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A B S T R A C T

Background

Surgery is the cornerstone in curative treatment of colorectal cancer. Unfortunately, surgery itself can adversely aJect patient health.
'Enhanced Recovery AKer Surgery' programmes, which include multimodal interventions, have improved patient outcomes substantially.
However, these are mainly applied peri- and postoperatively. Multimodal prehabilitation includes multiple preoperative interventions to
prepare patients for surgery with the aim of increasing resilience, thereby improving postoperative outcomes.

Objectives

To determine the eJects of multimodal prehabilitation programmes on functional capacity, postoperative complications, and quality of
life in adult patients undergoing surgery for colorectal cancer.

Search methods

We searched CENTRAL, MEDLINE, Embase and PsycINFO in January 2021. We also searched trial registries up to March 2021.

Selection criteria

We included randomised controlled trials (RCTs) in adult patients with non-metastatic colorectal cancer, scheduled for surgery, comparing
multimodal prehabilitation programmes (defined as comprising at least two preoperative interventions) with no prehabilitation. We
focused on the following outcomes: functional capacity (i.e. 6-minute walk test, VO2peak, handgrip strength), postoperative outcomes (i.e.

complications, mortality, length of hospital stay, emergency department visits, re-admissions), health-related quality of life, compliance,
safety of prehabilitation, and return to normal activities.

Data collection and analysis

Two authors independently selected studies, extracted data, assessed risk of bias and used GRADE to assess the certainty of the evidence.
Any disagreements were solved with discussion and consensus. We pooled data to perform meta-analyses, where possible.

Main results

We included three RCTs that enrolled 250 participants with non-metastatic colorectal cancer, scheduled for elective (mainly laparoscopic)
surgery. Included trials were conducted in tertiary care centres and recruited patients during periods ranging from 17 months to 45 months.
A total of 130 participants enrolled in a preoperative four-week trimodal prehabilitation programme consisting of exercise, nutritional
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intervention, and anxiety reduction techniques. Outcomes of these participants were compared to those of 120 participants who started
an identical but postoperative programme.

Postoperatively, prehabilitation may improve functional capacity, determined with the 6-minute walk test at four and eight weeks (mean
diJerence (MD) 26.02, 95% confidence interval (CI) -13.81 to 65.85; 2 studies; n = 131; and MD 26.58, 95% CI -8.88 to 62.04; 2 studies; n =
140); however, the certainty of evidence is low and very low, respectively, due to serious risk of bias, imprecision, and inconsistency. AKer
prehabilitation, the functional capacity before surgery improved, with a clinically relevant mean diJerence of 24.91 metres (95% CI 11.24 to
38.57; 3 studies; n = 225). The certainty of evidence was moderate due to downgrading for serious risk of bias. The eJects of prehabilitation
on the number of complications (RR 0.95, 95% CI 0.70 to 1.29; 3 studies; n = 250), emergency department visits (RR 0.72, 95% CI 0.39 to
1.32; 3 studies; n = 250) and re-admissions (RR 1.20, 95% CI 0.54 to 2.65; 3 studies; n = 250) were small or even trivial. The certainty of
evidence was low due to downgrading for serious risk of bias and imprecision. The eJects on VO2peak, handgrip strength, length of hospital

stay, mortality rate, health-related quality of life, return to normal activities, safety of the programme, and compliance rate could not be
analysed quantitatively due to missing or insuJicient data. The included studies did not report a diJerence between groups for health-
related quality of life and length of hospital stay. Data on remaining outcomes were not reported or were reported inadequately in the
included studies.

Authors' conclusions

Prehabilitation may result in an improved functional capacity, determined with the 6-minute walk test both preoperatively and
postoperatively. A solid eJect on the number of complications, postoperative emergency department visits and re-admissions could not
be established. The certainty of evidence ranges from moderate to very low, due to downgrading for serious risk of bias, imprecision and
inconsistency. In addition, only three heterogeneous studies were included in this review. Therefore, the findings of this review should be
interpreted with caution. Numerous relevant RCTs are ongoing and will be included in a future update of this review.

P L A I N   L A N G U A G E   S U M M A R Y

Preparing a patient with bowel cancer for surgery with multiple interventions

Aim of this review

The aim of this review is to find out whether multiple interventions introduced in the period prior to surgery for bowel cancer could prepare
a patient by increasing the patient's overall fitness, and thus improve outcomes aKer surgery. Cochrane researchers collected and analysed
all available randomised controlled trials on this topic.

Key messages

Only three studies met the inclusion criteria for this review, information was not available for all outcomes and the overall certainty of
evidence was very low to moderate. More and larger studies are needed to gather evidence on this topic.

What was studied in the review?

Surgery is oKen given to cure patients diagnosed with early stage bowel cancer. Surgery has a negative impact on the overall fitness
of the patient. The energy level decreases, patients are more dependent in their daily living activities, and quality of life decreases.
Furthermore, complications may occur aKer surgery causing a further decrease of fitness. Preoperative interventions, such as exercise
programmes, nutritional advice and supplements, as well as mental support, may increase the fitness of the patient, prior to surgery. This
concept is called prehabilitation. The impact of surgery is diminished and consequently results in faster and better recovery. Combining
such preoperative interventions results in better preparation for surgery because each interventions may help to strengthen the eJects
of the others. The review authors aimed to study the eJect of such multiple-intervention preparation programmes before surgery for
patients with bowel cancer. The review authors focused on these outcomes: physical fitness, number of complications aKer surgery,
death rate, quality of life (assessed with questionnaires), length of stay in the hospital, number of emergency department visits, number
of re-admissions aKer surgery, safety of the programme and adherence to the programme. They compared groups with prehabilitation
programmes to groups not receiving any preparation prior to surgery, other than standard care.

Main results of this review

The review authors found three studies with 250 participants with bowel cancer, without metastases, scheduled for surgery. Studies were
conducted in Canada. A total of 130 participants followed four-week prehabilitation programmes prior to surgery, which included exercises,
nutritional advice and supplements, as well as techniques to reduce anxiety about their cancer and its treatment. Another 120 participants
followed identical programmes, but only started them aKer the surgery, when they were discharged from hospital.

Overall, the review authors did not find an improvement in either group of participants. The certainty of evidence was very low to moderate,
mainly because of the small numbers of studies and participants included in the review. Physical fitness potentially improves in patients
receiving prehabilitation programmes prior to surgery. The eJects of such a programme on the number of complications, emergency
department visits and re-admissions are small or even trivial. Because data on death rates, quality of life, length of stay in the hospital,
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safety of the programme and adherence to the programme was not complete or not reported, the review authors did not analyse these
outcomes. Due to the mostly low or very low certainty of the evidence, the findings of this review should be interpreted with caution.

