HIIT.
Although, compared to the controls, no differences in body composition
parameters were observed, patients allocated to the intervention re-
ported significant improvements in cardiorespiratory fitness (mean
difference-MD 2.26 mL/kg/min; 95% CI: 1.25-3.26), systolic (—8.2
mmHG; 95 CI:-16.09 to —0.29) and diastolic (-6.47 mmHG; 95 %CI:-
12.56 to —0.38) blood pressure, muscle thickness (MD 0.22 mm; 95 %CI:
0.02-0.41) and muscle pennation angle (MD 2.49 degrees; 95% CI:
0.42-4.55), suggesting an enhancement in the muscle quality (Blackwell
et al., 2020).

Analyzing the single tumor site, two studies have been conducted on
patients with prostate cancer (Au et al., 2019; Santa Mina et al., 2018;
Singh et al., 2017). A single-arm research on ten men with localized
prostate cancer found that presurgical aerobic and resistance exercise
performed twice a week for six weeks increased muscle strength and
physical performance from baseline to presurgery, whereas no changes
were observed for body composition. Six weeks after surgery, patients
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reported a decrease in strength and lean mass, while the improvements
in physical performance were maintained (Singh et al., 2017). Similar
results were obtained by Santa Mina et al., who compared the impact of a
home-based combined aerobic and resistance activities performed 3-4
days per week plus daily pelvic floor exercises versus pelvic floor exer-
cises alone in 86 men undergoing radical prostatectomy. The program
resulted safe with only five non-serious events reported, and, compared
to controls, participants allocated to intervention exhibited improve-
ments in fat percentage percentage (—1.26 %; 95 % CI: —2.02 to —0.50,
p=0.001) and anxiety (- 1.49 points; 95 % CI: —2.87 to —0.10, p=0.035)
before surgery. Additionally, the interventional arm exhibited a better
cardiorespiratory fitness and an improvement in fat mass at 4 weeks
after surgery and a greater handgrip strength and anxiety level at 26
weeks post-surgery, whereas no significant changes were detected for
erectile function, QoL, fatigue, PoC, and LoS (Santa Mina et al., 2018).

Regarding bladder cancer, single-arm studies have demonstrated the
safety and feasibility of a 4-week exercise prehabilitation program (Kaye
et al., 2020) and of a 2-week resistance and aerobic training as part of a
multidisciplinary intervention comprising nutritional counseling with
oral supplementation (Jensen et al., 2019). However, results from ran-
domized controlled studies did not find any advantages in postoperative
outcomes, including PoC and LoS. Banerjee et al., in 60 patients sched-
uled for radical cystectomy, tested a HIIT versus usual care. Although no
effects on PoC and LoS have been observed, a trend toward statistical
significance for the cardiorespiratory fitness was detected in favor of the
exercise group (MD 1.33 mL/kg/min; 95 % CI: —0.004-2.70, p=0.057)
(Banerjee et al., 2018). Similarly, another investigation on 129 patients
with bladder cancer exploring two weeks of preoperative, home-based,
twice-a-day aerobic and resistance exercise followed by a seven days
rehabilitation program including respiratory, strength, and aerobic ex-
ercises, walking, and mobilization still reported no benefits on PoC and
LoS compared to standard of care (Jensen et al., 2015). Nevertheless,
such study found a significant increase in muscle power at the end of the
preoperative intervention (absolute difference=0.3 W/kg; 95 %CIL:
0.08-0.5; p<0.006) (Jensen et al., 2016), and enhancements in some
QoL domains, such as dyspnea, constipation, and abdominal flatulence,
at 4-month follow-up (Jensen et al., 2014). Just one trial, exploring the
impact of a multimodal exercise, diet, and relaxation techniques inter-
vention as prehabilitation in bladder cancer, is available (Minnella et al.,
2021). This investigation did not find improvements in PoC, cardiore-
spiratory fitness, or QoL before surgery, but a significant preservation in
the functional status was recorded at four weeks after surgery, sug-
gesting that multimodal prehabilitation may help to accelerate recovery
(Minnella et al., 2021).

Although exercise prehabilitation has been demonstrated to be safe
and feasible in urological cancers, the efficacy remains elusive. Future
studies should confirm the impact of prehabilitation in prostate and
bladder cancers and investigate this intervention in those cancers, such
as kidneys and testicular, to date, underexplored.

3.4. Gastrointestinal cancers

Gastrointestinal cancers enclose a wide range of malignancies
located in the digestive tract, such as the esophagus, stomach, liver,
pancreas, intestine, colon, and rectum. Currently, abundant literature
has been published about the effect of preoperative exercise on this
population (Table 2).

Focusing on gastroesophageal cancers, almost all the investigations
agreed about the positive impact of preoperative exercise on the phys-
ical outcomes, such as cardiorespiratory fitness (Akiyama et al., 2021;
Argudo et al., 2021; Christensen et al., 2019; Halliday et al., 2021;
Minnella et al., 2018; Piraux et al., 2020), and inspiratory muscle
strength (Argudo et al., 2021; Valkenet et al., 2016), QoL (Allen et al.,
2022; Argudo et al., 2021; Piraux et al., 2020), and patient-reported
outcomes (Allen et al., 2022; Piraux et al., 2020), whereas little
consensus has been found for muscle strength (Akiyama et al., 2021;
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Allen et al., 2022). In this sense, a randomized controlled trial has
compared the impact of HIIT and strength exercises performed twice
weekly in 50 patients with gastroesophageal cancer undergoing neo-
adjuvant treatments. After a mean of 17.5 exercise sessions, patients
allocated to the intervention experienced a significant increase in
cardiorespiratory fitness (+1.39mL/min"l/kg, 95%CI: 0.03-2.74),
strength of the lower (+26.9 kg, 95 %CI: 17.6-36.3) and upper (+8.9 kg,
95%CI: 5.4-12.4) limbs, and in some QoL domains (Christensen et al.,
2019). Regarding clinical outcomes, on one side, some authors did not
find improvements in terms of PoC (Akiyama et al., 2021; Allen et al.,
2022; Christensen et al., 2019; Minnella et al., 2018), whereas the ma-
jority reported a beneficial effect (Akiyama et al., 2021; Cho et al., 2014;
Halliday et al., 2021; Inoue et al., 2013; Mazzola et al., 2017; Yamana
et al., 2015). On the contrary, conflicting results emerged for LoS (Allen
et al., 2022; Inoue et al., 2013; Mazzola et al., 2017; Minnella et al.,
2018) and postoperative mortality (Akiyama et al., 2021; Allen et al.,
2022), even if some positive impacts have been observed (Cho et al.,
2014; Halliday et al., 2021; Mazzola et al., 2017). For instance, a pro-
spective study has tested a 16-week program, including home-based
aerobic and strength training at moderate/vigours intensity, nutri-
tional and psychological support, in 83 patients affected by esophageal
cancer undergoing neoadjuvant chemotherapy and has compared it with
a historical cohort of patients with similar characteristics (Halliday
et al., 2021). The propensity score-matched analysis revealed a lower
incidence of overall pulmonary complications (32 % vs. 68 %, p=0.001)
and postoperative pneumonia (26 % vs. 66 %, p=0.001), and a shorter
LoS (10 days vs. 13 days, p=0.018) in the intervention group than the
controls. Participation in the prehabilitation intervention was the only
independent predictor of postoperative pneumonia (OR=0.23, 95 %CI:
0.09-0.55, p=0.001) (Halliday et al., 2021).

Five investigations have been conducted on patients affected by
cancers of the hepato-biliary pancreatic tract (Ausania et al., 2019;
Dunne et al.,, 2016; Kitahata et al., 2018; Nakajima et al., 2019;
Ngo-Huang et al., 2019). Whereas no significant enhancements have
been reported for muscle strength (Nakajima et al., 2019; Ngo-Huang
et al., 2019), body composition (Nakajima et al., 2019), and QoL
(Dunne et al., 2016; Ngo-Huang et al., 2019), an increase in cardiore-
spiratory fitness (Dunne et al., 2016; Nakajima et al., 2019; Ngo-Huang
etal., 2019) has been detected. Nevertheless, such improvement appears
insufficient to translate it into an advantage in postoperative outcomes,
including complications (Ausania et al., 2019; Dunne et al., 2016;
Kitahata et al., 2018), and mortality (Dunne et al., 2016; Nakajima et al.,
2019), even if contrasting findings have been observed for LoS (Ausania
et al., 2019; Kitahata et al., 2018; Nakajima et al., 2019). In this regard,
Nakajima et al. proposed a 4-week program of home-based training,
including aerobic and strength training three times per week, and amino
acid supplementation, for 76 patients with hepato-pancreato-biliary
cancers. Compared to a historical cohort, the intervention group
exhibited improvements in cardiorespiratory fitness, and LoS (23 days
vs. 30 days, p=0.045), while no significant changes in muscle strength
and mass, PoC, and mortality have been observed (Nakajima et al.,
2019).

Exercise prior to surgery, alone or in combination with other in-
terventions, in patients affected by colorectal cancer has been studied in
27 investigations. Overall, almost all the research did not find significant
improvements in PoC (Bousquet-Dion et al., 2018; Carli et al., 2020;
Dronkers et al., 2010; Fulop et al., 2021; Gillis et al., 2014; Huang et al.,
2016; Janssen et al., 2019; Karlsson et al., 2019; Li et al., 2013; Onerup
et al., 2022; van Rooijen et al., 2019; Wang et al., 2023), mortality
(Fulop et al., 2021; Huang et al., 2016; van Rooijen et al., 2019; Wang
et al., 2023), LoS (Berkel et al., 2022; Bousquet-Dion et al., 2018; Carli
et al., 2020; Dronkers et al., 2010; Fulop et al., 2021; Gillis et al., 2014;
Huang et al., 2016; Karlsson et al., 2019; Li et al., 2013; Onerup et al.,
2022; van Rooijen et al., 2019), muscle strength (Karlsson et al., 2019;
Morielli et al., 2021; Singh et al., 2017; Wang et al., 2023) and mass
(Moug et al., 2020; Singh et al., 2017), QoL (Carli et al., 2020; Dronkers
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Author (year)

Study design, sample size,
cancer site and stage

Anticancer treatment

Intervention

Main results

Valkenet K.
et al. (2016)

Mazzola M.
et al. (2017)

Inoue J. et al.
(2013)

Yamana I. et al.

(2015)

Akiyama Y.
et al. (2020)

Halliday L.J.
et al. (2020)

Halliday L.J.
et al. (2020)

Christensen J.
F. et al. (2018)

Minnella E.M.
et al. (2018)

Piraux E. et al.
(2020)

Single arm115 pts with
mixed gastrointestinal
cancers (pancreas, liver,
colon, esophagus, and
stomach)

Prospective vs. historical
cohort

75 pts with mixed
gastrointestinal cancers
(stomach, esophagus, and
pancreas)

Two arms retrospective
100 pts with esophageal
cancers, I-IV stage

RCT
60 pts with esophageal
cancers, I-IV stage

Retrospective
48 pts with esophageal
cancers, I-IV stage

Single arm
67 pts with esophageal
cancers, I-IV stage

Two arms nonrandomized
122 pts with esophageal
cancers, I-IV stage

RCT

50 pts with gastro-
esophageal cancers, I-III
stage

RCT

68 pts with gastro-
esophageal cancers, I-IV
stage

Single arm
23 pts with gastro-

NR

Neoadjuvant treatment
(IG: 27 %; CG: 14 %)

Neoadjuvant chemotherapy
(IG: 59 %; CG: 68.3 %)

Neoadjuvant chemotherapy
(IG: 43.3 %; CG: 50 %)
and/or radiation

(IG: 10 %; CG: 16.7 %)

Neoadjuvant chemotherapy
(IG: 73.9 %; CG: 44 %)

Neoadjuvant chemotherapy
(IG: 100 %)

Neoadjuvant chemotherapy
(IG: 88 %; CG: 87 %)

Neoadjuvant treatment
(IG: 95 %; CG:90 %)

Neoadjuvant chemotherapy
(IG: 70 %; CG: 60 %)

Neoadjuvant chemotherapy
(13%)

30 days, 2 times per week of supervised
aerobic training, 20-30 min. per session at
60-85% HRmax + resistance training, 5
exercises, 3 sets of 20-25 or 13-20 reps +
20 min daily inspiratory muscle training +
5 times per week 30 min of moderate
physical activity

Moderate intensity walking for 30 min., 3
times per week + 3 sessions per day of 10
inspiration/expiration cycles (breathing
exercises) plus oral supplementation plus
smoking interruption vs. standard care

5 days per week of 40-60 min. daily
supervised training consisting of:
inspiratory muscle training, 3 exercises
performed in 3 sets of 10 reps + resistance
training + 15 min. of aerobic training plus
respiratory training during the outpatient
period plus postoperative respiratory
rehabilitation until discharge from the
hospital vs. standard care

More than 7 days of daily 60 min
supervised training consisting of:
respiratory muscle and thoracic
stretching, deep and coughing training +
strength training + 20 min. of aerobic
training vs. standard care

4 weeks of home-based inspiratory muscle
training, 4-5 sets of 10 deep inspirations
daily, + 20 min. of walking and 20 sets of
10 squats per day + 7 days of supervised
aerobic training, 10-30 min at 60-70 %
HRmax and 20 sets of 10-15 reps
performed twice a week + postoperative
rehabilitation vs. 4 weeks of home-based
inspiratory muscle training, 4-5 sets of 10
deep inspirations per day, + 20 min. of
walking and 20 sets of 10 squats per day +
postoperative rehabilitation

16 weeks of home-based, personalized
aerobic and strength training to reach
150 min of moderate/vigorous intensity
(i.e., 13-15 RPE)

16 weeks of home-based, personalized
aerobic and strength training to reach
150 min of moderate/vigorous intensity
(i.e., 13-15 RPE) plus nutritional support
plus psychological support vs. standard of
care

75 min. of supervised twice a week HIIT
consisting of 4x4 min with 3 min. low
intensity active recovery between high
intensity bout + 4 exercises of resistance
training, 3 sets of 8-12 reps vs. standard
care

Home-based program of 30 min. of
moderate-intensity aerobic training 3 days
a week + 30 min. of resistance training, 3
sets of 8-12 reps at moderate-intensity
plus nutritional support vs. standard care
2-4 weeks, home-based program, 3 times
per week, 30 min. of aerobic training at

1 maximal inspiratory muscle strength and
endurance;
© VOgmax, strength.

1 1IG vs. CG in 30 days and 3 months
mortality; overall and severe PoC;

« IG vs. CG in LoS; readmission in hospital;
post-discharge institutionalization.

11IG vs. CG in incidence and grade of PoC;
< EX vs. CG in durations of intubation, LoS,
operation-related factors.

11G vs. CG in PoC, pneumonia score,

< IG vs. CG in rate of anastomic leakage,
chylothorax, recurrent nerve palsy.
Standard of care was a predictor of
postoperative complications.

1 IG vs. CG in 6MWT before surgery and
postoperatively;

1 1IG vs. CG in respiratory complications;
pneumonia; total protein at 6 months; total
bilirubin and blood urea nitrogen
immediately after surgery;

< IG vs. CG in overall PoC, mortality,
strength before surgery and postoperatively;
« IG vs. CG in white blood cell, C-reactive
protein, albumin, aspartate transaminase,
blood urea nitrogen, creatinine, weight loss,
immediately after surgery, after 3 and 6
months.

1 VO2max between the end of neoadjuvant
chemotherapy and before surgery;

< VOomax between baseline and the end of
neoadjuvant chemotherapy;

Adherence to the intervention was
associated with an increase in VOamax.

The level of physical activity and the
increase in VO, Over the intervention
program were associated with a lower risk of
pneumonia.

11G vs. CG in incidence of 60-day pulmonary
complications, postoperative pneumonia,
LoS, severe PoC, and drain removal in the
unmatched analysis, nasogastric tube
removal in the matched analysis.

< IG vs. CG in PoC, 30-day readmission,
mobilization, oral intake, fluid balance, pain
control, day 0 extubation.

11IG vs. CG: physical well-being;

1 IG: VOzpea, Strength;

«IG vs. CG: treatment failure, complications
of neoadjuvant treatment, PoC, social,
emotional, and functional well-being, and
QoL subscale;

< IG: body composition.