How up-to-date is this review?

The review authors searched for studies that had been published up to January 2021 and also looked for unpublished, ongoing studies up
to March 2021. In a future update of this review, many ongoing studies will likely have been completed, which can be included to collect
more evidence on this subject.

Prehabilitation versus no prehabilitation to improve functional capacity, reduce postoperative complications and improve quality of life
in colorectal cancer surgery (Review)

Copyright © 2023 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

3



P
re

h
a
b
ilita

tio
n
 v

e
rsu

s n
o
 p

re
h
a
b
ilita

tio
n
 to

 im
p
ro

v
e
 fu

n
ctio

n
a
l ca

p
a
city, re

d
u
ce

 p
o
sto

p
e
ra

tiv
e
 co

m
p
lica

tio
n
s a

n
d
 im

p
ro

v
e
 q

u
a
lity

 o
f life

in
 co

lo
re

cta
l ca

n
ce

r su
rg

e
ry

 (R
e
v
ie

w
)

C
o
p
yrig

h
t ©
 2023 T

h
e C
o
ch
ra
n
e C
o
lla
b
o
ra
tio
n
. P
u
b
lish

ed
 b
y Jo

h
n
 W
ile
y &
 S
o
n
s, Ltd

.

4

S U M M A R Y   O F   F I N D I N G S

 

Summary of findings 1.   Prehabilitation compared to no prehabilitation in adult patients undergoing surgery for colorectal cancer

Prehabilitation compared to no prehabilitation in adult patients undergoing surgery for colorectal cancer

Patient or population: adult patients undergoing surgery for colorectal cancer
Setting: in-hospital, outpatient or home-based interventions
Intervention: multimodal prehabilitation
Comparison: no prehabilitation

Anticipated absolute effects* (95% CI)Outcomes

Risk with no preha-
bilitation

Risk with multi-
modal prehabili-
tation

Relative effect
(95% CI)

№ of partici-
pants
(studies)

Certainty of
the evidence
(GRADE)

Comments

Functional capacity 4
weeks postoperatively
assessed with: 6MWT
in metres

The mean functional
capacity four weeks
postoperatively
ranged from 286.1 to
444 metres

MD 26.02 meters
higher
(13.81 lower to
65.85 higher)

Not estimable 131
(2 RCTs)

⊕⊕⊝⊝

LOW 1 2
 

Functional capacity 8
weeks postoperatively
assessed with: 6MWT
in metres

The mean function-
al capacity eight
weeks postopera-
tively ranged from
-21.8 to 11 metres

MD 26.58 metres
higher
(8.88 lower to
62.04 higher)

Not estimable 140
(2 RCTs)

⊕⊝⊝⊝

VERY LOW 1 2 3
The values reported in the 'Risk with no
prehabilitation' column are mean changes
from baseline. 

Complications within
30 days postoperative-
ly

417 per 1.000 396 per 1.000
(292 to 538)

RR 0.95
(0.70 to 1.29)

250
(3 RCTs)

⊕⊕⊝⊝

LOW 1 2
 

Health-related quality
of life

See comment See comment Not estimable 182 (2 RCTs) See comment SF-36 and HADS results were reported in
two studies (Gillis 2014, Carli 2020). We
were not able to pool data. Both trials did
not report between-group differences. 

Functional capacity
pre-surgery
assessed with: 6MWT
in metres

The mean functional
capacity pre-surgery
ranged from -16.4 to
315.8 metres

MD 24.91 metres
higher
(11.24 higher to
38.57 higher)

Not estimable 225
(3 RCTs)

⊕⊕⊕⊝

MODERATE 1
Both post-intervention scores and mean
change from baseline are displayed in the
"Risk with no prehabilitation" column. 
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Length of hospital stay See comment See comment Not estimable 250 (3 RCTs) See comment Meta-analysis could not be performed.
The three studies (Gillis 2014, Bous-
quet-Dion 2018, Carli 2020) found that re-
sults were similar between groups.

Mortality See comment See comment Not estimable - See comment Not reported in either study

Safety of the pro-
gramme (dropout,
SAE)

See comment See comment Not estimable - See comment Meta-analysis could not be performed. In-
formation was insufficient to draw conclu-
sions.

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% CI).

6-MWT: 6-minute walk test; CI: Confidence interval; kg: Kilogram; MD: Mean difference; ml: Millilitre; OR: Odds ratio; RCT: randomised controlled trial; RR: Risk ratio; SAE:
Serious adverse event; VO2peak: Peak oxygen uptake. 

GRADE Working Group grades of evidence
High certainty: We are very confident that the true effect lies close to that of the estimate of the effect
Moderate certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different
Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect
Very low certainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect

1 Downgraded for risk of bias. Participants and personnel were not blinded (due to the nature of the programme), outcome assessors were blinded.
2 Downgraded for imprecision. Information size was not reached and the confidence intervals encompass both considerable benefit and considerable harm.
3 Downgraded for inconsistency. Results were inconsistent between studies and heterogeneity is substantial with an I2 of 65%.
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B A C K G R O U N D

Description of the condition

Colorectal cancer (CRC) is the second-most commonly diagnosed
type of cancer in women, and the third-most commonly diagnosed
in men. In 2018, over 1.8 million new CRC cases and nearly 862,000
deaths were registered worldwide (Bray 2018). The cornerstone
in treatment of CRC remains surgery. Surgery is known to be a
major stressor. Subsequently, colorectal surgery is associated with
significant postoperative morbidity (Tevis 2016). Complications
strongly impact the postoperative and long-term outcome of the
patient as well as the long-term quality of life (Khuri 2005; Tevis
2016). Furthermore, complications impact healthcare systems
due to prolonged length of stay, higher re-admission rates,
and increased costs (West 2017). Key in the development of
postoperative comorbidities is the surgical stress response, with
subsequent changes in organ functioning (Kehlet 1997). Enhanced
Recovery AKer Surgery (ERAS) programmes consist of multimodal
interventions applied peri-operatively to minimise this stress
response. Furthermore, with the aim to maintain physiological
function and accelerate recovery aKer surgery. ERAS aKer major
colorectal surgery has resulted in reduced morbidity rates and
reduced length of stay, as well as improved recovery (Gustafsson
2019). However, the majority of the interventions focus on the
intra-and postoperative factors. Since the postoperative period is
associated with fatigue, lack of sleep, weakness, anorexia, and
mental burdens such as anxiety and depression, it may not seem
the most optimal time period to introduce recovery-enhancing
interventions (Baldini 2018; Carli 2018). Furthermore, patients are
more psychologically receptive to behavioural interventions in the
preoperative period while facing major surgery (Levett 2016; West
2017). Hence, the preoperative period, though limited to several
weeks, can be optimally used to introduce prehabilitation.