11G vs. CG in 6MWT before surgery and
postoperatively;

«IG vs. CG in incidence and severity of PoC;
LoS; emergency department visits;
readmission rate.

1 in QoL, anxiety from baseline to
presurgery; 6MWT and functional well-

(continued on next page)
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Author (year)

Study design, sample size,
cancer site and stage

Anticancer treatment

Intervention

Main results

Allen S.K. at al.
(2021)

Argudo N. etal.
(2021)

Cho H. et al.
(2014)

Dunne D.F.J. at
al. (2016)

Kitahata Y.
et al. (2018)

Nakajima H.
et al. (2018)

Ausania F.
et al. (2019)

Ngo-Huang A.
et al. (2019)

Dronkers J.J.
et al. (2009)

esophageal cancers, I-III
stage

RCT

54 pts with gastro-
esophageal cancers, I-IV
stage

Single arm

33 pts with gastro-
esophageal cancers, III-IV
stage

RCT
72 pts with gastric cancers, I-
III stage

RCT
38 pts with liver cancers, I-
IV stage

Prospective vs. historical
cohort

576 pts with hepatobiliary-
pancreatic-tract cancers

Prospective vs. historical
cohort

152 pts with hepatobiliary-
pancreatic-tract cancers, I-IV
stage

RCT
40 pts with pancreatic
cancers

Single arm
50 pts with pancreatic
cancers

RCT
42 pts with colon cancers, II-
IV stage

Neoadjuvant
chemoradiotherapy (54.2 %)

Neoadjuvant chemotherapy
(IG: 100 %; CG: 96 %)

or chemoradiotherapy (IG: 0 %;
CG: 1%)

Neoadjuvant
chemoradiotherapy (52 %) or
perioperative chemotherapy
(48 %)

NR

Adjuvant or neoadjuvant
treatment
(IG: 55 %; CG: 41 %)

NR

No

No

Neoadjuvant chemotherapy
and/or chemoradiation

NR

65-74 % HRR + moderate-intensity (i.e.,
4-6 RPE) resistance training, 1-4 sets of
8-12 reps + 5 times per week of 15 min of
inspiratory muscle training

15 weeks, 60 min. 2 times per week of
supervised training consisting of: 25 min.
aerobic training at 40-60 % HRR, or
11-20 RPE, + resistance training, 6
exercises, 2 sets of 12 reps + 60 min. of
home-based resistance and core stability
training plus nutritional support plus
psychological support vs. standard care

5 weeks, 5 times per week, of 40 min. HIIT
(1 min. 80 % Wheak, 2min. 40 % Wpear) +
inspiratory/espiratory muscle training, 5
sets of 10 reps plus nutritional support

4 weeks of aerobic training performed 3-7
days per week + resistance training 1-2
days per week vs. standard care

4 weeks, 12 sessions of supervised interval
training alternating moderate (60 %
VO2peal) and vigorous (90 % VOzpear) Vs.
standard care

1 week prior to surgery of supervised,
twice a day, 70 min. aerobic training at
60 % VO, max + resistance training +
respiration instruction plus 7 weeks
postoperative rehabilitation including
walking squats and stepping up and down
stairs and aerobic training vs. standard
care

4 weeks, 3 times per week of home-based,
moderate (3-4 RPE) aerobic training at
least 30 min.+ 5 resistance training
exercises, 2 sets of 10 reps plus nutritional
supplementation vs. no prehabilitation

12 days (median)of 5 supervised sessions
of 20 min. HIIT + 20 min. muscle tonic
exercises + unsupervised home-based
functional and breathing exercises vs.
standard care

16 weeks home-based training at
moderate intensity (12-13 RPE),
including: 20 min. walking, 3 days per
week, 30 min. resistance training, 3 sets of
8-12 reps, 2 days per week plus
nutritional counseling

2-4 weeks, 60 min of supervised
resistance training, 1 set of 8-15 reps at
60-80 % 1RM, 15 min. inspiratory muscle
training at 10-60 % of maximal
inspiratory pressure and 20-30 min.
moderate aerobic training at 55-75 % HR
max vs. home-based exercise advise

being from 4 to 12 weeks after surgery;
emotional well-being and anxiety from
baseline to 4 weeks after surgery; anxiety
and emotional well-being from baseline to
12 weeks after surgery;

| in 6BMWT, QoL from presurgery to 4 weeks
after intervention;

< in 6MWT from baseline to presurgery;
« baseline vs. 12 weeks postop: 6MWT,
QoL, depression.

11G vs. CG in strength at 6 weeks after
surgery, QoL at middle chemotherapy, at
2-6 weeks, and 6 months after surgery,
anxiety and depression before surgery, at 6
weeks and 6 months after surgery, rate of
patients who completed full dose of
chemotherapy;

1 IG vs. CG rate of patients requiring a
reduction in dose or deferral of the next
chemotherapy cycle;

«<IG vs. CG: anaerobic threshold, VOzpeax,
skeletal muscle indexed, LoS, PoC,
readmission, mortality at 30 and 90 days
and 3 years.

1 VO2max, 6MWT, maximal inspiratory and
expiratory pressure, QoL domains as, role
and social function, fatigue, and appetite
loss;

« strength and other QoL domains;

11G: BMI, abdominal circumferences,
volume of visceral fat;

1 IG vs. CG: LoS, total all grades intra-
abdominal and wound infection PoC;

< IG: volume of subcutaneous fat;

< IG vs. CG: intraoperative outcome,
respiratory, extra and intra-abdominal PoC,
anastomotic leakage, pancreatic fistula,
bleeding.

11G vs. CG: VO, at the anaerobic threshold;
< IG vs. CG: VOypeax, QoL, PoC, LoS.

171G vs. CG: pulmonary PoC, LoS;

<IG vs. CG: postoperative mortality, severe
complications, pancreatic fistula, delayed
gastric emptying, bile leakage, abdominal
abscess, and bleeding and wound infection.

1 IG: prognostic nutritional index, 6MWT,
total fat mass, muscle/fat ratio;

1 IG: BMI;

| CG: BMIJ; serum albumin;

< IG: strength, total muscle mass, 10-m
usual walking speed;

11G vs. CG: delayed gastric emptying;

«IG vs. CG: PoC, pancreatic leak rate, LoS,
and hospital readmission.

11G: 6MWT, 5 times sit-to-stand test, 3-meter
walk test;
<IG: strength, QoL.

1 IG vs. CG: maximal inspiratory pressure,
respiratory muscle analyzer energy, physical
activity level, RMA energy between baseline
and presurgery;

<IG vs. CG: time up and go, strength,
maximal inspiratory pressure, physical work
capacity, QoL, fatigue, PoC, and LoS.

(continued on next page)
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Author (year)

Study design, sample size,

cancer site and stage

Anticancer treatment

Intervention

Main results

Carli F. et al.
(2010)

Li C. et al.
(2012)

Gillis C. et al.
(2014)

Huang G.H.
et al. (2015)

Chen B.P. et al.
(2016)

Bousquet-Dion
G. et al. (2018)

Bruns E.R.J.
et al. (2018)

Gillis C. et al.
(2018)

RCT
133 pts with colorectal
cancers

Prospective vs. historical
cohort

87 pts with colorectal
cancers, I-III stage

RCT
89 pts with colorectal
cancers, I-III stage

Retrospective
26 pts with colorectal
cancers

RCT
116 pts with colorectal
cancers, I-IV stage

RCT
80 pts with colorectal
cancers, I-III stage

Single arm
14 pts with colorectal
cancers, I-III stage

RCT
139 pts with colorectal
cancers

Neoadjuvant chemotherapy
and/or radiotherapy

NR

Neoadjuvant therapy

(IG prehab: 26 %; IG rehab:
21 %)

Adjuvant within 8 weeks
(IG prehab: 37 %; IG rehab:
33 %)

Neoadjuvant chemotherapy
and/or radiotherapy
(IG: 42 %)

NR

Neoadjuvant therapy

(IG prehab: 14 %; IG rehab:
15 %)

Adjuvant within 8 weeks (IG
prehab: 5 %; IG rehab: 8 %)

NR

NR

4 weeks home-based, daily 20-30 min. of
aerobic training starting at 50 % HRmax +
strength training, 3 exercises, 8-12 reps,
twice a week (IG) vs. home-based, daily
30 min. walking + 5 min. daily breathing
exercises (CG)

Mean 33 days, 3 times per week of home-
based, 30 min. moderate aerobic training
+ resistance training to volitional fatigue
plus nutritional counseling with protein
supplementation plus psychological
support vs. standard care

4 weeks prior to surgery, 3 times per week
of home-based aerobic training, 20 min. at
40 %HRres + 20 min. resistance training,
8 exercises, 8 sets of 12 reps, plus
nutritional counseling with protein
supplementation plus psychological
supportvs.8 weeks after surgery of 3 times
per week of home-based aerobic training,
20 min. at 40 %HRres + 20 min. resistance
training, 8 exercises, 8 sets of 12 reps plus
nutritional counseling with protein
supplementation plus psychological
support

Median 74 days, 3-5 times per week, of
aerobic interval and strength training at
60-80 of HRmax, lasting 20-45 min. per
session

4 weeks of home-based aerobic training,
20 min. at 50 % HRmax -+ resistance
training, 8-12 reps plus nutritional
counseling with protein supplementation
vs. 4 weeks program after surgery of
home-based aerobic training, 20 min. at
50 % HRmax + resistance training, 8-12
reps plus nutritional counseling with
protein supplementation

4 weeks prior to surgery, 3-4 times per
week of 30 min. aerobic training at
60-70 % HRmax + resistance training, 8
exercises, 2 sets of 8-15 reps + one a week
of supervised exercise session including
55 min. moderate-intensity aerobic and
resistance training + 3 days of early
mobilization after surgery plus nutritional
counseling with protein supplementation
plus psychological support vs. + 3 days of
early mobilization after surgery + 8
weeks, 3-4 times per week of 30 min.
aerobic training at 60-70 % HRmax +
resistance training, 8 exercises, 2 sets of
8-15 reps plus nutritional counseling with
protein supplementation plus
psychological support

18-32 days of home-based, 7-min
resistance training, 6 exercises, to perform
daily plus nutritional counseling

4 weeks prior surgery of 50 min. home-
based aerobic and resistance training trice
a week + similar supervised training once
a week plus nutritional counseling with
protein supplementation plus
psychological support + 8 weeks

11G: in VOgpeak, depression prior to surgery,
and anxiety at 10-week follow-up;

1 CG: in anxiety at 10-week follow-up;

1IG: in 6MWT prior to surgery and at 10
weeks after surgery;

1CG: in VOaopeal;

«CG: in 6MWT prior to surgery and at 10
weeks after surgery, depression prior to
surgery at 10 weeks follow-up, anxiety prior
to surgery,

11G: anxiety and depression prior to surgery;
1 IG vs. CG: 6MWT at 4 and 8 weeks after
surgery;

« IG vs. CG: PoC, LoS, QoL.

11G prehab vs. IG rehab: 6MWT prior to
surgery and at 8 weeks after surgery;

«IG prehab vs. IG rehab: 6MWT at 4 weeks
after surgery, QoL, anxiety and depression at
4-and 8 weeks after surgery, PoC, LoS,
readmission rate.

1VO2peal, anaerobic threshold;

1 VOgpeak, anaerobic threshold in
responders;

| VOazpeax, anaerobic threshold in non-
responders;

< responders vs. non-responders: PoC,
mortality, and LoS;

Responders are more likely to increase
VOgzpeak, anaerobic threshold and less likely
to experience complications.

11G prehab vs. CG rehab: moderate/vigorous
physical activity level, 6BMWT prior to
surgery.

11G prehab vs. IG rehab: moderate-intensity
physical activity prior to surgery and at 8
weeks after surgery;

<IG prehab vs. IG rehab: 6MWT prior to
surgery, at 4 and 8 weeks after surgery,
postoperative complications, LoS,
readmission rate.

1 fried score, 4-meter gait speed, short
physical performance battery, overall QoL;
| handgrip strength;

« clinical frailty scale.

11G prehab vs. CG rehab: lean body mass and
fat mass at 4 and 8 weeks post surgery;
<IG prehab vs. CG rehab: lean body mass
and fat mass prior to surgery.

(continued on next page)
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Table 2 (continued)

Author (year) Study design, sample size, Anticancer treatment Intervention Main results

cancer site and stage

Janssen T.L.
et al. (2019)

Karlsson E.
et al. (2019)

Northgraves M.

J. et al. (2019)

van Rooijen S.
J. et al. (2019)

Carli F. et al.
(2020)

Fulop A. et al.
(2020)

de Klerk M.
et al. (2021)

Suen M. et al.
(2021)

Prospective vs. historical
cohort

678 pts with colorectal
cancers

RCT
23 pts with colorectal
cancers, I-IV stage

RCT
22 pts with colorectal
cancers

Two arms nonrandomized
50 pts with colorectal
cancers, I-IV stage

RCT
120 pts with colorectal
cancers, I-IV stage

RCT
184 pts with colorectal
cancers, I-IV stage

Two arms retrospective
cohort study

359 pts with colorectal
cancers, I-IV stage

Single arm
22 pts with colorectal
cancers

NR

Neoadjuvant radiation
(IG:10 %; CG: 18.2 %)

Neoadjuvant
chemoradiotherapy
(IG: 40 %; CG: 27.3 %)

No

Neoadjuvant chemotherapy
(IG prehab: 12.7 %; CG rehab:
11.1 %)

Adjuvant chemotherapy
(IG:10 %; CG:22 %)

Neoadjuvant radiotherapy (IG:
3 %; CG: 8 %) or chemoradiation
(IG: 7 %; CG:6 %)

NR

postsurgery of 50 min. home-based
aerobic and resistance training trice a
week plus nutritional counseling with
protein supplementation plus
psychological support vs. 8 weeks
postsurgery of 50 min. home-based
aerobic and resistance training trice a
week plus nutritional counseling with
protein supplementation plus
psychological support

Mean 39 days of home-based personalized
exercise depending on patient’s
capabilities including aerobic, resistance
and respiratory muscle training plus
nutritional counseling

2-3 weeks of 6 supervised training
including inspiratory muscle training, 30
breaths at 50 % of maximal capacity twice
a day + high-intensity functional strength
exercises at 7-8 RPE + aerobic training at
7-8 RPE plus the other days, unsupervised
home-based exercises, following aerobic
recommendation, 2-3 times per week of
functional strength exercises and
inspiratory muscle training twice a day vs.
standard care

3 times per week of 60 min. aerobic
training, 25 min. at 40-60 % HRres + 2
resistance circuit training including 4
exercises, 3—-4 sets each vs. standard care
4 weeks, 3 times per week, of supervised
HIIT (3 blocks at 85-100 % VOzpeal, 3
blocks at 20 % VOgpeal) + resistance
training, 5 exercises, 2 sets of 10 reps, at
65 %-75 % 1RM)plus protein
supplementation plus psychological
support vs. nutritional counseling

4 weeks, prior surgery of supervised

30 min. moderated aerobic training and
25 min. strength training, once a week +
home-based daily walking at moderated
intensity and resistance training trice a
week plus nutritional counseling with
protein supplementation plus
psychological support vs. 4 weeks
program, after surgery, of supervised

30 min. moderated aerobic training and
25 min. strength training, once a week +
home-based daily walking at moderated
intensity and resistance training trice a
week plus nutritional counseling with
protein supplementation plus
psychological support

3-6 weeks of home-based, daily 30 min.
moderate aerobic training + 10-15 min.
of deep breathing/coughing exercises +
incentive spirometer exercises, 4-5 times
per day + nutritional counseling with
protein supplementation + psychological
support + standard ERAS peri-operative
protocol vs. standard ERAS peri-operative
protocol + nutritional counseling

At least 4 weeks of supervised high-
intensity aerobic training, 3 times per
week, + home-based low intensity aerobic
training, four times per week plus
nutritional counseling with protein
supplementation vs. standard care

2-4 weeks, of 60 min. supervised aerobic
training at 60-75 % HRres + resistance
training + home-based aerobic training
trice a week plus nutritional materials

11IG vs. CG: LoS;

1 IG vs. CG: serious PoC (grade III-IV);

< IG vs. CG: incidence of delirium, PoC,
unplanned intensive care admission,
readmission.