Description of the intervention

Prehabilitation consists of multidisciplinary preoperative
interventions aiming to prevent or attenuate the functional
decline and subsequent consequences caused by surgery (Minnella
2018a). It includes assessment of physical, nutritional, and
psychological status to determine baseline functional capacity,
identify impairments and intervene in order to improve the
patients’ preoperative functional reserve prior to treatment (Carli
2017; Silver 2013). The interventions used in prehabilitation
address modifiable risk factors (Carli 2017; Minnella 2017). The
risk of severe complications is associated with the number
of preoperative modifiable risk factors (Van Rooijen 2017).
Prehabilitation can alter postoperative outcomes on the short-
term and additionally result in behavioural changes in the long
term (Levett 2016; West 2017). The concept has been introduced
in recent decades and while awaiting better-certainty evidence, it
is being implemented as part of peri-operative care. Accordingly,
prehabilitation is included in the latest ERAS guideline for
colorectal cancer surgery (Gustafsson 2019).

There is a rationale to combine various interventions in
a multimodal approach, since the functional impairment in
oncology patients is multi-factorial (Minnella 2018a). Combining
interventions induces a synergistic eJect (Scheede-Bergdahl 2019).
Apart from the synergistic eJect, use of only a single modality,
such as an exercise programme, could potentially harm a patient

without physiological reserves; while combining exercise with
protein supplementation is necessary to make the intervention
beneficial (Carli 2017). Apart from the multimodal approach,
there is no consensus yet on the design and content of a
prehabilitation programme or what group of patients would benefit
most. Minnella et al. describe what the screening, assessment, and
intervention in prehabilitation should generally contain (Minnella
2018a). Descriptions in recent literature include multiple modalities
involving exercise, nutritional and mental support, as well as
behaviour modification (Baldini 2018; Carli 2018; Levett 2016;
Minnella 2018a; Silver 2013; West 2017). Furthermore, there is
a slight preference for supervised training sessions, three times
per week of moderate- to high-intensity training, instead of daily
moderate-intensity training (Minnella 2018a). Meaningful changes
can be achieved in three to eight weeks preoperatively (Mayo
2011; West 2017). Studies reported thus far vary in methodology
used in terms of the type, frequency, duration, and timing of
the interventions. Because of the heterogeneity of interventions,
published reviews cannot draw firm conclusions (Levett 2016).

As mentioned above, there is no consensus on which patients might
benefit most from prehabilitation. However, the peak incidence of
colorectal cancer occurs in patients older than age 70 (Papamichael
2015). Higher age is associated with frailty and frailty is associated
with limited reserves and an increased risk for poorer functional
capacity, complications, and even mortality postoperatively (Bruns
2016; Ommundsen 2017; Papamichael 2015). Treatment in older
patients with CRC might be challenging and should take age-
related factors into consideration (Bruns 2016). The updated
International Society of Geriatric Oncology recommendations
therefore advises to identify patients with CRC who need a formal
comprehensive geriatric assessment prior to surgery. Additionally,
a prehabilitation programme and postponement of major resection
should especially be considered in frail patients with comorbidities
(Papamichael 2015).

How the intervention might work

Poor functional capacity preoperatively is associated with
postoperative complications and increased mortality (Wilson
2010). Increasing the functional capacity preoperatively results in
an improved recovery aKer surgery (Mayo 2011; Minnella 2019a).
Conversely, patients with a decrease in functional capacity have an
increased rate of severe complications (Mayo 2011).

Exercise in the context of prehabilitation can be described as
regular physical activity incorporated in a structured programme
that should be tailored to the patient (Carli 2017). Aerobic and
muscular strength training should be incorporated in the exercise
programme (West 2017) as well as implementation of balance and
flexibility training (Baldini 2018).

Cancer directly aJects the nutritional status in patients and
nutritional status is further compromised by surgery. The goal
of nutritional intervention is to optimise nutrient stores prior to
surgery and to compensate for the catabolic response aKer surgery.
Another goal is to stimulate muscle protein synthesis aKer exercise
training (Baldini 2018).

Psychological distress is common in cancer patients. Preoperative
psychological interventions appeared to benefit patient-reported
outcome measures in several studies (Tsimopoulou 2015).
Furthermore, psychological preparation prior to surgery may result
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in lower postoperative pain, shorter length of hospital stay, and
diminished negative aJect (Powell 2016). Active participation of
patients in the process to prepare for treatment may contribute
to diminishing the emotional distress due to their facing major
colorectal surgery (Mayo 2011). Depressive symptoms in patients
with colorectal cancer are associated with poorer functional status.
Whether the depressive symptoms or the poor functional status
comes first is unknown (Barrett-Bernstein 2019). Furthermore,
presence of anxiety is a predictor for poorer recovery (Mayo
2011) and potentially decreases adherence to exercise programmes
(Scheede-Bergdahl 2019). Thus, interventions to improve mental
well-being could improve surgical outcome by itself and improve
the adherence to a prehabilitation programme, further improving
eJectiveness of the programme.

Preoperative interventions focused on smoking and excessive
alcohol consumption are generally implemented as part
of a prehabilitation programme. The risk of postoperative
complications is increased due to smoking (Thomsen 2014).
Additionally, current smoking in newly diagnosed colonic cancer
patients seems to be related to a decreased 5-year cancer-specific
survival rate (Sharp 2017). Some advise to use intense counselling
and nicotine replacement therapy to cease smoking four weeks
prior to surgery in order to reduce postoperative pulmonary and
wound healing complications (Gustafsson 2019; Thomsen 2014).
Intensive interventions to cease alcohol consumption, initiated
four to eight weeks prior to surgery, may also reduce postoperative
complication rates (Egholm 2018).

Preoperative anaemia correction is another intervention that could
be used in a prehabilitation programme. Anaemia is common in
colorectal cancer patients and increases the risk of morbidity and
implicates survival (Van Rooijen 2016; Wilson 2010). Furthermore,
anaemia can hinder patients in exercise training. The latest ERAS
guideline for colorectal surgery include a strong recommendation,
based on high-certainty evidence, to screen and treat anaemia prior
to surgery (Gustafsson 2019). Intravenous iron therapy was found in
the IVICA trial to be more eJective than oral iron therapy in treating
preoperative iron deficiency and anaemia (Keeler 2017). This also
translated into improved quality of life scores with intravenous iron
therapy (Keeler 2019).