1 IG vs. CG: maximal inspiratory pressure
(presurgery);

< IG vs. CG: walking distance, strength, gait
speed (preoperative and postoperative),
PoC, LoS, patient-reported recovery.

1 time up and go, stair climb test, 6GMWT,
strength, five times sit to stand (no statistical
significance test was performed).

11IG vs. CG: 6MWT prior to surgery and 30
days after surgery;

«IG vs. CG: PoC, LoS, readmission rate,
mortality.

<IG prehab vs. CG rehab: overall and severe
PoC, LoS, emergency department visits,
readmission rate;

<IG prehab vs. CG rehab: 6MWT, QoL,
anxiety, depression, energy expenditure,
prior to surgery, and 4 weeks after surgery.

11G vs. CG: 6MWT, anxiety and QoL prior
tosurgery;

«IG vs. CG: depression, incentive
spirometry, FVC prior to surgery and at 4
and 8 weeks after surgery, 6MWT at 4 and 8
weeks after surgery, PoC, LoS, and mortality.

11G vs. CG: overall PoC, number patients
with 2 or more complications, LoS,
unplanned readmission;

< EX vs. CG: surgical complications,
prolonged LoS, reintervention, mortality;
Prehabilitation was significantly associated
with less PoC.

1 6MWT, strength prior surgery;

| 6MWT, strength, distress, fatigue, anxiety,
QoL after surgery;

< body composition; other functional
assessment.

(continued on next page)
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Author (year) Study design, sample size, Anticancer treatment Intervention Main results
cancer site and stage
Berkel A.E.M. RCT Neoadjuvant 3 weeks, 3 times per week of supervised 1 IG: aerobic threshold, VOspeak;
et al. (2022) 74 pts with colorectal chemoradiotherapy 30 min. HIIT + 20 min. of resistance 11IG vs. CG: overall complication rate;

Onerup A. etal.
(2022)

Wang W. et al.
(2023)

West M.A. etal.
(2014)

Morielli A.R.
et al. (2015)

Loughney L.
et al. (2017)

Singh F. et al.
(2017)

Moug S.J. et al.
(2019)

cancers, I-III stage

RCT
761 pts with colorectal
cancers, I-IV stage

Two arms
retrospective

525 pts with colorectal
cancers

Two arms nonrandomized
35 pts with rectal cancers, II-
IV stage

Single arm
18 pts with rectal cancers

RCT
35 pts with rectal cancers

Single arm
12 pts with rectal cancers

RCT
48 pts with rectal cancers

Neoadjuvant radiotherapy,
neoadjuvant
chemoradiotherapy,
neoadjuvant chemo-or
immunotherapy

NR

Neoadjuvant
chemoradiotherapy
(IG: 100 %, CG: 100 %)

Neoadjuvant
chemoradiotherapy
(IG: 100 %)

Neoadjuvant chemoradiation

Neoadjuvant chemoradiation

Neoadjuvant
chemoradiotherapy
(IG: 100 %: CG: 100 %)

training, 8 reps at 70-82 % 1RM + home-
based 30 min. moderate-intensity aerobic
training twice a week vs. nutritional and
smoking cessation counseling

14 days of home-based, daily 30 min.
moderate aerobic training + inspiratory
muscle training, 2 sets of 30 breaths at
30 % maximal inspiratory pressure, twice
a day, + 4 weeks program, after surgery,
of daily 30 min. moderate aerobic training
vs. standard care and information

7 days prior to surgery of supervised

20 min. aerobic training at 60-75 % HRres
+ 25’ resistance training + breaths
exercises, performed thrice per day, plus
nutritional counseling with protein
supplementation plus psychological
support +perioperative care vs.
perioperative care

6 weeks, 3 times per week of supervised
HIIT (4-6 intervals of 3 min. of moderate
intensity, 2 min. severe intensity) vs.
standard care

During neoadjuvant treatment, 6 weeks of
supervised moderate aerobic training at
40-60 % VOgres, performed trice a week
+ after neoadjuvant treatment, 6-8 weeks
of supervised or unsupervised or
combination of 150 min. per week of
moderate-intensity aerobic exercise

6 weeks of HIIT (4-6 intervals of 3 min. of
moderate intensity, 2 min. severe
intensity) vs. standard care

16 weeks of 60 min. supervised resistance
training, 6 exercises, 2-4 sets of 6-12 reps
and 20 min aerobic training at 60-80 %
HRmax performed twice a week + home-
based 15 min aerobic training twice a
week

13/17-week of an unsupervised walking
program based on steps count vs. usual
care

10

«IG vs. CG: type of complication,
readmission rate, ICU admission, LoS,
quadriceps strength;

Prehabilitation was associated with a
decrease of PoC.

«IG vs. CG: self-assessed physical recovery
at 4 weeks after surgery,30-90 days and type
of PoC, LoS, readmission rate.

11G vs. CG: 6MWT, anxiety, LoS, time to first
ambulation, time to first flatus;

1 IG vs. CG: QoL mental function 1 month
after surgery;

< IG vs. CG: strength, weight, fat,
depression, PoC, mortality, time to first
defecation, readmission;

< IG vs. CG: QoL physical function 1-, 3- and
6- months after surgery; QoL mental
function 3- and 6- months after surgery.

1 IG vs. CG: tumor response to neoadjuvant
chemoradiotherapy, VOapcax, anaerobic
threshold and number of steps;

< IG vs. CG: BMJ, FEV1, FVC, hemoglobin
level.

1 QoL (physical, role and social functioning,
general health, vitality) and cancer-specific
QoL (physical, social and emotional well-
being, diarrhea, fatigue) from post-
neoadjuvant treatment to presurgery;

1 role-emotional and social well-being from
baseline to pre-surgey;

| QoL (physical, role and social functioning,
general health, vitality) and cancer-specific
QoL (physical, social and emotional well-
being, diarrhea, fatigue) from baseline to
post-neoadjuvant treatment;

< depression, anxiety stress, self-esteem,
sleep quality from baseline to post-
neoadjuvant treatment, and from post-
neoadjuvant treatment to presurgery.

1 1IG vs. CG sleep efficiency, sleep duration,
and lying down time;

< EX vs. CG step count, metabolic
equivalent, active energy expenditure,
physical activity duration, total energy
expenditure.

1 400-meter walk from baseline to
presurgery;

| strength and endurance, lean mass, fat
mass, from presurgery to postsurgery;

| lean mass from baseline to postsurgery;
« strength and endurance, lean mass, fat
mass, QoL, fatigue, from baseline to
presurgery;

<400-meter walk QoL, fatigue, from
presurgery to postsurgery;

<400-meter walk, strength and endurance,
fat mass, QoL, fatigue, from baseline to post-
surgery.

< IG vs. CG: steps per day, BMI, waist
circumference, 6GMWT, QoL, fatigue.

(continued on next page)
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Intervention

Main results

Author (year) Study design, sample size,  Anticancer treatment

cancer site and stage

Moug S.J.etal.  RCT Neoadjuvant

(2020) 44 pts with rectal cancers chemoradiotherapy (IG: 100 %:

CG: 100 %)

Morielli A. RCT Neoadjuvant

et al. (2021) 36 pts with rectal cancers, I- chemoradiotherapy (IG: 100 %:
1V stage CG: 100 %)

13/17-week of an unsupervised walking

< IG vs. CG: muscle mass.

program based on steps count vs. usual
care

5-6 weeks of supervised HIIT (5-8 blocks
of 2 min. at 85 % VOgpeax and 2 min. at
40 % VOzpeary plus 150 min. moderate/
vigorous intensity unsupervised training

1 IG vs. CG: pathological response;

< IG vs. CG: VOgpeak, 6MWT, strength,
flexibility, treatment toxicities, dosage, and
neoadjuvant treatment completion;

after the supervised period vs. usual care

Abbreviations: 1, significant improvement; |, significant worsening; <, no significant change, IG, interventional group; CG, control group; pts, patients; RCT, ran-
domized controlled trial; HIIT, high-intensity interval training; 6MWT, six minutes walking test, BMI, body mass index; VO2max, maximal oxygen consumption;
VO2peak, peak oxygen consumption; QoL, quality of life; PoC, post-operative complications; LoS, length of hospital stay; NR, not reported; FEV1, forced expiratory

volume in 1 second; FVC, force vital capacity; HRmax, maximal heart rate.

et al.,, 2010; Li et al., 2013; Moug et al., 2019; Singh et al., 2017; Wang
etal., 2023), and fatigue (Dronkers et al., 2010; Moug et al., 2019; Singh
et al., 2017); only few investigators found positive effects on these
endpoints (Berkel et al., 2022; de Klerk et al., 2021; Janssen et al., 2019).
Whereas limited and debated findings have been reported for other
outcomes, such as anxiety (Carli et al., 2020; Carli et al., 2010; Fulop
et al., 2021; Gillis et al., 2014; Li et al., 2013; Morielli et al., 2016),
depression (Carli et al., 2020; Carli et al., 2010; Gillis et al., 2014; Li
et al., 2013), sleep (Loughney et al., 2017), and respiratory parameters
(Dronkers et al., 2010; Karlsson et al., 2019; West et al., 2014),
consensus about the positive impact of presurgical exercise on cardio-
respiratory fitness (Berkel et al., 2022; Carli et al., 2010; Chen et al.,
2017; Fulop et al., 2021; Gillis et al., 2014; Huang et al., 2016; Li et al.,
2013; Northgraves et al., 2020; Singh et al., 2017; Suen et al., 2022; van
Rooijen et al., 2019; Wang et al., 2023; West et al., 2014) seems to be
reached. Nevertheless, considerable variability in terms of exercise type,
duration, intensity, and length of the program as well as in terms of
multimodal prehabilitation, emerged across the studies. Programs lasted
from a few days to 15-18 weeks, and exercise was often offered as part of
a multimodal prehabilitation intervention, including different other
approaches, such as nutritional and psychological ones. These hetero-
geneities make it hard to define the actual contribution of exercise in this
setting and could partially explain the inconsistency in the results.
However, intriguingly, two studies showed a positive impact of exercise
on the neoadjuvant treatment response (Morielli et al., 2021; West et al.,
2015). For example, Morielli et al. found that patients with rectal cancer
who participated in a HIIT program performed during the neoadjuvant
chemoradiotherapy reported a significantly higher rate of complete or
near complete pathologic response compared to the usual care group,
also after adjusting for baseline clinical stage imbalances (56%, 95%CI:
31-79% vs. 18%, 95%CIl:4-43%; p=0.02) (Morielli et al., 2021). A
similar effect on tumor regression was found by West et al., who pro-
posed an exercise program composed of HIIT, thus suggesting that ex-
ercise may interact with cancer treatments to improve their efficacy
(West et al., 2015). Globally, exercise before surgery, on one side, may
help optimize physical condition and improve postoperative outcomes
in patients with gastroesophageal cancers; on the other, in colorectal
cancer, its efficacy seems to be reduced, even if the preliminary evidence
of positive interaction with anticancer treatments represent a stimulus
to deepen this aspect.

3.5. Lung cancer

Preoperative exercise in resectable lung cancer is largely examined
(Table 3). Generally, exercise interventions before lung cancer surgery
last from 7 days to 4 weeks, including predominantly aerobic, strength,
and respiratory exercises, and its duration and intensity are highly
variable across the studies. In almost all the investigations, patients
scheduled for resection did not undergo neoadjuvant treatments, thus
explaining the short window dedicated to exercise. Concerning the

11

effect on physical parameters, exercise can increase cardiorespiratory
fitness (Bhatia and Kayser, 2019; Bobbio et al., 2008; Coats et al., 2013;
Huang et al., 2017; Jones et al., 2007; Lai et al., 2017; Morano et al.,
2013; Rispoli et al., 2020; Stefanelli et al., 2013) and muscle strength
(Coats et al., 2013; Sebio Garcia et al., 2017) as well as decrease the loss
of function that inevitably occurs after surgical intervention (Stefanelli
et al., 2013). For instance, a randomized controlled trial on 40 patients
with stage I-II non-small cell lung cancer (NSCLC) found that 3-week
preoperative training consisting of respiratory exercise and HIIT pro-
gram produces a significant improvement in favor of intervention for
cardiorespiratory fitness at the end of the prehabilitative program (17.8
+ 2.1 vs. 14.5 £+ 1.2 mL/kg/min; p<.0.0001) and 60 days after surgery
(17.8 £ 2.1 vs. 14.5 + 1.2mL/kg/min; p<.0.0001) (Stefanelli et al.,
2013). Instead, the impact of exercise prehabilitation on pulmonary
function is still debated, with some authors reporting no clear benefits
(Bobbio et al., 2008; Coats et al., 2013; Jones et al., 2007; Lai et al.,
2017; Lai et al., 2017; Morano et al., 2013; Perrotta et al., 2019; Rispoli
et al., 2020) while others find a positive effect (Marhic et al., 2019;
Pehlivan et al., 2011; Rispoli et al., 2020; Saito et al., 2017).

Most trials detected an improvement in PoC (Boujibar et al., 2018;
Huang et al., 2018; Lai et al., 2017; Lai et al., 2017; Morano et al., 2013;
Pehlivan et al., 2011; Rispoli et al., 2020; Saito et al., 2017) and LoS
(Benzo et al., 2011; Fang et al., 2013; Gao et al., 2015; Lai et al., 2017a,
2017b; Morano et al., 2013; Pehlivan et al., 2011; Rispoli et al., 2020;
Zhou et al., 2017), even if not all the investigations are concordant
(Chesterfield-Thomas and Goldsmith, 2016; Licker et al., 2017; Sebio
Garcia et al., 2017; Sekine et al., 2005). Lai et al. tested a 7-day program
including thoracic expansion, and incentive spirometry exercises per-
formed thrice per day, abdominal breathing exercises twice daily, and
aerobic training, 30 minutes per day in 101 patients with NSCLC stage
I-IV scheduled for lobectomy. The postoperative assessment revealed
that patients allocated to the intervention had a shorter LoS (6.1 + 3.0
vs. 8.7 + 4.6 days, p = 0.001) and a lower incidence of PoC (9.8% vs.
28.0%; p = 0.019) than the usual care group. Moreover, prehabilitation
was found to be an independent prognostic factor of the PoC risk (Lai
et al., 2017).

Exercise as prehabilitation in lung cancer failed to detect benefits in
terms of postoperative mortality (Chesterfield-Thomas and Goldsmith,
2016; Fang et al., 2013; Licker et al., 2017), QoL, fatigue, and psycho-
logical status (Coats et al., 2013; Huang et al., 2017; Lai et al., 2017a,
2017b; Peddle et al., 2009; Sebio Garcia et al., 2017). On the other hand,
prehabilitation has been demonstrated to be effective in making oper-
able patients who were initially functionally inoperable. In this sense,
Goldsmith et al. offered exercise prehabilitation to 206 patients affected
by NSCLC with borderline or poor pulmonary function, of which almost
half were considered ineligible to undergo radical treatments. The
program lasted 2-4 weeks, and patients were instructed to perform
respiratory muscle training and breathing exercises three times per day
and aerobic training twice a week at moderate/vigorous intensity.
Following prehabilitation, the percentage of patients considered
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Table 3
Studies investigating exercise prehabilitation in lung cancer.

Author (year)

Study design, Anticancer treatment
sample size, cancer

site and stage

Intervention

Main results

Divisi D. et al.
(2012)

Pehlivan E. et al.

(2019)

Liu Z. et al.
(2019)

Harada H. et al.
(2013)

Sommer M.S.
et al. (2016)

Benzo R. et al.
(2011)

Coats V. et al.
(2013)

Stefanelli F. et al.

(2013)

Chesterfield-
Thomas G. et al.
(2016)

Lai Y. et al.
(2016)

Morano M.T.

et al. (2013)

Jones L.W. et al.
(2007)

Single arm NR
27 pts with lung
cancer, stage I

Single arm NR

23 pts with lung

cancer

RCT Neoadjuvant therapy

73 pts with lung
cancer, stage I-III

Prospective vs. No
historical cohort

50 pts with lung

cancer, stage I-III

RCT (4 arms)
40 pts with lung
cancer, stage I-III

Adjuvant chemotherapy

RCT NR
9 pts with lung
cancer

RCT NR
19 pts with lung
cancer

Chemotherapy or palliative
chemotherapy or palliative
radiotherapy/ chemotherapy

Single arm
13 pts with lung
cancer, stage I-IV

RCT NR
40 pts with lung
cancer, stage I-I

2 arms no-RCT NR
42 pts with lung

cancer

RCT NR

60 pts with lung
cancer, stage I-IV

RCT NR
24 pts with lung
cancer, stage I-III

Single arm NR
20 pts with lung
cancer

4 weeks, 6 times per week of 50 min. respiratory
physiotherapy and 40 min. aerobic training

15 days, home-based chest physiotherapy, daily
walk at 80% HRmax HR, twice a day of inspiratory
muscle training (30% MIP) and pulmonary
rehabilitation

2 weeks of home based, aerobic training, 3 times
per week, 30 min min. per session at moderate
intensity, and resistance training, 2 times per
week, 3 sets of 10-12 reps plus nutritional
counseling with protein supplementation and
psychological support vs. standard care

2-5 weeks of supervised respiratory exercises and
aerobic training plus nutritional support with
aminoacidic supplementation (IG)

vs. supervised conventional physical training once
a week (CG)

2 weeks of preoperative and 12 weeks of
postoperative aerobic and strength activity
initiated 2 weeks after surgery vs. 2 weeks of
preoperative and 12 weeks of postoperative
aerobic and strength activity initiated 6 weeks
after surgery vs. 12 weeks of postoperative aerobic
and strength activity initiated 6 wks after surgery
vs.12 wks of postoperative aerobic and strength
activity initiated 2 wks after surgery

4-week of exercise prehabilitation using
guidelines vs. standard of care

1 week, 10 sessions, twice a day, 20 min. aerobic
training, resistance exercises, 2 sets of 10-12 reps,
every other day, 10 min. breathing exercises and
15-20 min. daily inspiratory muscle training vs.
standard care

4 weeks, 3-5 times per week of home-based
aerobic training, 30 min. at 60-80% of the peak
workload and resistance, exercises 1-2 set of
10-15 reps

3 weeks, 15 sessions, 3 hours sessions of
respiratory exercises followed by high intensity
training up to 30 min. at 70% peak work rate vs.
standard care

7.1+6.5 days, 3 times per day of respiratory
muscle training and breathing exercises, aerobic
training and walking twice weekly, training in
activities daily living, health education and
pharmacology agents (if necessary) vs. patients
underwent straight to surgery

1 week, of supervised, abdominal breathing
exercises, 15-20 min. twice a day, 20 min
expiration exercises, 3 times per day and 30 min.
daily aerobic training vs. standard care

4 weeks, 5 times per week of aerobic training
10-30 min. at 80% peak workload), and daily
inspiratory muscle training, 10-20 min. at 20%-
60% MIP vs. chest physical therapy

4 weeks of supervised aerobic training

first week: 5 sessions, 20-30 min. at 60-65%
VO2peak; second and third week, 4 sessions,
25-30 min at 60-65% VO2peak + 1 session,
20-25 min. at ventilatory threshold; fourth week,
3 sessions at 60-65% VO2peak, 1 threshold
workout for 20-30 min. and 1 interval workout,
30 seconds at VO2peak followed by 60 seconds of
active recovery (10-15 intervals)

12

All patients, initially functionally ineligible,
became eligible and underwent surgery;

1 FEV1, FVC, DLCO, VO2max, 6MWT.

65% initially functionally ineligible of
patients became eligible underwent surgery;
1 FEV1, FVC, MIP, dyspnea, 6MWT, VO2cay;
<MEP.

1 IG vs. CG: 6MWD, FVC

< IG vs. CG: FEV; and other pulmonary
parameters, WHODAS 2.0, anxiety and
depression, QoR-9, 30-day PoC, mortality, LoS
and chest tube duration.

1 PoC in IG with poor preoperative conditions
compared with similar in CG;

1 PoC in IG with preoperative risk score >3
compared with similar in CG;

1 1G vs. CG: FEV1, VC.

Preoperative interventions not feasible
Postoperative interventions safe and feasible
1 6MWT, strength (exercise adherence > 70%)
1 strength (exercise adherence > 70%)

< VO2pear, pulmonary parameters

Poor recruitment;

The study was prematurely stopped due to the
low likelihood of meaningful accrual;

< PoC, LoS, severe atelectasis, prolonged
chest tube, prolonged mechanical ventilation.
1 IG vs. CG: LOS, incidence and need of
prolonged chest tube;

< shuttle walk test, intensive care unit hours,
PoC, ventilation hours, respiratory failure,
pneumonia and severe atelectasis.

1 strength, 6MWT, perceived physical fitness,
depression; <> VOapear, QoL, anxiety.

1 IG vs. CG: VOgpeax at pre-surgery and 60
days after surgery;

| FEV1, DLCO, VOapcax at 60 days after
surgery in IG and CG.

1 1G vs. CG: Thoracoscore, dyspnoea, PoC,
postoperative mortality, performance status;
< IG vs. CG: LOS.

1 IG vs. CG: 6MWT, peak expiratory flow, PoC,
+ IG vs. CG: FEV1, FVC, DLCO, QoL.

1 IG vs. CG: FVC, 6MWT, MIP, MEP, LoS,
bronchospasm, bronchopleural fistula, PoC,
days with chest tubes;

< IG vs. CG: FEV1, intensive care unit stay,
mechanical ventilation >48 h, pneumonia,
atelectasis.

1 VOzpeak, 6MWT.

1 VOzpeak, 6BMWT in patients with >80%
adherence vs. <80% adherence

< FVC, DLCO, FEV1.

(continued on next page)



N. Del Bianco et al.

Table 3 (continued)

Critical Reviews in Oncology / Hematology 198 (2024) 104350

Author (year) Study design, Anticancer treatment Intervention Main results

sample size, cancer

site and stage
Lai Y. et al. RCT NR 7 days of supervised, thoracic expansion exercises 1IG vs. CG: peak expiratory flow, 6MWT, PoC,
(2017) 101 pts with lung 3 times per day, 20 breaths per session, 15-30min  LoS, hospital and drug expenses;

cancer, stage I-IV abdominal breathing exercises, twice daily, and < Qol, fatigue, dyspnea;

aerobic training 30 min per day vs. standard care Preoperative regimen and number of risk
factor are independent risk factors for PoC.

Lai Y. et al. RCT NR 1 week of supervised, breathing exercise 3 times 1 IG vs. CG: 6MWT, emotional function, LoS,
(2019) 68 pts with lung per day, 20 breaths per session, and aerobic total, material and drug costs, PoC

Gravier F.E. et al.
(2019)

Gravier F.E. et al.
(2022)

Saito H. et al.
(2017)

Pehlivan E. et al.
(2011)

Zhou K. et al.
(2017)

Huang J. et al.
(2017)

Fang Y. et al.
(2013)

Boujibar F. et al.
(2018)

Gao K. et al.
(2014)

Perrotta F. et al.
(2019)
Licker M. et al.

(2016)

Karenovics W.
et al. (2016)

Bathia C. et al.
(2019)

cancer

Single arm
50 pts with lung
cancer, stage I-IV

RCT
36 pts with lung
cancer, stage I-IV

2 arms retrospective
116 pts with lung
cancer, stage I-III

RCT

60 pts with lung
cancer, stage I-III

2 arms retrospective
197 pts with lung
cancer, stage I-IV

RCT (3 arms)
90 pts with lung
cancer, stage I-III

RCT
61 pts with lung
cancer,

2 arms retrospective
34 pts with lung
cancer, stage I-III

RCT
142 pts with lung
cancer, stage I-IV

Single arm

25 pts with lung
cancer, stage I-III
RCT

151 pts with lung
cancer, stage I-III

RCT
151 pts with lung
cancer, stage I-III

RCT
151 pts with lung
cancer, stage I-III

Neoadjuvant chemotherapy

No

No

No

NR

NR

No

NR

NR

Neoadjuvant chemotherapy

Neoadjuvant chemotherapy

NR

training 30 min. per day vs. standard care

6 weeks, 3-5 times per week of 90 min supervised
training including: 15-45 min. aerobic training,
resistance exercises, 3 sets of 12 reps at 60-70%
1RM, and 15 min daily inspiratory muscle training
at 30% MIP

3 weeks, 5 times per week of 90 min. supervised
aerobic training, 15-45 min., resistance exercises,
3 sets of 12 reps at 60-70% 1RM, and 15 min.
daily inspiratory muscle training at 30% MIP (IG)
vs. 5 weeks, 3 times per week, of 90 min.
supervised aerobic training, 15-45 min.,
resistance exercises, 3 sets of 12 reps at 60-70%
1RM, and 15 min. daily inspiratory muscle
training at 30% MIP (CG)

2-4 weeks, 5 times per week of supervised
breathing exercises, aerobic training plus
postoperative breathing, chest, shoulder girdle,
aerobic training until discharge vs. standard care

1 week, 3 times per day of walking and chest
physiotherapy vs. standard care

7 days of supervised aerobic exercises 30 min.
daily, inspiratory muscle training (abdominal
breathing, twice a day for 15-20 min. and
inspiration exercises three times per day for

20 min.) vs. standard care

1 week of supervised inspiratory muscle training
(abdominal breathing training, 2/3 times daily for
15-20 min. + thoracic breathing training (four
times daily for 20 min.), aerobic training twice
daily for 20 min (IG1). vs. inspiratory muscle
training (IG2) vs. standard care (CG)

2 weeks, 5 times per week, of 40 min. aerobic
exercises at 60-80% VOzmax and breathing
exercises vs. standard care

17 sessions, 3/5 sessions per week of 45 min.
endurance training at ventilatory threshold,
resistance exercises, 3 sets of 12 reps at 70% 1RM,
and inspiratory muscle training at 30% MIP vs.
standard care

3-7 days, twice daily abdominal breathing, 20-30
breaths each time, 20 min. breathing training
device, twice daily 15-20 min. aerobic exercises
and 15-20 min. on stair climbing vs. standard care
3 weeks of supervised 3-hour session, 5 times per
week, respiratory exercises, high intensity training
at 70% peak workload up to 30 min.

26 days, 2/3 times per week of supervised HIIT
(two 10-min series of 15 seconds sprint at
80-100% peak work rate and 15 seconds pauses),
resistance exercises vs. standard care

26 days, 2/3 times per week of supervised HIIT
(two 10-min series of 15 seconds sprint at
80-100% peak work rate and 15 seconds pauses),
resistance exercises vs. standard care

26 days, 2/3 times per week of supervised HIIT
(two 10-min series of 15 seconds sprint at
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< IG vs. CG: FEV,, FVC, DLCO, peak
expiratory flow, fatigue, dyspnea, QoL.

1 VO2peak

< VE/VCO2 slope

Patients performed >15 sessions improve VE/
VCO2 and VOgpeax compared to performed
<15 sessions.

No difference considering different cancer
stage.

< IG vs. CG: VOgpeak BMI, strength, QoL.

1 IG vs. CG: FEV1, VC, PoGC;?1 IG vs. CG:
FEV1,1-month after surgery;

< IG vs. CG: VC, 1 and 6 months after surgery,
FEV1, 6 months after surgery;

Age, ppoFEV1 and pulmonary rehabilitation
were independent risk factors for PoC.

1 IG vs. CG: PoC, LOS;

« IG vs. CG: FEV1, DLCO, FVC and other
pulmonary parameters.

1 IG vs. CG: PoC, LoS, postoperative expenses;
| IG vs. CG: preoperative expenses;

< IG vs. CG: in-hospital expenses.

1 IG1 vs. CG: PoC, LoS, 6MWT;

1 IG1 vs. IG2, CG: PEF;

QoL (improvement only in global QoL),
FEV1, FVC, DLCO.

1 IG vs. CG: FVC, DLCO, VOgmax, OXygen
therapy time, mechanical ventilation time,
LOS;

—cardiopulmonary complications,
arrhythmia, pulmonary infection, atelectasis,
postoperative failure, 30-days mortality.

1 IG vs. CG: PoC;

< IG vs. CG: LoS.

1 IG vs. CG: PoC, LoS;
< IG vs. CG: hospital costs.

1 VO,peak, Vi/VCOo;

< FEV1, DLCO and other pulmonary
parameters.

1 1IG vs. CG: VO2peak, 6MWT, respiratory
complications, LoS in PACU;

< IG vs. CG: LoS, 30-day mortality, rate of
admission to the intensive care unit.

< IG vs. CG: mortality, VOapear, FVC, FEV1,
DLCO at 1-year after surgery.

1 IG vs. CG: VO2peak, 6MWT.

(continued on next page)
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Author (year)

Study design,

sample size, cancer

site and stage

Anticancer treatment

Intervention

Main results

Garcia R.S. et al.
(2016)

Bradley A. et al.
(2013)

Tenconi S. et al.
(2021)

Finley D.J. et al.
(2021)

Ferreira V. et al.
(2020)

Ferreira V. et al.
(2021)

Goldsmith I. et a.
(2022)

RCT
22 pts with lung
cancer,

2 arms
363 pts with lung
cancer

RCT
140 pts with lung
cancer, stage I-1I

Single arm

18 pts with lung
cancer, stage I-III
RCT

124 pts with lung
cancer, stage I-IV

RCT
34 pts with lung
cancer, stage I-III

Single arm
216 pts with lung
cancer, stage I-IV

NR

No

NR

Neoadjuvant therapy

No

NR

80-100% peak work rate and 15 seconds pauses),
resistance exercises vs. standard care

16 sessions, 3-5 times per week of interval
endurance training, 1 min. at 80% or peak work
rate and 4 min. at 50% of peak work rate (30 min
total), resistance training, 3 sets of 15 reps,
breathing exercises, 30 reps at 80% of the maximal
vital capacity vs. standard care

4 sessions, twice weekly of supervised aerobic,
resistance training and inspiratory muscle training
plus rejoined rehabilitation program between 4
and 6 weeks after surgery for up to 3 months vs.
standard care

14 prehabilitation sessions, including: 6
supervised sessions, 2-3 times per week, 2 hours of
aerobic training, resistance training and
respiratory muscle training + 8 home-based
sessions, 3—-4 times per week, 1 hour of respiratory
muscle training and 30 min walking at 60-80%
HRmax HR plus 8 weeks, 39 rehabilitation
sessions including: 15 supervised sessions, 2 times
per week, of aerobic, resistance, exercises and
respiratory muscle training + 24 home-based
sessions3—4 times per week, 1 hour of respiratory
muscle training and 30 min walking at 60-80%
HRmax HR vs. standard care

3 weeks, 5 times per week, of home-based 30 min.
aerobic training

4 weeks, 3 times per week of home-based 30 min.
aerobic training, resistance exercises, 2 sets of
8-12 reps plus nutritional counseling with protein
supplementation plus psychological support +
continue program 8 weeks after surgery vs.
exercise program starting 8 weeks after surgery

4 weeks, 1 time per week of supervised 30 min.
aerobic training and 30 min. resistance exercises,
1-2 sets of 8-15 reps plus nutritional counseling
with protein supplementation plus psychological
support + home-based, daily 30 min. of moderate
aerobic and resistance training every second day
vs. standard care

2-4 weeks, of respiratory muscle training and
breathing exercises three times per day and
aerobic training twice a week at moderate/
vigorous intensity

1 IG vs. CG: strength, QoL (physical summary
components), exercise tolerance;

1 IG vs. CG: strength, QoL (physical summary
components), exercise tolerance, 3-month
after surgery;

« IG vs. CG: LoS, PoC, 6MWT;

< IG vs. CG: exercise tolerance, strength, QoL
immediately after surgery.

1 IG vs. CG: 6MWt, FEV1, LoS;

< IG vs. CG: PoC, readmission rate, intensive
care unit, hospital and 30-day mortality.

1 IG vs. CG: 6MWT
< IG vs. CG: FEV,, FVC, DLCO, LoS, QoL,
HADS, pain, PoC.

< 6MWT.

1 IG vs. CG: QoL, mental and physical
summary at 4 weeks after surgery; physical
summary at 8 weeks after surgery

< IG vs. CG: 6MWT at 4 and 8 weeks after
surgery; LoS, 30 days emergency visits,
readmission rate, mortality, PoC.

< IG vs. CG: 6MWT, QolL, fatigue, anxiety,
depression, physical activity level, body
composition.

1 dyspnea, 6MWT, rate of pts eligible for
surgery and radical anticancer treatments.