Finally, polypharmacy should be addressed prior to surgery.
However, this is usually implemented as standard care.

As mentioned before, a multimodal approach is prescribed in many
studies, as it produces a synergistic intervention eJect. Exercise
and dietary protein intake aJect anabolism and muscle protein
synthesis when used independently as well as when combined
(Gillis 2019). Furthermore, a positive mental status will benefit
participation in exercise and other lifestyle interventions, while
exercise presumably aJects cerebral circuits involved in reward and
stress resistance (Herrera 2016).

Prehabilitation improves nutritional status (Gillis 2019; Santa
Mina 2018), increases functional capacity (Barberan-Garcia 2018;
Gillis 2014; Li 2013; Liu 2019; Minnella 2017; Minnella 2018b),
and benefits mental status (Lindbäck 2018; Mayo 2011; Santa
Mina 2018). Furthermore, it seems to result in a reduction of
complications (Barberan-Garcia 2018; Hughes 2019), accelerated
recovery (Gillis 2014; Li 2013; Minnella 2019b; Van Rooijen 2019a),
a diminished length of hospital stay (Gillis 2018; Santa Mina
2014), and improved quality of life (Lindbäck 2018 Dunne 2016).

Potentially, a reduction in costs can be achieved by prehabilitation
due to shorter length of stay, lower rate of re-admissions, faster
return to work, and a decrease in the use of primary care aKer
discharge (Barberan-Garcia 2019; Mouch 2019; Nielsen 2008). A
recently published pooled analysis of three studies concluded
that trimodal prehabilitation was not associated with improved
overall survival and disease-free survival in stage I-III colorectal
cancer (Trépanier 2019). However, subgroup analysis did show an
improved 5-year disease free survival in patients with stage III
disease (Trépanier 2019).

Why it is important to do this review

Over the past two decades, an increasing number of studies on
prehabilitation have been published. Most studies in colorectal
cancer patients were unimodal and consisted of an exercise
programme (Heldens 2016; Karlsson 2019; Loughney 2017; Moug
2019; West 2015) or nutritional intervention alone (Gillis 2016). Only
a few studies included a multimodal prehabilitation programme
(Bousquet-Dion 2018; Gillis 2014; Li 2013; Van Rooijen 2019a).

Multiple systematic reviews have been conducted on
prehabilitation prior to surgery (Bolshinsky 2018; Heger 2019; Hijazi
2017; Hughes 2019; Luther 2018; Piraux 2018). Conclusions were
mainly limited due to the heterogeneity of studies. A recently
published systematic review on prehabilitation included both
cohort and randomised studies investigating unimodal as well as
multimodal programmes for major abdominal and cardiothoracic
surgery (Kamarajah 2019). The studies showed large variations
across type of surgery and prehabilitation regimes. This resulted
in heterogeneous study populations, providing limited ability to
generalise study results for routine clinical practice (Kamarajah
2019).

Some systematic reviews aimed to study multimodal
prehabilitation as a whole. Bolshinsky 2018 performed a systematic
review that aimed to determine the eJect of multimodal
prehabilitation as a bundle of care. The review included
20 studies, with only two studies containing a multimodal
prehabilitation programme. Data were insuJicient to show any
benefit of prehabilitation as a bundle of care in gastro-intestinal
cancer patients (Bolshinsky 2018).  Luther 2018 also performed a
systematic review to assess the collective impact of "total body
prehabilitation" before major abdominal surgery on postoperative
outcomes. They included 16 articles assessing prehabilitation
on four domains: nutritional and mental optimisation, physical
exercise, and negative health behaviours.  Luther 2018  identified
no studies containing interventions in all four domains. Although
data were again insuJicient, they concluded that a multimodal
programme is likely to have more impact, compared to unimodal
programmes (Luther 2018). To our knowledge, none of the
reviews has included only studies with multimodal prehabilitation
programmes. Considering the consensus that prehabilitation
should be multimodal, a Cochrane Review on multimodal
prehabilitation in colorectal cancer surgery aims to provide an
overview of the current multimodal initiatives as well as the
evidence.

O B J E C T I V E S

To determine the eJects of a multimodal prehabilitation
programme for adult colorectal cancer patients undergoing

Prehabilitation versus no prehabilitation to improve functional capacity, reduce postoperative complications and improve quality of life
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elective resection on functional capacity, postoperative outcomes,
and health-related quality of life (HRQoL).

M E T H O D S

Criteria for considering studies for this review

Types of studies

We conducted this review according to a previously published
Cochrane protocol (Van Rooijen 2019a). Randomised controlled
trials (RCTs) comparing multimodal prehabilitation to no
prehabilitation were eligible for inclusion. Pilot RCTs, multi-arm
RCTs and cluster-RCTs were also eligible. We included trials
irrespective of whether an intention-to-treat analysis had been
carried out. Blinding was not a prerequisite for inclusion. Studies
could contain an ERAS programme as well as standard care. The
latter inclusion criterion may have contributed to heterogeneity
among the studies. We assessed heterogeneity as described
in Assessment of heterogeneity.

Types of participants

Studies with adult participants (age 18 years and older) with non-
metastatic colorectal cancer undergoing elective resection with or
without (neo)adjuvant therapy were eligible for inclusion. Studies
were excluded if they reported additional intraoperative therapy
and/or reported multi-organ resection.

Types of interventions

As described above, there is no consensus on the design
and content of a prehabilitation programme. However, some
common denominators are described in the literature. Therefore,
any intervention to improve participants' functional capacity,
nutritional status, mental status, and/or to decrease the use of
substances such as tobacco could qualify for inclusion. Since
we were interested in multimodal prehabilitation, eligible studies
contained at least two of the following interventions: physical
exercise programmes (endurance and/or resistance training, as
well as breathing exercises), any nutritional support, any mental
support, and/or interventions addressing substance use (e.g.
smoking cessation programmes). Studies were excluded when
the intervention lasted less than seven days and/or when follow-
up was less than four weeks postoperatively. Control group
participants could receive standard care or no prehabilitation.

Types of outcome measures

We were specifically interested in the following outcomes listed
below. However, we did not exclude relevant studies that did not
report these outcomes.

Primary outcomes

1. Functional capacity determined with the 6-minute walk test
(6MWT) (maximum number of metres walked in six minutes in a
corridor at least 20 metres long) postoperatively

2. Postoperative complication rate (Clavien-Dindo scale (CD) or
Comprehensive Complication Index (CCI) (Slankamenac 2013))
within 30 days

3. Patient-reported HRQoL, measured using the following
questionnaires: Short Form-36 (SF-36), Hospital Anxiety and
Depression Scale (HADS), EuroQol-5D (EQ-5D), European
Organisation for Research and Treatment of Cancer Quality of

Life Questionnaires Core module and ColoRectal cancer module
(EORTC QLQ-C30/-CR29))

Secondary outcomes

1. 6MWT pre-surgery aKer completion of the prehabilitation
programme

2. VO2peak (ml/kg) as determined by the steep ramp test or

cardiopulmonary exercise test (CPET)

3. Handgrip strength (kg)

4. Length of hospital stay (in days)

5. Overall mortality at maximal follow-up period

6. Compliance rate to the programme

7. Safety of prehabilitation interventions (dropouts, serious
adverse events)

8. Return to normal activities as measured by PROMIS (Hedrick
2017;  Van der Meij 2016)

9. Emergency department visits within 30 days postoperatively

10.Readmission rate within 30 days postoperatively

Outcomes should preferably have been available at baseline, pre-
surgery (aKer prehabilitation programme), and four and/or eight
weeks postoperatively.

If data were not fully available, we aimed to retrieve missing data
from the study author for further analysis.

Search methods for identification of studies

Electronic searches

We searched the following electronic databases with no language
restriction.

1. Cochrane Central Register of Controlled Trials (CENTRAL)
(Cochrane Library, searched 2021 week 4) (Appendix 1)

2. MEDLINE (Ovid, 1950 to 2021 week 4) (Appendix 2)

3. Embase (Ovid, 1974 to 2021 week 4) (Appendix 3)

4. PsycINFO (EBSCOhost, 1967 to 2021 week 4) (Appendix 4)

We also searched the following registers for ongoing or completed
trials (Appendix 5).

1. US National Library of Medicine clinical trials register
(www.clinicaltrials.gov; searched 4 March 2021)

2. Google Scholar (scholar.google.com; searched 4 March 2021)

3. Netherlands Trial Register (trialregister.nl; searched 2 March
2021)

4. World Health Organization International Clinical Trials Registry
Platform (ICTRP) (apps.who.int/trialsearch; searched 4 March
2021)

Searching other resources

We handsearched bibliographies of included studies and any
relevant systematic reviews to identify any further eligible studies.

Data collection and analysis

Selection of studies

Two review authors (SR and CM) independently screened the titles
and abstracts of all articles identified by the searches.

Prehabilitation versus no prehabilitation to improve functional capacity, reduce postoperative complications and improve quality of life
in colorectal cancer surgery (Review)
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We screened articles in the following manner. First, we excluded
studies that were not RCTs. Subsequently, we assessed eligibility
of the papers following the population, intervention, comparison,
outcome (PICO) framework. We checked whether the study
population (participants) met the inclusion criteria. If not, the
article was excluded. If the population met the inclusion criteria, we
examined the intervention. In this way, we systematically screened
all articles.

We retrieved full-text articles when a paper was considered eligible
based on its title and abstract, or when information was insuJicient
to determine eligibility. Disagreements regarding eligibility of
selected trials were resolved by discussion. In case of doubt or
remaining disagreement, a third review author (LJ) assessed the
eligibility of the trial, which was then discussed until consensus was
reached.

Multiple reports of a given study were collated, and we indicated
which report was the study's primary data source. We contacted
trial authors in case clarification was necessary and requested
additional or missing data.

Data extraction and management

Two review authors (CM and LJ) independently extracted data
using a standard data collection form, and entered data into
RevMan Web (RevMan Web 2020).

We extracted the following from the included studies:

1. general information: study title, first author, source, publication
date, contact address, language;

2. study characteristics: study setting (including design and
duration), sample size (powered, randomised and analysed),
population characteristics (disease, age, gender, comorbidities,
treatment modality), description of the prehabilitation
programme (number of interventions, duration of the
programme), description of the interventions (including
frequency and duration per session), implementation of an
Enhanced Recovery Programme (ERP) or standard care, and
follow-up;

3. outcomes: 6MWT preoperatively and postoperatively,
postoperative complication rate (CD or CCI), HRQoL (SF-36,
HADS, EQ-5D, EORTC QLQ-CR29 or QLQ-C30), VO2peak, handgrip

strength, length of hospital stay, mortality at maximal follow-
up period, compliance to the prehabilitation programme,
safety of the programme (including dropouts and adverse
events), return to normal activities, emergency department
visits postoperatively, and re-admission rate.

We requested additional or missing data from the study authors
when information in articles was insuJicient.

We resolved any disagreements by discussion and consensus.

Assessment of risk of bias in included studies

Two review authors (CM and HF) independently assessed risk
of bias of the included studies using the revised 'Risk of bias'
tool as described in the Cochrane Handbook for Systematic
Reviews of Interventions (Chapter 8, Higgins 2021). We assessed
risk of bias based on the following domains: random sequence
generation, allocation concealment, blinding of participants and
personnel, blinding of outcome assessors, incomplete reporting of

outcome data, selectivity of outcome reporting, and other bias. We
categorised each domain as being at 'low', 'unclear', or 'high' risk of
bias, according to the criteria provided in the Cochrane Handbook
for Systematic Reviews of Interventions(Chapter 8, Higgins 2021),
and present our assessments both in both 'Risk of bias' tables and
graphic summaries. We resolved any disagreements by discussion
and consensus.

Measures of treatment e=ect

For the continuous primary outcome (6MWT), we retrieved mean
change from baseline or post-intervention scores and the standard
deviations for each group. We calculated the mean diJerence (MD)
with 95% confidence intervals (CI). For dichotomous outcomes
(complications, emergency department visits, and re-admissions),
we calculated the risk ratios (RR) and the 95% CI.

Unit of analysis issues

We did not include any cluster or cross-over controlled trials.
Furthermore, we did not encounter any (other) unit for analysis
issues in the included trials. If we had included cluster trials, we
would have determined the intra-cluster correlation coeJicient
(ICC) or would have used the ICC from another source (Chapter 23,
Higgins 2021). We intended to perform sensitivity analysis to study
the eJect of variability in the ICC. If we had included cross-over
trials, we would have excluded those trials in a sensitivity analysis
to assess whether this type of trial could have aJected pooled
estimates (Chapter 23, Higgins 2021).

Dealing with missing data

We aimed to analyse all data based on the intention-to-treat (ITT)
principle. We reported the numbers of participants lost to follow-
up and assessed this as a potential source of bias. We performed
analyses on the available data in the event missing data were not
available.