Abbreviations: 1, significant improvement; |, significant worsening; <, no significant change, IG, interventional group; CG, control group; pts, patients; RCT, ran-
domized controlled trial; HIIT, high-intensity interval training; 6MWT, six minutes walking test, BMI, body mass index; VO2max, maximal oxygen consumption;
VO2peak, peak oxygen consumption; QoL, quality of life; PoC, post-operative complications; LoS, length of hospital stay; NR, not reported; VE/CO2, ventilatory
equivalent for CO2; VC, vital capacity; 6MWT, six minutes walking test; FEV1, forced expiratory volume in 1 second; DLCO, diffusing capacity of the lung for carbon
monoxide; MEP, maximal expiratory pressure; MIP, maximal inspiratory pressure; FVC, force vital capacity;

suitable for any radical treatment (48.2% vs. 93.1%; p<0.05) and ready
to proceed with surgery (41.2% vs. 75.8%; p<0.001) drastically
increased compared to baseline (Goldsmith et al., 2021).

Altogether, exercise prehabilitation in lung cancer appears to be the
most studied context in which the evidence of improved postoperative
outcomes is stronger.

4. Future directions and new opportunities

Overall, this overview of the literature on the effect of exercise, alone
or in combination with other interventions, offers several starting points
for reflection to address future research in this setting (Fig. 1).

The included studies show that exercise can increase cardiorespira-
tory fitness before surgery and accelerate recovery compared to reha-
bilitative programs across different cancer types. Nevertheless, whereas
the beneficial role of exercise prehabilitation on postoperative outcomes
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has been demonstrated for some malignancies, the impact remains un-
clear for others. This elusiveness may be due to the relatively low
amount of research and the limitation in the methodological quality of
the trials, often not adequately powered to detect differences in clinical
outcomes. Indeed, it is immediately evident that some cancer types, such
as lung and gastrointestinal, are deeply analyzed in terms of the number
of published studies, while others are poor or even never investigated, e.
g., head and neck, kidneys, melanoma, breast, and gynecologic. Future
investigations should overcome these information gaps.

Another interesting issue regards exercise prehabilitation in combi-
nation with systemic neoadjuvant treatments. Although neoadjuvant
therapies aim to reduce tumor burden to increase the chance of under-
going surgical resection, they are often accompanied by different tox-
icities that may impact cardiorespiratory and musculoskeletal fitness.
Paradoxically, these impairments may limit patients’ surgical eligibility
and expose patients to a high risk of developing PoC. As demonstrated in
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New opportunities for exercise
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Fig. 1. Opportunities for future research in exercise prehabilitation in the oncological setting.

several investigations, exercise may reduce the loss of function in this
phase and mitigate treatment-related adverse events to maximize the
chance of undergoing surgery with the best physical condition possible.
Moreover, exercise could synergize with neoadjuvant treatments,
influencing their distribution, pharmacodynamics, and metabolism,
thus increasing the pathological response. However, to date, only two
investigations on rectal cancer have preliminarily explored this aspect,
leaving the impact of exercise on treatment little known. The combi-
nation of exercise and neoadjuvant therapies, from this point of view,
may offer an intriguing field for future studies, on one side, to enlarge
the investigation to those malignancies yet not explored under neo-
adjuvant regiments (e.g., lung cancer) and on the other, to deciphering
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the potential effect and the underlying mechanisms sustaining exercise
on tumor response.

Currently, most investigations include patients undergoing surgery
with curative intent. Nevertheless, even palliative and reconstructive
surgeries may expose patients to PoC risk and prolonged LoS, especially
if considered that, for instance, palliative surgery is most proposed for
patients with advanced cancer, who are frailer than other patients. Even
in this case, exercise could help to physically prepare patients to face
stressful events such as these kinds of surgery.

The final considerations regard the prescription of exercise during
the prehabilitation phase. Across studies, unimodal or multimodal in-
terventions have been tested. Nevertheless, a better understanding of the
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different impacts of the two modalities is needed in order to identify if
exercise may be effective also alone and in which malignancies, or only
in combination with other approaches. Additionally, up to now, the
indications about exercise in the prehabilitation guidelines are general,
without specific information regarding the optimal dosage. In the future,
studies should address this lack in order to define the best type, fre-
quency, duration, and intensity of exercise, as well as the length of the
program, in consideration of the different possible settings. Indeed, it is
possible to speculate that patients with colorectal cancer and those with
lung malignancies would require different exercise dosages to obtain
benefits from exercise as well as that the prescription of exercise may be
adapted based on the neoadjuvant treatment regime.

Last but not least, although a recent review has reported the potential
mechanisms underlying prehabilitation and surgical complications
(Sibley et al., 2023)., exploring the mechanisms by which exercise
prehabilitation may produce benefits, is another partially uncovered
area that may help reinforce the importance of exercise and better
personalize the prescription for each patient’s need.

Overall, the introduction of exercise in the prehabilitation context
appears effective in improving outcomes, especially in some malig-
nancies. Given the rapidly evolving landscape, further research is
necessary to investigate underexplored areas and define the optimal
exercise dosage, considering each cancer setting.

Funding

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

CRediT authorship contribution statement

Nicole Del Bianco, Conceptualization, Methodology, Formal anal-
ysis, Writing — original draft, Writing — review & editing, Visualization,
Data curation. Anita Borsati, Methodology, Formal analysis, Writing —
original draft, Writing — review & editing, Visualization. Linda Toniolo,
Writing — review & editing, Visualization. Christian Ciurnielli, Writing
- review & editing, Visualization. Lorenzo Belluomini, Writing — re-
view & editing, Visualization. Jessica Insolda, Writing — review &
editing, Visualization. Marco Sposito, Writing — review & editing,
Visualization. Michele Milella, Writing — review & editing, Visualiza-
tion. Federico Schena, Writing — review & editing, Visualization. Sara
Pilotto, Conceptualization, Methodology, Formal analysis, Writing —
original draft, Writing — review & editing, Visualization, Data curation.
Alice Avancini, Conceptualization, Methodology, Formal analysis,
Writing — original draft, Writing — review & editing, Visualization, Data
curation, Supervision, Project administration.

Declaration of Competing Interest

SP reports personal fees from AstraZeneca, Eli-Lilly, Novartis,
AMGEN, BMS, Boehringer Ingelheim, Merck & Co. and Roche; and
grants from AstraZeneca and BMS outside the submitted work. EB re-
ports personal fees, non-financial support and other from MSD, Astra-
Zeneca, Pfizer, Eli-Lilly, BMS, Novartis and Roche; and grants from
AstraZeneca and Roche, outside the submitted work. MM reports per-
sonal fees from Pfizer, MSD, AstraZeneca, EUSA Pharma, Boehringer
Ingelheim and Ipsen; and grants from Roche and BMS, outside the sub
mitted work. All remaining authors declare no conflicts of interests.

Acknowledgement
None.
Appendix A. Supporting information

Supplementary data associated with this article can be found in the

16

Critical Reviews in Oncology / Hematology 198 (2024) 104350

online version at doi:10.1016/j.critrevonc.2024.104350.

References

Akiyama, Y., Sasaki, A., Fujii, Y., Fujisawa, R., Sasaki, N., Nikai, H., Endo, F., Baba, S.,
Hasegawa, Y., Kimura, T., Takahara, T., Nitta, H., Otsuka, K., Koeda, K.,
Nishimura, Y., Iwaya, T., 2021. Efficacy of enhanced prehabilitation for patients
with esophageal cancer undergoing esophagectomy. Esophagus 18 (1), 56-64.
https://doi.org/10.1007/5s10388-020-00757-2.

Allen, S.K., Brown, V., White, D., King, D., Hunt, J., Wainwright, J., Emery, A., Hodge, E.,
Kehinde, A., Prabhu, P., Rockall, T.A., Preston, S.R., Sultan, J., 2022. Multimodal
Prehabilitation During Neoadjuvant Therapy Prior to Esophagogastric Cancer
Resection: Effect on Cardiopulmonary Exercise Test Performance, Muscle Mass and
Quality of Life-A Pilot Randomized Clinical Trial. Ann. Surg. Oncol. 29 (3),
1839-1850. https://doi.org/10.1245/510434-021-11002-0.

Argudo, N., Rodé-Pin, A., Martinez-Llorens, J., Marco, E., Visa, L., Messaggi-Sartor, M.,
Balana-Corberd, A., Ramoén, J.M., Rodriguez-Chiaradia, D.A., Grande, L., Pera, M.,
2021. Feasibility, tolerability, and effects of exercise-based prehabilitation after
neoadjuvant therapy in esophagogastric cancer patients undergoing surgery: an
interventional pilot study. Dis. Esophagus 34 (4). https://doi.org/10.1093/dote/
doaa086.

Au, D., Matthew, A.G., Lopez, P., Hilton, W.J., Awasthi, R., Bousquet-Dion, G., Ladha, K.,
Carli, F., Santa Mina, D., 2019. Prehabilitation and acute postoperative physical
activity in patients undergoing radical prostatectomy: a secondary analysis from an
RCT. Sports Med Open 5 (1), 18. https://doi.org/10.1186/540798-019-0191-2.

Ausania, F., Senra, P., Meléndez, R., Caballeiro, R., Ouvina, R., Casal-Nunez, E., 2019.
Prehabilitation in patients undergoing pancreaticoduodenectomy: a randomized
controlled trial. Rev. Esp. Enferm. Dig. 111 (8), 603-608. https://doi.org/10.17235/
reed.2019.6182/2019.

Avancini, A., Cavallo, A., Trestini, I., Tregnago, D., Belluomini, L., Crisafulli, E.,
Micheletto, C., Milella, M., Pilotto, S., Lanza, M., Infante, M.V., 2021. Exercise
prehabilitation in lung cancer: Getting stronger to recover faster. Eur. J. Surg. Oncol.
47 (8), 1847-1855. https://doi.org/10.1016/j.ejs0.2021.03.231.

Banerjee, S., Manley, K., Shaw, B., Lewis, L., Cucato, G., Mills, R., Rochester, M.,
Clark, A., Saxton, J.M., 2018. Vigorous intensity aerobic interval exercise in bladder
cancer patients prior to radical cystectomy: a feasibility randomised controlled trial.
Support Care Cancer 26 (5), 1515-1523. https://doi.org/10.1007/500520-017-
3991-2.

Batchelor, T.J.P., Rasburn, N.J., Abdelnour-Berchtold, E., Brunelli, A., Cerfolio, R.J.,
Gonzalez, M., Ljungqvist, O., Petersen, R.H., Popescu, W.M., Slinger, P.D., Naidu, B.,
2019. Guidelines for enhanced recovery after lung surgery: recommendations of the
Enhanced Recovery After Surgery (ERAS®) Society and the European Society of
Thoracic Surgeons (ESTS). Eur. J. Cardiothorac. Surg. 55 (1), 91-115. https://doi.
org/10.1093/ejcts/ezy301.

Benzo, R., Wigle, D., Novotny, P., Wetzstein, M., Nichols, F., Shen, R.K., Cassivi, S.,
Deschamps, C., 2011. Preoperative pulmonary rehabilitation before lung cancer
resection: results from two randomized studies. Lung Cancer 74 (3), 441-445.
https://doi.org/10.1016/j.lungcan.2011.05.011.

Berkel, A.E.M., Bongers, B.C., Kotte, H., Weltevreden, P., de Jongh, F.H.C., Eijsvogel, M.
M.M., Wymenga, M., Bigirwamungu-Bargeman, M., van der Palen, J., van Det, M.J.,
van Meeteren, N.L.U., Klaase, J.M., 2022. Effects of Community-based Exercise
Prehabilitation for Patients Scheduled for Colorectal Surgery With High Risk for
Postoperative Complications: Results of a Randomized Clinical Trial. Ann. Surg. 275
(2), €299-e306. https://doi.org/10.1097/SLA.0000000000004702.

Bhatia, C., Kayser, B., 2019. Preoperative high-intensity interval training is effective and
safe in deconditioned patients with lung cancer: A randomized clinical trial.

J. Rehabil. Med 51 (9), 712-718. https://doi.org/10.2340/16501977-2592.

Blackwell, J.E.M., Doleman, B., Boereboom, C.L., Morton, A., Williams, S., Atherton, P.,
Smith, K., Williams, J.P., Phillips, B.E., Lund, J.N., 2020. High-intensity interval
training produces a significant improvement in fitness in less than 31 days before
surgery for urological cancer: a randomised control trial. Prostate Cancer Prostatic
Dis. 23 (4), 696-704. https://doi.org/10.1038/s41391-020-0219-1.

Bobbio, A., Chetta, A., Ampollini, L., Primomo, G.L., Internullo, E., Carbognani, P.,
Rusca, M., Olivieri, D., 2008. Preoperative pulmonary rehabilitation in patients
undergoing lung resection for non-small cell lung cancer. Eur. J. Cardiothorac. Surg.
33 (1), 95-98. https://doi.org/10.1016/j.ejcts.2007.10.003.

Boujibar, F., Bonnevie, T., Debeaumont, D., Bubenheim, M., Cuvellier, A., Peillon, C.,
Gravier, F.E., Baste, J.M., 2018. Impact of prehabilitation on morbidity and
mortality after pulmonary lobectomy by minimally invasive surgery: a cohort study.
J. Thorac. Dis. 10 (4), 2240-2248. https://doi.org/10.21037/jtd.2018.03.161.

Bousquet-Dion, G., Awasthi, R., Loiselle, S., Minnella, E.M., Agnihotram, R.V.,
Bergdahl, A., Carli, F., Scheede-Bergdahl, C., 2018. Evaluation of supervised
multimodal prehabilitation programme in cancer patients undergoing colorectal
resection: a randomized control trial. Acta Oncol. 57 (6), 849-859. https://doi.org/
10.1080/0284186X.2017.1423180.

Brahmbhatt, P., Sabiston, C.M., Lopez, C., Chang, E., Goodman, J., Jones, J.,
McCready, D., Randall, I., Rotstein, S., Santa Mina, D., 2020. Feasibility of
Prehabilitation Prior to Breast Cancer Surgery: A Mixed-Methods Study. Front Oncol.
10, 571091 https://doi.org/10.3389/fonc.2020.571091.

Bundred, J.R., Kamarajah, S.K., Hammond, J.S., Wilson, C.H., Prentis, J.,
Pandanaboyana, S., 2020. Prehabilitation prior to surgery for pancreatic cancer: A
systematic review. Pancreatology 20 (6), 1243-1250. https://doi.org/10.1016/j.
pan.2020.07.411.

Carli, F., Bousquet-Dion, G., Awasthi, R., Elsherbini, N., Liberman, S., Boutros, M.,
Stein, B., Charlebois, P., Ghitulescu, G., Morin, N., Jagoe, T., Scheede-Bergdahl, C.,


https://doi.org/10.1016/j.critrevonc.2024.104350
https://doi.org/10.1007/s10388-020-00757-2
https://doi.org/10.1245/s10434-021-11002-0
https://doi.org/10.1093/dote/doaa086
https://doi.org/10.1093/dote/doaa086
https://doi.org/10.1186/s40798-019-0191-2
https://doi.org/10.17235/reed.2019.6182/2019
https://doi.org/10.17235/reed.2019.6182/2019
https://doi.org/10.1016/j.ejso.2021.03.231
https://doi.org/10.1007/s00520-017-3991-2
https://doi.org/10.1007/s00520-017-3991-2
https://doi.org/10.1093/ejcts/ezy301
https://doi.org/10.1093/ejcts/ezy301
https://doi.org/10.1016/j.lungcan.2011.05.011
https://doi.org/10.1097/SLA.0000000000004702
https://doi.org/10.2340/16501977-2592
https://doi.org/10.1038/s41391-020-0219-1
https://doi.org/10.1016/j.ejcts.2007.10.003
https://doi.org/10.21037/jtd.2018.03.161
https://doi.org/10.1080/0284186X.2017.1423180
https://doi.org/10.1080/0284186X.2017.1423180
https://doi.org/10.3389/fonc.2020.571091
https://doi.org/10.1016/j.pan.2020.07.411
https://doi.org/10.1016/j.pan.2020.07.411

N. Del Bianco et al.

Minnella, E.M., Fiore, J.F., 2020. Effect of Multimodal Prehabilitation vs
Postoperative Rehabilitation on 30-Day Postoperative Complications for Frail
Patients Undergoing Resection of Colorectal Cancer: A Randomized Clinical Trial.
JAMA Surg. 155 (3), 233-242. https://doi.org/10.1001/jamasurg.2019.5474.

Carli, F., Charlebois, P., Stein, B., Feldman, L., Zavorsky, G., Kim, D.J., Scott, S., Mayo, N.
E., 2010. Randomized clinical trial of prehabilitation in colorectal surgery. Br. J.
Surg. 97 (8), 1187-1197. https://doi.org/10.1002/bjs.7102.

Caspersen, C.J., Powell, K.E., Christenson, G.M., 1985. Physical activity, exercise, and
physical fitness: definitions and distinctions for health-related research. Public
Health Rep. 100 (2), 126-131. (https://www.ncbi.nlm.nih.gov/pubmed/3920711).

Chen, B.P., Awasthi, R., Sweet, S.N., Minnella, E.M., Bergdahl, A., Santa Mina, D.,
Carli, F., Scheede-Bergdahl, C., 2017. Four-week prehabilitation program is
sufficient to modify exercise behaviors and improve preoperative functional walking
capacity in patients with colorectal cancer. Support Care Cancer 25 (1), 33-40.
https://doi.org/10.1007/500520-016-3379-8.

Chesterfield-Thomas, G., Goldsmith, I., 2016. Impact of preoperative pulmonary
rehabilitation on the Thoracoscore of patients undergoing lung resection. Inter.
Cardiovasc Thorac. Surg. 23 (5), 729-732. https://doi.org/10.1093/icvts/ivw238.

Cho, H., Yoshikawa, T., Oba, M.S., Hirabayashi, N., Shirai, J., Aoyama, T., Hayashi, T.,
Yamada, T., Oba, K., Morita, S., Sakamoto, J., Tsuburaya, A., 2014. Matched pair
analysis to examine the effects of a planned preoperative exercise program in early
gastric cancer patients with metabolic syndrome to reduce operative risk: the
Adjuvant Exercise for General Elective Surgery (AEGES) study group. Ann. Surg.
Oncol. 21 (6), 2044-2050. https://doi.org/10.1245/s10434-013-3394-7.

Christensen, J.F., Simonsen, C., Banck-Petersen, A., Thorsen-Streit, S., Herrstedt, A.,
Djurhuus, S.S., Egeland, C., Mortensen, C.E., Kofoed, S.C., Kristensen, T.S.,
Garbyal, R.S., Pedersen, B.K., Svendsen, L.B., Hgjman, P., de Heer, P., 2019. Safety
and feasibility of preoperative exercise training during neoadjuvant treatment before
surgery for adenocarcinoma of the gastro-oesophageal junction. BJS Open 3 (1),
74-84. https://doi.org/10.1002/bjs5.50110.

Coats, V., Maltais, F., Simard, S., Fréchette, E., Tremblay, L., Ribeiro, F., Saey, D., 2013.
Feasibility and effectiveness of a home-based exercise training program before lung
resection surgery. Can. Respir. J. 20 (2), e10-el16. https://doi.org/10.1155/2013/
291059.

de Klerk, M., van Dalen, D.H., Nahar-van Venrooij, L.M.W., Meijerink, W.J.H.J.,
Verdaasdonk, E.G.G., 2021. A multimodal prehabilitation program in high-risk
patients undergoing elective resection for colorectal cancer: A retrospective cohort
study. Eur. J. Surg. Oncol. 47 (11), 2849-2856. https://doi.org/10.1016/j.
€js0.2021.05.033.

Diaz-Feijoo, B., Agusti-Garcia, N., Sebio, R., Lopez-Hernandez, A., Sis6, M., Glickman, A.,
Carreras-Dieguez, N., Fuste, P., Marina, T., Martinez-Egea, J., Aguilera, L.,
Perdomo, J., Pelaez, A., Lopez-Baamonde, M., Navarro-Ripoll, R., Gimeno, E.,
Campero, B., Torné, A., Martinez-Palli, G., Arguis, M.J., 2022. Feasibility of a
Multimodal Prehabilitation Programme in Patients Undergoing Cytoreductive
Surgery for Advanced Ovarian Cancer: A Pilot Study. Cancers (Basel) 14 (7). https://
doi.org/10.3390/cancers14071635.

Dronkers, J.J., Lamberts, H., Reutelingsperger, I.M., Naber, R.H., Dronkers-Landman, C.
M., Veldman, A., van Meeteren, N.L., 2010. Preoperative therapeutic programme for
elderly patients scheduled for elective abdominal oncological surgery: a randomized
controlled pilot study. Clin. Rehabil. 24 (7), 614-622. https://doi.org/10.1177/
0269215509358941.

Dunne, D.F., Jack, S., Jones, R.P., Jones, L., Lythgoe, D.T., Malik, H.Z., Poston, G.J.,
Palmer, D.H., Fenwick, S.W., 2016. Randomized clinical trial of prehabilitation
before planned liver resection. Br. J. Surg. 103 (5), 504-512. https://doi.org/
10.1002/bjs.10096.

Falz, R., Bischoff, C., Thieme, R., Lassing, J., Mehdorn, M., Stelzner, S., Busse, M.,
Gockel, 1., 2022. Effects and duration of exercise-based prehabilitation in surgical
therapy of colon and rectal cancer: a systematic review and meta-analysis. J. Cancer
Res Clin. Oncol. 148 (9), 2187-2213. https://doi.org/10.1007/500432-022-04088-
Ww.

Fang, Y., Zhao, Q., Huang, D., Guan, S., Lv, J., 2013. Effects of Exercise Training on
Surgery Tolerability in Lung Cancer Patients with Impaired Pulmonary Function.
Life Sci. J. 10 (4).

Franssen, R.F.W., Janssen-Heijnen, M.L.G., Barberan-Garcia, A., Vogelaar, F.J., Van
Meeteren, N.L.U., Bongers, B.C., 2022. Moderate-intensity exercise training or high-
intensity interval training to improve aerobic fitness during exercise prehabilitation
in patients planned for elective abdominal cancer surgery? Eur. J. Surg. Oncol. 48
(1), 3-13. https://doi.org/10.1016/].€js0.2021.08.026.

Fulop, A., Lakatos, L., Susztak, N., Szijarto, A., Banky, B., 2021. The effect of trimodal
prehabilitation on the physical and psychological health of patients undergoing
colorectal surgery: a randomised clinical trial. Anaesthesia 76 (1), 82-90. https://
doi.org/10.1111/anae.15215.

Gao, K., Yu, P.M,, Su, J.H., He, C.Q., Liu, L.X., Zhou, Y.B., Pu, Q., Che, G.W., 2015.
Cardiopulmonary exercise testing screening and pre-operative pulmonary
rehabilitation reduce postoperative complications and improve fast-track recovery
after lung cancer surgery: A study for 342 cases. Thorac. Cancer 6 (4), 443-449.
https://doi.org/10.1111/1759-7714.12199.

Gillis, C., Li, C., Lee, L., Awasthi, R., Augustin, B., Gamsa, A., Liberman, A.S., Stein, B.,
Charlebois, P., Feldman, L.S., Carli, F., 2014. Prehabilitation versus rehabilitation: a
randomized control trial in patients undergoing colorectal resection for cancer.
Anesthesiology 121 (5), 937-947. https://doi.org/10.1097/
ALN.0000000000000393.

Goldsmith, I., Chesterfield-Thomas, G., Toghill, H., 2021. Pre-treatment optimization
with pulmonary rehabilitation in lung cancer: Making the inoperable patients
operable. EClinicalMedicine 31, 100663. https://doi.org/10.1016/j.
eclinm.2020.100663.

17

Critical Reviews in Oncology / Hematology 198 (2024) 104350

Halliday, L.J., Doganay, E., Wynter-Blyth, V., Osborn, H., Buckley, J., Moorthy, K., 2021.
Adherence to Pre-operative Exercise and the Response to Prehabilitation in
Oesophageal Cancer Patients. J. Gastrointest. Surg. 25 (4), 890-899. https://doi.
org/10.1007/s11605-020-04561-2.

Halliday, L.J., Doganay, E., Wynter-Blyth, V.A., Hanna, G.B., Moorthy, K., 2021. The
Impact of Prehabilitation on Post-operative Outcomes in Oesophageal Cancer
Surgery: a Propensity Score Matched Comparison. J. Gastrointest. Surg. 25 (11),
2733-2741. https://doi.org/10.1007/511605-020-04881-3.

Heiman, J., Onerup, A., Bock, D., Haglind, E., Olofsson Bagge, R., 2022. The effect of
nonsupervised physical activity before and after breast cancer surgery on quality of
life: Results from a randomized controlled trial (PhysSURG-B). Scand. J. Surg. 111
(4), 75-82. https://doi.org/10.1177/14574969221123389.

Heiman, J., Onerup, A., Wessman, C., Haglind, E., Olofsson Bagge, R., 2021. Recovery
after breast cancer surgery following recommended pre and postoperative physical
activity: (PhysSURG-B) randomized clinical trial. Br. J. Surg. 108 (1), 32-39. https://
doi.org/10.1093/bjs/znaa007.

Huang, G.H., Ismail, H., Murnane, A., Kim, P., Riedel, B., 2016. Structured exercise
program prior to major cancer surgery improves cardiopulmonary fitness: a
retrospective cohort study. Support Care Cancer 24 (5), 2277-2285. https://doi.org/
10.1007/500520-015-3028-7.

Huang, J., Lai, Y., Zhou, X., Li, S., Su, J., Yang, M., Che, G., 2017. Short-term high-
intensity rehabilitation in radically treated lung cancer: a three-armed randomized
controlled trial. J. Thorac. Dis. 9 (7), 1919-1929. https://doi.org/10.21037/
jtd.2017.06.15.

Huang, W.W., Zhu, W.Z., My, D.L., Ji, X.Q., Nie, X.L., Li, X.Y., Wang, D.X., Ma, D., 2018.
Perioperative Management May Improve Long-term Survival in Patients After Lung
Cancer Surgery: A Retrospective Cohort Study. Anesth. Analg. 126 (5), 1666-1674.
https://doi.org/10.1213/ANE.0000000000002886.

IARC. (2023). Cancer statistic. Retrieved 19, April 2023 from (https://gco.iarc.fr/tomorro
w/en/dataviz/isotype?years=2030&single_unit=500000&types=1).

Inoue, J., Ono, R., Makiura, D., Kashiwa-Motoyama, M., Miura, Y., Usami, M.,
Nakamura, T., Imanishi, T., Kuroda, D., 2013. Prevention of postoperative
pulmonary complications through intensive preoperative respiratory rehabilitation
in patients with esophageal cancer. Dis. Esophagus 26 (1), 68-74. https://doi.org/
10.1111/j.1442-2050.2012.01336.x.

Janssen, T.L., Steyerberg, E.W., Langenberg, J.C.M., de Lepper, C.C.H.A., Wielders, D.,
Seerden, T.C.J., de Lange, D.C., Wijsman, J.H., Ho, G.H., Gobardhan, P.D., van
Alphen, R., van der Laan, L., 2019. Multimodal prehabilitation to reduce the
incidence of delirium and other adverse events in elderly patients undergoing
elective major abdominal surgery: An uncontrolled before-and-after study. PLoS One
14 (6), €0218152. https://doi.org/10.1371/journal.pone.0218152.

Jensen, B.T., Jensen, J.B., Laustsen, S., Petersen, A.K., Spndergaard, I., Borre, M., 2014.
Multidisciplinary rehabilitation can impact on health-related quality of life outcome
in radical cystectomy: secondary reported outcome of a randomized controlled trial.
J. Multidiscip. Health 7, 301-311. https://doi.org/10.2147/JMDH.S62172.

Jensen, B.T., Jensen, J.B., Love-Retinger, N., Bowker, M., Retinger, C., Dalbagni, G.,
2019. Implementing a Multimodal Prehabilitation Program to Radical Cystectomy in
a Comprehensive Cancer Center: A Pilot Study to Assess Feasibility and Outcomes.
Urol. Nurs. 39 (6), 303-313. https://doi.org/10.7257/1053-816x.2019.39.6.303.

Jensen, B.T., Laustsen, S., Jensen, J.B., Borre, M., Petersen, A.K., 2016. Exercise-based
pre-habilitation is feasible and effective in radical cystectomy pathways-secondary
results from a randomized controlled trial. Support Care Cancer 24 (8), 3325-3331.
https://doi.org/10.1007/500520-016-3140-3.

Jensen, B.T., Petersen, A.K., Jensen, J.B., Laustsen, S., Borre, M., 2015. Efficacy of a
multiprofessional rehabilitation programme in radical cystectomy pathways: a
prospective randomized controlled trial. Scand. J. Urol. 49 (2), 133-141. https://doi.
0rg/10.3109/21681805.2014.967810.

Jones, L.W., Peddle, C.J., Eves, N.D., Haykowsky, M.J., Courneya, K.S., Mackey, J.R.,
Joy, A.A., Kumar, V., Winton, T.W., Reiman, T., 2007. Effects of presurgical exercise
training on cardiorespiratory fitness among patients undergoing thoracic surgery for
malignant lung lesions. Cancer 110 (3), 590-598. https://doi.org/10.1002/
cncr.22830.

Karlsson, E., Farahnak, P., Franzén, E., Nygren-Bonnier, M., Dronkers, J., van
Meeteren, N., Rydwik, E., 2019. Feasibility of preoperative supervised home-based
exercise in older adults undergoing colorectal cancer surgery - A randomized
controlled design. PLoS One 14 (7), e0219158. https://doi.org/10.1371/journal.
pone.0219158.

Kaye, D.R., Schafer, C., Thelen-Perry, S., Parker, C., Iglay-Reger, H., Daignault-
Newton, S., Qin, Y., Morgan, T.M., Weizer, A.Z., Kaffenberger, S.D., Herrel, L.A.,
Hafez, K.S., Lee, C.T., Skolarus, T.A., Englesbe, M.J., Montgomery, J.S., 2020. The
Feasibility and Impact of a Presurgical Exercise Intervention Program
(Prehabilitation) for Patients Undergoing Cystectomy for Bladder Cancer. Urology
145, 106-112. https://doi.org/10.1016/j.urology.2020.05.104.

Kitahata, Y., Hirono, S., Kawai, M., Okada, K.I., Miyazawa, M., Shimizu, A.,
Kobayashi, R., Ueno, M., Hayami, S., Shimokawa, T., Kouda, K., Tajima, F.,
Yamaue, H., 2018. Intensive perioperative rehabilitation improves surgical
outcomes after pancreaticoduodenectomy. Lange Arch. Surg. 403 (6), 711-718.
https://doi.org/10.1007/5s00423-018-1710-1.