Assessment of heterogeneity

We assessed heterogeneity according to the Cochrane Handbook
(Chapter 10, Higgins 2021). We assessed heterogeneity visually in

forest plots and statistically using the Chi2 test (P<0.10). We set
the P value to 0.10 to determine statistical significance, because

the Chi2 test has low power to assess heterogeneity when studies
have small sample sizes or are few in number. We calculated

the I2 statistic as a measure of heterogeneity, representing the
percentage of variation across studies that can be explained by
heterogeneity. To limit the influence of clinical and methodological
heterogeneity, we pooled studies with similar study design and

with a comparable patient population. We interpreted the I2

statistic value according to the Cochrane Handbook as follows:
0% to 40% might not be important, 30% to 60% moderate
heterogeneity, 50% to 90% substantial heterogeneity, and 75%
to 100% considerable heterogeneity (Chapter 10, Higgins 2021).
Although investigations of heterogeneity might be inaccurate, due
to the small number of trials identified, we applied the methods
above all outcomes. We did not display pooled data if heterogeneity

was clinically or statistically high (i.e. if the I2 statistic value was
greater than 75%).

Prehabilitation versus no prehabilitation to improve functional capacity, reduce postoperative complications and improve quality of life
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Assessment of reporting biases

To prevent language bias, we did not impose a language restriction.
Due to the small number of included studies, we were not able to
generate funnel plots to identify publication bias.

Data synthesis

We pooled data and performed meta-analyses using the
aggregated eJect parameters and confidence intervals reported by
trial investigators.

Where outcomes were dichotomous, we used the Mantel-Haenszel
method to run both the fixed-eJect and random-eJects models.
We used the inverse variance method for continuous data. We used
the random-eJects model if heterogeneity was high. Otherwise, we
used a fixed-eJect model.

Normal distribution of data was assumed, according to the authors'
statements in the publication. Since individual data was not
available, we could not visually check the distribution using
histograms. For studies with non-parametric results, we intended
to calculate mean and standard deviation (SD) by dividing the
interquartile range (IQR) by 1.35, according to the Cochrane
Handbook (Chapter 6, Higgins 2021). However, this was only
applied when the outcome's distribution was similar to a normal
distribution.

We summarised the data in forest plots and calculated summary
estimates with a 95% CI. We considered using a two-sided P < 0.05
as statistically significant, except for assessment of heterogeneity,
for which the recommended levels are P < 0.10. We performed
statistical analyses with RevMan Web (RevMan Web 2020).

Subgroup analysis and investigation of heterogeneity

Subgroup analyses were not possible due to the limited number of
studies and the limited availability of subgroup data. We intended
to examine individual study eJects by excluding trials with high
heterogeneity. Furthermore, regarding the patient population, we
intended to perform subgroup analyses on participants receiving
neoadjuvant therapy, open versus laparoscopic surgery, and
colonic versus rectal cancer.

Sensitivity analysis

Unfortunately, the number of studies was too small to examine
individual study eJects on the results.

Summary of findings and assessment of the certainty of the
evidence

We created a 'Summary of findings' table with  GRADEPro
GDT soKware for the prespecified outcomes.

1. Functional capacity measured with 6MWT pre-surgery, four and
eight weeks postoperatively

2. Postoperative complications within 30 days aKer surgery

3. Health-related quality of life

4. Length of hospital stay

5. Mortality

6. Safety of the programme

To assess the certainty of a body of evidence for a given outcome,
the following GRADE considerations were used to grade the
evidence: study limitations (i.e. risk of bias), inconsistency of
results, indirectness of evidence, imprecision, and publication bias.
For all five considerations, if there were very serious concerns (for
example, if most information came from studies at high risk of bias),
we rated down two levels. In the absence of downgrading, had there
been a large magnitude of eJect, a dose-response gradient, or if
the demonstrated eJect could have been reduced by all plausible
confounders, the certainty of evidence could have been upgraded.
The evidence can be graded as high-certainty evidence, moderate-
certainty evidence, low-certainty evidence and very low-certainty
evidence (Chapter 14, Higgins 2021).

R E S U L T S

Description of studies

See: Characteristics of included studies; Characteristics of
excluded studies; Characteristics of studies awaiting classification;
Characteristics of ongoing studies.

Results of the search

The search in electronic databases resulted in 8385 records.
Additionally, nine studies were identified through searching other
resources (Figure 1). AKer removing duplicates, 8136 records were
screened by title and abstract. Twenty-seven titles were further
assessed for eligibility. Two of them were poster presentations, but
appeared to be non-randomised (Astin 2014a; Astin 2014b). Three
records were published in abstract form only, containing unimodal
programmes (Brown 2018; Cramer 2014; Hernon 2016) and were
therefore not eligible for inclusion. One completed RCT has not yet
been published (NCT03096951). We retrieved 21 full-text articles,
from which we included three studies and excluded 18 studies.
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Figure 1.   Study flow diagram.
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Figure 1.   (Continued)
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Included studies

We included three trials with a total of 250 participants. Of these,
130 were assigned to prehabilitation groups and 120 were assigned
to control groups (Bousquet-Dion 2018; Carli 2020; Gillis 2014).

Study design

Included trials were parallel-arm single-blinded RCTs comparing
a multimodal prehabilitation programme to a control group
with a similar rehabilitation programme starting postoperatively,
aKer discharge from the hospital. All studies applied an ERAS
programme as standard of care.

Participants

The population consisted of adult participants with non-metastatic
colorectal cancer, scheduled for elective resection. Additionally, the
subjects in Carli 2020 were frail, as determined by a score of ≥ 2 in
the Fried Frailty Index (FFI). Two studies (Bousquet-Dion 2018; Gillis
2014) had a slightly higher percentage of male participants. Most
of the participants in Carli 2020 were ≥75 years of age. In all three
trials, surgery was mainly performed laparoscopically, and colonic
resections were more common than rectal resections.

Intervention

The studies included a multimodal prehabilitation programme
consisting of moderate-intensity exercise, nutritional, and mental
health support. All programmes started approximately four
weeks preoperatively. Programmes were resumed for eight weeks
aKer surgery in  Gillis 2014  and  Bousquet-Dion 2018, but not
in Carli 2020 (Table 1).

Comparison

Control groups did not receive any interventions preoperatively.
All groups received a rehabilitation programme containing similar
interventions and instructions as the prehabilitation programme,
which started once each participant was discharged from hospital.