Knoerl, R., Giobbie-Hurder, A., Sannes, T.S., Chagpar, A.B., Dillon, D., Dominici, L.S.,
Frank, E.S., Golshan, M., McTiernan, A., Rhei, E., Tolaney, S.M., Winer, E.P.,
Yung, R.L., Irwin, M.L., Ligibel, J.A., 2022. Exploring the impact of exercise and
mind-body prehabilitation interventions on physical and psychological outcomes in
women undergoing breast cancer surgery. Support Care Cancer 30 (3), 2027-2036.
https://doi.org/10.1007/s00520-021-06617-8.


https://doi.org/10.1001/jamasurg.2019.5474
https://doi.org/10.1002/bjs.7102
https://www.ncbi.nlm.nih.gov/pubmed/3920711
https://doi.org/10.1007/s00520-016-3379-8
https://doi.org/10.1093/icvts/ivw238
https://doi.org/10.1245/s10434-013-3394-7
https://doi.org/10.1002/bjs5.50110
https://doi.org/10.1155/2013/291059
https://doi.org/10.1155/2013/291059
https://doi.org/10.1016/j.ejso.2021.05.033
https://doi.org/10.1016/j.ejso.2021.05.033
https://doi.org/10.3390/cancers14071635
https://doi.org/10.3390/cancers14071635
https://doi.org/10.1177/0269215509358941
https://doi.org/10.1177/0269215509358941
https://doi.org/10.1002/bjs.10096
https://doi.org/10.1002/bjs.10096
https://doi.org/10.1007/s00432-022-04088-w
https://doi.org/10.1007/s00432-022-04088-w
http://refhub.elsevier.com/S1040-8428(24)00093-3/sbref31
http://refhub.elsevier.com/S1040-8428(24)00093-3/sbref31
http://refhub.elsevier.com/S1040-8428(24)00093-3/sbref31
https://doi.org/10.1016/j.ejso.2021.08.026
https://doi.org/10.1111/anae.15215
https://doi.org/10.1111/anae.15215
https://doi.org/10.1111/1759-7714.12199
https://doi.org/10.1097/ALN.0000000000000393
https://doi.org/10.1097/ALN.0000000000000393
https://doi.org/10.1016/j.eclinm.2020.100663
https://doi.org/10.1016/j.eclinm.2020.100663
https://doi.org/10.1007/s11605-020-04561-2
https://doi.org/10.1007/s11605-020-04561-2
https://doi.org/10.1007/s11605-020-04881-3
https://doi.org/10.1177/14574969221123389
https://doi.org/10.1093/bjs/znaa007
https://doi.org/10.1093/bjs/znaa007
https://doi.org/10.1007/s00520-015-3028-7
https://doi.org/10.1007/s00520-015-3028-7
https://doi.org/10.21037/jtd.2017.06.15
https://doi.org/10.21037/jtd.2017.06.15
https://doi.org/10.1213/ANE.0000000000002886
https://gco.iarc.fr/tomorrow/en/dataviz/isotype?years=2030&amp;single_unit=500000&amp;types=1
https://gco.iarc.fr/tomorrow/en/dataviz/isotype?years=2030&amp;single_unit=500000&amp;types=1
https://doi.org/10.1111/j.1442-2050.2012.01336.x
https://doi.org/10.1111/j.1442-2050.2012.01336.x
https://doi.org/10.1371/journal.pone.0218152
https://doi.org/10.2147/JMDH.S62172
https://doi.org/10.7257/1053-816x.2019.39.6.303
https://doi.org/10.1007/s00520-016-3140-3
https://doi.org/10.3109/21681805.2014.967810
https://doi.org/10.3109/21681805.2014.967810
https://doi.org/10.1002/cncr.22830
https://doi.org/10.1002/cncr.22830
https://doi.org/10.1371/journal.pone.0219158
https://doi.org/10.1371/journal.pone.0219158
https://doi.org/10.1016/j.urology.2020.05.104
https://doi.org/10.1007/s00423-018-1710-1
https://doi.org/10.1007/s00520-021-06617-8

N. Del Bianco et al.

Lai, Y., Huang, J., Yang, M., Su, J., Liu, J., Che, G., 2017. Seven-day intensive
preoperative rehabilitation for elderly patients with lung cancer: a randomized
controlled trial. J. Surg. Res 209, 30-36. https://doi.org/10.1016/].js5.2016.09.033.

Lai, Y., Su, J., Qiu, P., Wang, M., Zhou, K., Tang, Y., Che, G., 2017. Systematic short-term
pulmonary rehabilitation before lung cancer lobectomy: a randomized trial. Inter.
Cardiovasc Thorac. Surg. 25 (3), 476-483. https://doi.org/10.1093/icvts/ivx141.

Lee, S.-H., Lee, N.-R., Kim, J.-W., Lee, M., Seong, S.-J., Song, J.-Y., Kim, Y.-S., 2020.
Feasibility and Acceptability of Prehabilitation before Surgery for Endometrial
Cancer. Korean J. Sports Med. 38 (2), 85-94. https://doi.org/10.5763/
kjsm.2020.38.2.85.

Li, C., Carli, F., Lee, L., Charlebois, P., Stein, B., Liberman, A.S., Kaneva, P., Augustin, B.,
Wongyingsinn, M., Gamsa, A., Kim, D.J., Vassiliou, M.C., Feldman, L.S., 2013.
Impact of a trimodal prehabilitation program on functional recovery after colorectal
cancer surgery: a pilot study. Surg. Endosc. 27 (4), 1072-1082. https://doi.org/
10.1007/500464-012-2560-5.

Licker, M., Karenovics, W., Diaper, J., Frésard, L., Triponez, F., Ellenberger, C.,
Schorer, R., Kayser, B., Bridevaux, P.O., 2017. Short-Term Preoperative High-
Intensity Interval Training in Patients Awaiting Lung Cancer Surgery: A Randomized
Controlled Trial. J. Thorac. Oncol. 12 (2), 323-333. https://doi.org/10.1016/j.
jtho.2016.09.125.

Ligibel, J.A., Dillon, D., Giobbie-Hurder, A., McTiernan, A., Frank, E., Cornwell, M.,
Pun, M., Campbell, N., Dowling, R.J.O., Chang, M.C., Tolaney, S., Chagpar, A.B.,
Yung, R.L., Freedman, R.A., Dominici, L.S., Golshan, M., Rhei, E., Taneja, K.,
Huang, Y., Irwin, M.L., 2019. Impact of a Pre-Operative Exercise Intervention on
Breast Cancer Proliferation and Gene Expression: Results from the Pre-Operative
Health and Body (PreHAB) Study. Clin. Cancer Res 25 (17), 5398-5406. https://doi.
org/10.1158/1078-0432.CCR-18-3143.

Lin, H.S., Watts, J.N., Peel, N.M., Hubbard, R.E., 2016. Frailty and post-operative
outcomes in older surgical patients: a systematic review. BMC Geriatr. 16 (1), 157.
https://doi.org/10.1186/512877-016-0329-8.

Loughney, L., West, M.A., Dimitrov, B.D., Kemp, G.J., Grocott, M.P., Jack, S., 2017.
Physical activity levels in locally advanced rectal cancer patients following
neoadjuvant chemoradiotherapy and an exercise training programme before
surgery: a pilot study. Perioper. Med (Lond. ) 6, 3. https://doi.org/10.1186/513741-
017-0058-3.

Loughney, L., West, M.A., Kemp, G.J., Grocott, M.P., Jack, S., 2016. Exercise intervention
in people with cancer undergoing neoadjuvant cancer treatment and surgery: A
systematic review. Eur. J. Surg. Oncol. 42 (1), 28-38. https://doi.org/10.1016/].
€js0.2015.09.027.

Marhic, A., Dakhil, B., Plantefeve, G., Zaimi, R., Oltean, V., Bagan, P., 2019. Long-term
survival following lung surgery for cancer in high-risk patients after perioperative
pulmonary rehabilitation. Inter. Cardiovasc Thorac. Surg. 28 (2), 235-239. https://
doi.org/10.1093/icvts/ivy225.

Mazzola, M., Bertoglio, C., Boniardi, M., Magistro, C., De Martini, P., Carnevali, P.,
Morini, L., Ferrari, G., 2017. Frailty in major oncologic surgery of upper
gastrointestinal tract: How to improve postoperative outcomes. Eur. J. Surg. Oncol.
43 (8), 1566-1571. https://doi.org/10.1016/j.€js0.2017.06.006.

Minnella, E.M., Awasthi, R., Bousquet-Dion, G., Ferreira, V., Austin, B., Audi, C.,
Tanguay, S., Aprikian, A., Carli, F., Kassouf, W., 2021. Multimodal Prehabilitation to
Enhance Functional Capacity Following Radical Cystectomy: A Randomized
Controlled Trial. Eur. Urol. Focus 7 (1), 132-138. https://doi.org/10.1016/j.
euf.2019.05.016.

Minnella, E.M., Awasthi, R., Loiselle, S.E., Agnihotram, R.V., Ferri, L.E., Carli, F., 2018.
Effect of Exercise and Nutrition Prehabilitation on Functional Capacity in
Esophagogastric Cancer Surgery: A Randomized Clinical Trial. JAMA Surg. 153 (12),
1081-1089. https://doi.org/10.1001/jamasurg.2018.1645.

Morano, M.T., Aratjo, A.S., Nascimento, F.B., da Silva, G.F., Mesquita, R., Pinto, J.S., de
Moraes Filho, M.O., Pereira, E.D., 2013. Preoperative pulmonary rehabilitation
versus chest physical therapy in patients undergoing lung cancer resection: a pilot
randomized controlled trial. Arch. Phys. Med Rehabil. 94 (1), 53-58. https://doi.
org/10.1016/j.apmr.2012.08.206.

Morielli, A.R., Usmani, N., Boulé, N.G., Severin, D., Tankel, K., Joseph, K., Nijjar, T.,
Fairchild, A., Courneya, K.S., 2021. Feasibility, Safety, and Preliminary Efficacy of
Exercise During and After Neoadjuvant Rectal Cancer Treatment: A Phase II
Randomized Controlled Trial. Clin. Colorectal Cancer 20 (3), 216-226. https://doi.
org/10.1016/j.clcc.2021.05.004.

Morielli, A.R., Usmani, N., Boulé, N.G., Tankel, K., Severin, D., Nijjar, T., Joseph, K.,
Courneya, K.S., 2016. A Phase I Study Examining the Feasibility and Safety of an
Aerobic Exercise Intervention in Patients With Rectal Cancer During and After
Neoadjuvant Chemoradiotherapy. Oncol. Nurs. Forum 43 (3), 352-362. https://doi.
org/10.1188/16.0NF.352-362.

Morley, J.E., Vellas, B., van Kan, G.A., Anker, S.D., Bauer, J.M., Bernabei, R., Cesari, M.,
Chumlea, W.C., Doehner, W., Evans, J., Fried, L.P., Guralnik, J.M., Katz, P.R.,
Malmstrom, T.K., McCarter, R.J., Gutierrez Robledo, L.M., Rockwood, K., von
Haehling, S., Vandewoude, M.F., Walston, J., 2013. Frailty consensus: a call to
action. J. Am. Med Dir. Assoc. 14 (6), 392-397. https://doi.org/10.1016/].
jamda.2013.03.022.

Moug, S.J., Barry, S.J.E., Maguire, S., Johns, N., Dolan, D., Steele, R.J.C., Buchan, C.,
Mackay, G., Anderson, A.S., Mutrie, N., 2020. Does prehabilitation modify muscle
mass in patients with rectal cancer undergoing neoadjuvant therapy? A subanalysis
from the REx randomised controlled trial. Tech. Coloproctol. 24 (9), 959-964.
https://doi.org/10.1007/510151-020-02262-1.

Moug, S.J., Mutrie, N., Barry, S.J.E., Mackay, G., Steele, R.J.C., Boachie, C., Buchan, C.,
Anderson, A.S., 2019. Prehabilitation is feasible in patients with rectal cancer
undergoing neoadjuvant chemoradiotherapy and may minimize physical

18

Critical Reviews in Oncology / Hematology 198 (2024) 104350

deterioration: results from the REx trial. Colorectal Dis. 21 (5), 548-562. https://doi.
org/10.1111/codi.14560.

Nakajima, H., Yokoyama, Y., Inoue, T., Nagaya, M., Mizuno, Y., Kadono, I.,

Nishiwaki, K., Nishida, Y., Nagino, M., 2019. Clinical Benefit of Preoperative
Exercise and Nutritional Therapy for Patients Undergoing Hepato-Pancreato-Biliary
Surgeries for Malignancy. Ann. Surg. Oncol. 26 (1), 264-272. https://doi.org/
10.1245/510434-018-6943-2.

Ngo-Huang, A., Parker, N.H., Bruera, E., Lee, R.E., Simpson, R., O’Connor, D.P.,
Petzel, M.Q.B., Fontillas, R.C., Schadler, K., Xiao, L., Wang, X., Fogelman, D.,
Sahai, S.K., Lee, J.E., Basen-Engquist, K., Katz, M.H.G., 2019. Home-Based Exercise
Prehabilitation During Preoperative Treatment for Pancreatic Cancer Is Associated
With Improvement in Physical Function and Quality of Life, 1534735419894061
Integr. Cancer Ther. 18. https://doi.org/10.1177/1534735419894061.

Northgraves, M.J., Arunachalam, L., Madden, L.A., Marshall, P., Hartley, J.E., MacFie, J.,
Vince, R.V., 2020. Feasibility of a novel exercise prehabilitation programme in
patients scheduled for elective colorectal surgery: a feasibility randomised controlled
trial. Support Care Cancer 28 (7), 3197-3206. https://doi.org/10.1007/500520-019-
05098-0.

Onerup, A., Andersson, J., Angenete, E., Bock, D., Borjesson, M., Ehrencrona, C., Fagevik
Olsén, M., Larsson, P.A., de la Croix, H., Wedin, A., Haglind, E., 2022. Effect of Short-
term Homebased Pre- and Postoperative Exercise on Recovery After Colorectal
Cancer Surgery (PHYSSURG-C): A Randomized Clinical Trial. Ann. Surg. 275 (3),
448-455. https://doi.org/10.1097/SLA.0000000000004901.

Page, M.J., McKenzie, J.E., Bossuyt, P.M., Boutron, I., Hoffmann, T.C., Mulrow, C.D.,
Shamseer, L., Tetzlaff, J.M., Akl, E.A., Brennan, S.E., Chou, R., Glanville, J.,
Grimshaw, J.M., Hrobjartsson, A., Lalu, M.M., Li, T., Loder, E.W., Mayo-Wilson, E.,
McDonald, S., Moher, D., 2021. The PRISMA 2020 statement: an updated guideline
for reporting systematic reviews. BMJ 372, n71. https://doi.org/10.1136/bmj.n71.

Palma, S., Hasenoehrl, T., Jordakieva, G., Ramazanova, D., Crevenna, R., 2021. High-
intensity interval training in the prehabilitation of cancer patients-a systematic
review and meta-analysis. Support Care Cancer 29 (4), 1781-1794. https://doi.org/
10.1007/500520-020-05834-x.

Panayi, A.C., Orkaby, A.R., Sakthivel, D., Endo, Y., Varon, D., Roh, D., Orgill, D.P.,
Neppl, R.L., Javedan, H., Bhasin, S., Sinha, 1., 2019. Impact of frailty on outcomes in
surgical patients: A systematic review and meta-analysis. Am. J. Surg. 218 (2),
393-400. https://doi.org/10.1016/j.amjsurg.2018.11.020.

Peddle, C.J., Jones, L.W., Eves, N.D., Reiman, T., Sellar, C.M., Winton, T., Courneya, K.S.,
2009. Effects of presurgical exercise training on quality of life in patients undergoing
lung resection for suspected malignancy: a pilot study. Cancer Nurs. 32 (2),
158-165. https://doi.org/10.1097/NCC.0b013e3181982cal.

Pehlivan, E., Turna, A., Gurses, A., Gurses, H.N., 2011. The effects of preoperative short-
term intense physical therapy in lung cancer patients: a randomized controlled trial.
Ann. Thorac. Cardiovasc Surg. 17 (5), 461-468. https://doi.org/10.5761/atcs.
0a.11.01663.

Perrotta, F., Cennamo, A., Cerqua, F.S., Stefanelli, F., Bianco, A., Musella, S., Rispoli, M.,
Salvi, R., Meoli, I., 2019. Effects of a high-intensity pulmonary rehabilitation
program on the minute ventilation/carbon dioxide output slope during exercise in a
cohort of patients with COPD undergoing lung resection for non-small cell lung
cancer. J. Bras. Pneumol. 45 (6), €20180132 https://doi.org/10.1590/1806-3713/
€20180132.

Piraux, E., Caty, G., Reychler, G., Forget, P., Deswysen, Y., 2020. Feasibility and
Preliminary Effectiveness of a Tele-Prehabilitation Program in Esophagogastric
Cancer Patients. J. Clin. Med 9 (7). https://doi.org/10.3390/jcm9072176.

Popay, J., Roberts, H.M., Sowden, A.J., Petticrew, M., Arai, L., Rodgers, M., Britten, N.,
2006. Guidance on the conduct of narrative synthesis in systematic Reviews. A
Product from the ESRC Methods Programme. Version 1.

Rispoli, M., Salvi, R., Cennamo, A., Di Natale, D., Natale, G., Meoli, 1., Gioia, M.R.,
Esposito, M., Nespoli, M.R., De Finis, M., Buono, S., Corcione, A., Lavoretano, S.,
Bianco, A., Fiorelli, A., Curcio, C., Perrotta, F., 2020. Effectiveness of home-based
preoperative pulmonary rehabilitation in COPD patients undergoing lung cancer
resection, 300891619900808 Tumori. https://doi.org/10.1177/
0300891619900808.

Saito, H., Hatakeyama, K., Konno, H., Matsunaga, T., Shimada, Y., Minamiya, Y., 2017.
Impact of pulmonary rehabilitation on postoperative complications in patients with
lung cancer and chronic obstructive pulmonary disease. Thorac. Cancer 8 (5),
451-460. https://doi.org/10.1111/1759-7714.12466.

Santa Mina, D., Hilton, W.J., Matthew, A.G., Awasthi, R., Bousquet-Dion, G., Alibhai, S.
M.H,, Au, D., Fleshner, N.E., Finelli, A., Clarke, H., Aprikian, A., Tanguay, S.,
Carli, F., 2018. Prehabilitation for radical prostatectomy: A multicentre randomized
controlled trial. Surg. Oncol. 27 (2), 289-298. https://doi.org/10.1016/j.
suronc.2018.05.010.

Sebio Garcia, R., Yanez-Brage, M.1., Giménez Moolhuyzen, E., Salorio Riobo, M., Lista
Paz, A., Borro Mate, J.M., 2017. Preoperative exercise training prevents functional
decline after lung resection surgery: a randomized, single-blind controlled trial. Clin.
Rehabil. 31 (8), 1057-1067. https://doi.org/10.1177/0269215516684179.

Sekine, Y., Chiyo, M., Iwata, T., Yasufuku, K., Furukawa, S., Amada, Y., Iyoda, A.,
Shibuya, K., lizasa, T., Fujisawa, T., 2005. Perioperative rehabilitation and
physiotherapy for lung cancer patients with chronic obstructive pulmonary disease.
Jpn J. Thorac. Cardiovasc Surg. 53 (5), 237-243. https://doi.org/10.1007/s11748-
005-0032-8.

Seo, H.J.,, Kim, S.Y., Lee, Y.J., Park, J.E., 2023. RoBANS 2: A Revised Risk of Bias
Assessment Tool for Nonrandomized Studies of Interventions. Korean J. Fam. Med
44 (5), 249-260. https://doi.org/10.4082/kjfm.23.0034.

Sibley, D., Chen, M., West, M.A., Matthew, A.G., Santa Mina, D., Randall, L., 2023.
Potential mechanisms of multimodal prehabilitation effects on surgical


https://doi.org/10.1016/j.jss.2016.09.033
https://doi.org/10.1093/icvts/ivx141
https://doi.org/10.5763/kjsm.2020.38.2.85
https://doi.org/10.5763/kjsm.2020.38.2.85
https://doi.org/10.1007/s00464-012-2560-5
https://doi.org/10.1007/s00464-012-2560-5
https://doi.org/10.1016/j.jtho.2016.09.125
https://doi.org/10.1016/j.jtho.2016.09.125
https://doi.org/10.1158/1078-0432.CCR-18-3143
https://doi.org/10.1158/1078-0432.CCR-18-3143
https://doi.org/10.1186/s12877-016-0329-8
https://doi.org/10.1186/s13741-017-0058-3
https://doi.org/10.1186/s13741-017-0058-3
https://doi.org/10.1016/j.ejso.2015.09.027
https://doi.org/10.1016/j.ejso.2015.09.027
https://doi.org/10.1093/icvts/ivy225
https://doi.org/10.1093/icvts/ivy225
https://doi.org/10.1016/j.ejso.2017.06.006
https://doi.org/10.1016/j.euf.2019.05.016
https://doi.org/10.1016/j.euf.2019.05.016
https://doi.org/10.1001/jamasurg.2018.1645
https://doi.org/10.1016/j.apmr.2012.08.206
https://doi.org/10.1016/j.apmr.2012.08.206
https://doi.org/10.1016/j.clcc.2021.05.004
https://doi.org/10.1016/j.clcc.2021.05.004
https://doi.org/10.1188/16.ONF.352-362
https://doi.org/10.1188/16.ONF.352-362
https://doi.org/10.1016/j.jamda.2013.03.022
https://doi.org/10.1016/j.jamda.2013.03.022
https://doi.org/10.1007/s10151-020-02262-1
https://doi.org/10.1111/codi.14560
https://doi.org/10.1111/codi.14560
https://doi.org/10.1245/s10434-018-6943-2
https://doi.org/10.1245/s10434-018-6943-2
https://doi.org/10.1177/1534735419894061
https://doi.org/10.1007/s00520-019-05098-0
https://doi.org/10.1007/s00520-019-05098-0
https://doi.org/10.1097/SLA.0000000000004901
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1007/s00520-020-05834-x
https://doi.org/10.1007/s00520-020-05834-x
https://doi.org/10.1016/j.amjsurg.2018.11.020
https://doi.org/10.1097/NCC.0b013e3181982ca1
https://doi.org/10.5761/atcs.oa.11.01663
https://doi.org/10.5761/atcs.oa.11.01663
https://doi.org/10.1590/1806-3713/e20180132
https://doi.org/10.1590/1806-3713/e20180132
https://doi.org/10.3390/jcm9072176
http://refhub.elsevier.com/S1040-8428(24)00093-3/sbref85
http://refhub.elsevier.com/S1040-8428(24)00093-3/sbref85
http://refhub.elsevier.com/S1040-8428(24)00093-3/sbref85
https://doi.org/10.1177/0300891619900808
https://doi.org/10.1177/0300891619900808
https://doi.org/10.1111/1759-7714.12466
https://doi.org/10.1016/j.suronc.2018.05.010
https://doi.org/10.1016/j.suronc.2018.05.010
https://doi.org/10.1177/0269215516684179
https://doi.org/10.1007/s11748-005-0032-8
https://doi.org/10.1007/s11748-005-0032-8
https://doi.org/10.4082/kjfm.23.0034

N. Del Bianco et al.

complications: a narrative review. Appl. Physiol. Nutr. Metab. 48 (9), 639-656.
https://doi.org/10.1139/apnm-2022-0272.

Singh, F., Newton, R.U., Baker, M.K., Spry, N.A., Taaffe, D.R., Galvao, D.A., 2017.
Feasibility and Efficacy of Presurgical Exercise in Survivors of Rectal Cancer
Scheduled to Receive Curative Resection. Clin. Colorectal Cancer 16 (4), 358-365.
https://doi.org/10.1016/j.clcc.2017.03.010.

Singh, F., Newton, R.U., Baker, M.K., Spry, N.A., Taaffe, D.R., Thavaseelan, J., Galvao, D.
A., 2017. Feasibility of Presurgical Exercise in Men With Prostate Cancer Undergoing
Prostatectomy. Integr. Cancer Ther. 16 (3), 290-299. https://doi.org/10.1177/
1534735416666373.

Society, E. The ERAS Guidelines. Retrieved 19, April 2023 from (https://erassociety.org/
guidelines/).

Stefanelli, F., Meoli, I., Cobuccio, R., Curcio, C., Amore, D., Casazza, D., Tracey, M.,
Rocco, G., 2013. High-intensity training and cardiopulmonary exercise testing in
patients with chronic obstructive pulmonary disease and non-small-cell lung cancer
undergoing lobectomy. Eur. J. Cardiothorac. Surg. 44 (4), e260-e265. https://doi.
org/10.1093/ejcts/ezt375.

Steffens, D., Ismail, H., Denehy, L., Beckenkamp, P.R., Solomon, M., Koh, C., Bartyn, J.,
Pillinger, N., 2021. Preoperative Cardiopulmonary Exercise Test Associated with
Postoperative Outcomes in Patients Undergoing Cancer Surgery: A Systematic
Review and Meta-Analyses. Ann. Surg. Oncol. 28 (12), 7120-7146. https://doi.org/
10.1245/510434-021-10251-3.

Sterne, J.A.C., Savovic, J., Page, M.J., Elbers, R.G., Blencowe, N.S., Boutron, 1., Cates, C.
J., Cheng, H.Y., Corbett, M.S., Eldridge, S.M., Emberson, J.R., Hernan, M.A.,
Hopewell, S., Hrobjartsson, A., Junqueira, D.R., Juni, P., Kirkham, J.J., Lasserson, T.,
Li, T., Higgins, J.P.T., 2019. RoB 2: a revised tool for assessing risk of bias in
randomised trials. BMJ 366, 14898. https://doi.org/10.1136,/bmj.14898.

Suen, M., Liew, A., Turner, J.D., Khatri, S., Lin, Y., Raso, K.L., Vardy, J.L., 2022. Short-
term multimodal prehabilitation improves functional capacity for colorectal cancer
patients prior to surgery. Asia Pac. J. Clin. Oncol. 18 (2), e103-e110. https://doi.
org/10.1111/ajco.13564.

Sullivan, R., Alatise, O.I., Anderson, B.O., Audisio, R., Autier, P., Aggarwal, A., Balch, C.,
Brennan, M.F., Dare, A., D'Cruz, A., Eggermont, A.M., Fleming, K., Gueye, S.M.,
Hagander, L., Herrera, C.A., Holmer, H., Ilbawi, A.M., Jarnheimer, A., Ji, J.F.,
Purushotham, A., 2015. Global cancer surgery: delivering safe, affordable, and
timely cancer surgery. Lancet Oncol. 16 (11), 1193-1224. https://doi.org/10.1016/
S$1470-2045(15)00223-5.

Toohey, K., Hunter, M., McKinnon, K., Casey, T., Turner, M., Taylor, S., Paterson, C.,
2023. A systematic review of multimodal prehabilitation in breast cancer. Breast
Cancer Res Treat. 197 (1), 1-37. https://doi.org/10.1007/510549-022-06759-1.

Valkenet, K., Trappenburg, J.C., Schippers, C.C., Wanders, L., Lemmens, L., Backx, F.J.,
van Hillegersberg, R., 2016. Feasibility of Exercise Training in Cancer Patients
Scheduled for Elective Gastrointestinal Surgery. Dig. Surg. 33 (5), 439-447. https://
doi.org/10.1159/000445958.

van Rooijen, S.J., Molenaar, C.J.L., Schep, G., van Lieshout, R.H.M.A., Beijer, S.,
Dubbers, R., Rademakers, N., Papen-Botterhuis, N.E., van Kempen, S., Carli, F.,
Roumen, R.M.H., Slooter, G.D., 2019. Making Patients Fit for Surgery: Introducing a
Four Pillar Multimodal Prehabilitation Program in Colorectal Cancer. Am. J. Phys.
Med Rehabil. 98 (10), 888-896. https://doi.org/10.1097/
PHM.0000000000001221.

van Vugt, J.L., Levolger, S., Coelen, R.J., de Bruin, R.W., IJzermans, J.N., 2015. The
impact of sarcopenia on survival and complications in surgical oncology: A review of
the current literature. J. Surg. Oncol. 112 (6), 681-682. https://doi.org/10.1002/
j$0.24064.

Wang, X., Chen, R., Ge, L., Gu, Y., Zhang, L., Wang, L., Zhuang, C., Wu, Q., 2023. Effect of
short-term prehabilitation of older patients with colorectal cancer: A propensity
score-matched analysis. Front Oncol. 13, 1076835 https://doi.org/10.3389/
fonc.2023.1076835.

West, M.A., Loughney, L., Barben, C.P., Sripadam, R., Kemp, G.J., Grocott, M.P., Jack, S.,
2014. The effects of neoadjuvant chemoradiotherapy on physical fitness and
morbidity in rectal cancer surgery patients. Eur. J. Surg. Oncol. 40 (11), 1421-1428.
https://doi.org/10.1016/j.ejs0.2014.03.021.

19

Critical Reviews in Oncology / Hematology 198 (2024) 104350

West, M.A., Loughney, L., Lythgoe, D., Barben, C.P., Sripadam, R., Kemp, G.J.,
Grocott, M.P., Jack, S., 2015. Effect of prehabilitation on objectively measured
physical fitness after neoadjuvant treatment in preoperative rectal cancer patients: a
blinded interventional pilot study. Br. J. Anaesth. 114 (2), 244-251. https://doi.org/
10.1093/bja/aeu318.

Yamana, 1., Takeno, S., Hashimoto, T., Maki, K., Shibata, R., Shiwaku, H., Shimaoka, H.,
Shiota, E., Yamashita, Y., 2015. Randomized Controlled Study to Evaluate the
Efficacy of a Preoperative Respiratory Rehabilitation Program to Prevent
Postoperative Pulmonary Complications after Esophagectomy. Dig. Surg. 32 (5),
331-337. https://doi.org/10.1159/000434758.

Zhou, K., Su, J., Lai, Y., Li, P., Li, S., Che, G., 2017. Short-term inpatient-based high-
intensive pulmonary rehabilitation for lung cancer patients: is it feasible and
effective? J. Thorac. Dis. 9 (11), 4486-4493. https://doi.org/10.21037/
jtd.2017.10.105.

Nicole Del Bianco, MSc in Adapted Physical Activity, with experience and expertise in
exercise oncology.

Anita Borsati, MSc in Adapted Physical Activity, and Ph.D. student in Biomedical, Clinical,
and Experimental Medicine at the University of Verona. Her Ph.D. is focused on studying
the effect of exercise on the oncological population.

Linda Toniolo, MSc in Adapted Physical Activity, and scholarship holder at the Depart-
ment of Neuroscience, Biomedicine and Movement Science at the University of Verona.

Christian Ciurnielli, MSc in Adapted Physical Activity, and scholarship holder at the
Department of Neuroscience, Biomedicine and Movement Science at the University of
Verona.

Lorenzo Belluomini, MD in Medical Oncology and Ph.D. student in Inflammation and
Cancer at the University of Verona. His research interests are focused on lung cancer and
lifestyle in the oncological population.

Jessica Insolda, MSc in Biology and Data manager at the Oncology Unity at the Verona
University Hospital.

Marco Sposito, MD in Medical Oncology and Ph.D. student in Inflammation and Cancer at
the University of Verona. His research interests are focused on lung cancer and lifestyle in
the oncological population.

Michele Milella, MD, Full Professor in Medical Oncology and Director of the Oncology Unit
at the Verona Hospital.

Federico Schena, MD, PH.D., Full Professor in Sport Science at the Department of
Neuroscience, Biomedicine and Movement Science at the University of Verona.

Sara Pilotto, MD, Ph.D., Associate Professor in Medical Oncology at the Department of
Engineering for Innovation Medicine at the University of Verona. Her main research in-
terests are focused on the study of clinical and translational aspects of lung cancer and on
the lifestyle in the oncological population.

Alice Avancini, Ph.D., and research fellow at the Department of Engineering for Innovation
Medicine at the University of Verona. Her main research interests are focused on the study
of physical exercise in the oncological setting.


https://doi.org/10.1139/apnm-2022-0272
https://doi.org/10.1016/j.clcc.2017.03.010
https://doi.org/10.1177/1534735416666373
https://doi.org/10.1177/1534735416666373
https://erassociety.org/guidelines/
https://erassociety.org/guidelines/
https://doi.org/10.1093/ejcts/ezt375
https://doi.org/10.1093/ejcts/ezt375
https://doi.org/10.1245/s10434-021-10251-3
https://doi.org/10.1245/s10434-021-10251-3
https://doi.org/10.1136/bmj.l4898
https://doi.org/10.1111/ajco.13564
https://doi.org/10.1111/ajco.13564
https://doi.org/10.1016/S1470-2045(15)00223-5
https://doi.org/10.1016/S1470-2045(15)00223-5
https://doi.org/10.1007/s10549-022-06759-1
https://doi.org/10.1159/000445958
https://doi.org/10.1159/000445958
https://doi.org/10.1097/PHM.0000000000001221
https://doi.org/10.1097/PHM.0000000000001221
https://doi.org/10.1002/jso.24064
https://doi.org/10.1002/jso.24064
https://doi.org/10.3389/fonc.2023.1076835
https://doi.org/10.3389/fonc.2023.1076835
https://doi.org/10.1016/j.ejso.2014.03.021
https://doi.org/10.1093/bja/aeu318
https://doi.org/10.1093/bja/aeu318
https://doi.org/10.1159/000434758
https://doi.org/10.21037/jtd.2017.10.105
https://doi.org/10.21037/jtd.2017.10.105

	What is the role of physical exercise in the era of cancer prehabilitation? A systematic review
	1 Introduction
	2 Methods
	2.1 Study selection, data extraction, risk of bias, and data syntesis

	3 Results
	3.1 Gynecologic cancers
	3.2 Breast cancer
	3.3 Urological cancers
	3.4 Gastrointestinal cancers
	3.5 Lung cancer

	4 Future directions and new opportunities
	Funding
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Acknowledgement
	Appendix A Supporting information
	References