Outcome

All three  trials included assessment of the 6MWT at baseline
and pre-surgery. Bousquet-Dion 2018 and Carli 2020 reported the
6MWT four weeks aKer surgery and Gillis 2014 and Bousquet-Dion
2018  also included an assessment eight weeks postoperatively.
Results of the 6MWT were presented as change from baseline
or post-intervention values for the above-mentioned time points.
Where possible, we did not combine these variable scores.
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However, when necessary, pooling a mixture of scores is allowed
when it comes to meta-analysis of mean diJerences (Chapter 10,
Higgins 2021).

Postoperative complications within 30 days were reported in the
included articles. Handgrip strength was reported at baseline
only in all three RCTs and could therefore not be analysed
as an outcome in this review. HRQoL was reported in  Gillis
2014  and  Carli  2020  using the SF-36 and HADS. However, both
studies displayed diJerent subscales for the SF-36. Data could
not be pooled for that reason. HADS results were reported as
median plus IQR in  Carli  2020. Length of hospital stay was also
reported as mean plus IQR in the three included studies. Because
the range was not displayed for these outcomes, we could not
calculate the mean and SD of these variables. Moreover, length of
hospital stay is assumed to be highly skewed. For these reasons,
we could not include these variables in the quantitative analyses.
Compliance rate was not determined in the control group before
surgery since they had not started the programme preoperatively.
Emergency department visits and re-admissions were published
in the included articles. VO2peak, mortality, safety, and return to

normal activities were not reported in either study.

Excluded studies

We excluded 18 studies aKer assessing the full-text articles. Two
of the excluded articles were non-randomised trials (Bruns 2019;
Lim 2019); three contained an ineligible population, including
participants with other diseases than colorectal cancer or starting
the intervention postoperatively (Fulop 2021; Klinkhammer-
Schalke 2020; Zhang 2014); four included unimodal prehabilitation

(Gillis 2016; Karlsson 2019; Moug 2019; Ommundsen 2017); one
was a protocol publication of an RCT with a unimodal programme
(Onerup 2017); and one included two prehabilitation groups and no
control (Minnella 2020). Seven meta-analyses were also excluded.
Two of these analysed data of two included RCTs in this review and
did not publish new data or did not meet the inclusion criteria of
this review (Chen 2017; Gillis 2019); four contained non-randomised
data as well, not separately reported (Barrett-Bernstein 2019;
Minnella 2016; Minnella 2017; Trépanier 2019), and one analysed
only the prehabilitation groups, with no control group (Awasthi
2019).

Studies awaiting classification

One RCT is registered as completed but not yet published
(NCT03096951) and four potentially eligible trials are still ongoing
(NCT04595604; NCT04167436; NCT03097224; NL5784).

These studies await classification and will be assessed in the
update of this review.

Risk of bias in included studies

Our evaluations of the risk of bias in each study are described in
detail in the 'Risk of bias' tables (included in the Characteristics of
included studies tables). The overall risk of bias for all three studies
in each domain is presented in  Figure 2,  and the risk of bias for
each domain of each trial is presented in Figure 3. Using the revised
Cochrane risk of bias tool for randomised trials (Chapter 8, Higgins
2021), we assessed the overall risk of bias in the included studies to
be at high risk of bias, because at least one domain in each trial was
judged to be at high risk of bias.

 

Figure 2.   Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages
across all included studies.
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Figure 3.   Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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Allocation

Random sequence generation

All three studies described the randomisation procedure and used
computer-generated random numbers. The risk of bias is therefore
low.

Allocation concealment

Sequentially numbered sealed envelopes were used in the included
trials resulting in a low risk of bias assessment.

Blinding

Blinding of personnel and participants

Included studies were assessed as high risk of bias. No blinding
of personnel or participants was used. Therefore, the outcome
was possibly influenced by the lack of blinding.  Bousquet-Dion
2018 mentioned bias in the form of contamination in the control
group, since participants in the control group improved the 6MWT
result in the pre-surgery measurement.

Blinding of outcome assessment

For the 6MWT, the outcome assessor was blinded in  Gillis
2014  and  Bousquet-Dion 2018. The risk of bias for judgement
of complications, clinical outcome (length of stay, emergency
department visits, re-admissions) is unclear since there is
insuJicient information to permit judgement. Carli 2020 reported
that outcome assessors, surgeons and statisticians were blinded for
group allocation. We deem the risk of bias to be low.

Incomplete outcome data

The studies did not include all randomised participants within their
final analyses. Therefore, ITT analysis was not performed.

The RCTs excluded participants with loss to follow-up from
analyses. Gillis 2014 did not specify the reason and at what time
point these participants were lost to follow-up.  Carli  2020  did
specify the reason, however not the time point. Furthermore, the
sample size mentioned in the publication of  Carli  2020  did not

correspond to the sample size included in the attached study
protocol. Risk of bias was assessed to be high.

Finally,  Bousquet-Dion 2018  specified the reasons participants
were lost to follow-up. However, four participants were lost to
follow-up due to complications. Since complications are included
as an outcome of the trial, it is not clear why these participants were
not included in the analyses. Risk of bias was assessed as high for
all three trials.

Selective reporting

The study protocol was attached to the publication for Carli 2020.
All prespecified outcomes were included in the published study.
The other studies did not publish their protocols. However, the
prespecified outcomes for  Gillis 2014,  as mentioned in the trial
register, correspond to the outcomes reported in the published
paper. This was not the case with the reported outcomes
of Bousquet-Dion 2018. Therefore, the risk of reporting bias is low
for Gillis 2014 and Carli 2020, and high for Bousquet-Dion 2018.

Other potential sources of bias

Information is insuJicient to assess whether or not another
important risk of bias exists.

E=ects of interventions

See: Summary of findings 1 Prehabilitation compared to no
prehabilitation in adult patients undergoing surgery for colorectal
cancer

See: Summary of findings 1.

Primary outcomes

1. Functional capacity determined with the 6MWT
postoperatively

The post-intervention scores of the 6MWT four
weeks postoperatively were pooled for  Bousquet-Dion
2018  and  Carli  2020. The mean diJerence was 26.02 metres, in

favour of prehabilitation (n = 131, 95% CI -13.81 to 65.85; P = 0.20; I2

= 41%; low certainty evidence; Figure 4).
 

Figure 4.   6MWT four weeks postoperatively: post-intervention scores four weeks postoperatively were used in this
analysis. Data for all patients included in the study of Carli 2020 were available for analysis 1.3, 1.5 and 1.6, while
data for a various number of patients are missing in analysis 1.1 and 1.4

Study or Subgroup

Bousquet-Dion 2018
Carli 2020

Total (95% CI)
Heterogeneity: Chi² = 1.71, df = 1 (P = 0.19); I² = 41%
Test for overall effect: Z = 1.28 (P = 0.20)
Test for subgroup differences: Not applicable

Prehabilitation
Mean

441
336.4

SD

120
121.8

Total

37
38

75

Control
Mean

444
286.1

SD

116
105.1

Total

26
30

56

Weight

45.6%
54.4%

100.0%

Mean Difference
IV, Fixed, 95% CI

-3.00 [-62.02 , 56.02]
50.30 [-3.68 , 104.28]

26.02 [-13.81 , 65.85]

Mean Difference
IV, Fixed, 95% CI

-100 -50 0 50 100
Favours control Favours prehabilitation

 
Neither study reported significant diJerences between groups
four weeks aKer surgery.  Bousquet-Dion 2018  found that both
groups had a lower score for the 6MWT four weeks postoperatively,
compared to baseline. The prehabilitation group in Carli 2020 had
a higher mean for the 6MWT four weeks aKer surgery, while the

control group did not recover to their baseline mean results. The
percentage of participants who recovered to their baseline level at
four weeks postsurgery was 50% in both groups for Bousquet-Dion
2018. In Carli  2020  the percentage was 68.4% and 53.3% for the
prehabilitation and control groups, respectively.
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Mean change scores from baseline were analysed for the
eight week postoperative assessment of the 6MWT for  Gillis
2014 and Bousquet-Dion 2018. The common eJect for change in

distance walked during the test was 26.58 metres (n = 140;CI -8.88

to 62.04; P = 0.14; I2= 65%; very low-certainty evidence; Figure 5) in
favour of the prehabilitation group.

 

Figure 5.   6MWT eight weeks postoperatively: in contrast with analysis 1.1 mean change from baseline instead of
post-intervention scores eight weeks postoperatively were used for this analysis.

Study or Subgroup

Bousquet-Dion 2018
Gillis 2014

Total (95% CI)
Heterogeneity: Tau² = 428.12; Chi² = 2.89, df = 1 (P = 0.09); I² = 65%
Test for overall effect: Z = 1.47 (P = 0.14)
Test for subgroup differences: Not applicable

Prehabilitation
Mean

20
23.4

SD

54
54.8

Total

37
38

75

Control
Mean

11
-21.8

SD

58
80.7

Total

26
39

65

Weight

51.4%
48.6%

100.0%

Mean Difference
IV, Random, 95% CI

9.00 [-19.28 , 37.28]
45.20 [14.46 , 75.94]

26.58 [-8.88 , 62.04]

Mean Difference
IV, Random, 95% CI

-100 -50 0 50 100
Favours control Favours prehabilitation

 
Gillis 2014  described a statistically significant and clinically
important increase in the amount of metres in the prehabilitation
group (mean change +23.4 metres, SD 54.8) compared to the
control group (mean change -21.8 metres, SD 80.7). Bousquet-Dion
2018 did not find any significant diJerences.

2. Postoperative complication rate (CD or CCI) within 30 days

Included studies reported the number of participants having at
least one complication within 30 days, expressed as number and
percentage. However, the complications were specified without

reporting the way they were treated. Furthermore, the grade of
the most severe complications was reported using the CD grade.
Information was insuJicient to either use the reported CD grades
or to calculate CCI for all three trials. Therefore, we have analysed
the number of participants having at least one complication within

30 days (n = 250; RR 0.95, 95% CI 0.70 to 1.29; P = 0.75; I2 =
0%; low-certainty evidence; Figure 6). The RR of 0.95 may favour
prehabilitation; however, considering the size of the eJect, it is
probably not of clinical relevance.

 

Figure 6.   Number of patients with complication Data for all patients included in the study of Carli 2020 were
available for analysis 1.3, 1.5 and 1.6, while data for a various number of patients are missing in analysis 1.1 and 1.4

Study or Subgroup

Bousquet-Dion 2018
Carli 2020
Gillis 2014

Total (95% CI)
Total events:
Heterogeneity: Chi² = 1.38, df = 2 (P = 0.50); I² = 0%
Test for overall effect: Z = 0.32 (P = 0.75)
Test for subgroup differences: Not applicable

Prehabilitation
Events

14
25
12

51

Total

37
55
38

130

Control
Events

8
25
17

50

Total

26
55
39

120

Weight

18.4%
48.9%
32.8%

100.0%

Risk Ratio
M-H, Fixed, 95% CI

1.23 [0.61 , 2.50]
1.00 [0.66 , 1.51]
0.72 [0.40 , 1.31]

0.95 [0.70 , 1.29]

Risk Ratio
M-H, Fixed, 95% CI

0.01 0.1 1 10 100
Favours prehabilitation Favours control

 
Included studies described similar complication rates between
groups.

3. Patient-reported HRQoL

The SF-36 results were reported in Gillis 2014 for all eight subscales,
while Carli 2020 displayed the composite total physical and total
mental subscale scores. We were thus unable to pool data for the
SF-36.

HADS scores were reported as mean (SD) in  Gillis 2014  and as
median (IQR) in Carli 2020. We were not able to convert the latter
scores into mean (SD); therefore, we could not perform a meta-
analysis for this outcome.

Neither study reported between-group diJerences for SF-36 and
HADS.

Secondary outcomes

1. 6MWT pre-surgery, a1er completion of the prehabilitation
programme

The presurgical results were included as post-intervention scores
for  Carli  2020  and as mean changes from baseline for  Gillis
2014 and Bousquet-Dion 2018. The mean diJerence in 6MWT results
was 24.91 metres in favour of prehabilitation (n = 225, 95% CI 11.24,

38.57; P = 0.0004; I2 = 55%; moderate certainty of evidence; Figure
7).
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Figure 7.   6MWT presurgery: for this analysis both post-intervention scores (Carli 2020) and mean change
from baseline (Bousquet-Dion 2018 and Gillis 2014) were used. Data for all patients included in the study
of Carli 2020 were available for analysis 1.3, 1.5 and 1.6, while data for a various number of patients are missing in
analysis 1.1 and 1.4

Study or Subgroup

Bousquet-Dion 2018
Carli 2020
Gillis 2014

Total (95% CI)
Heterogeneity: Chi² = 4.41, df = 2 (P = 0.11); I² = 55%
Test for overall effect: Z = 3.57 (P = 0.0004)
Test for subgroup differences: Not applicable

Prehabilitation
Mean

21
346.1
25.2

SD

47
117.8
50.2

Total

37
47
38
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Control
Mean

10
315.8
-16.4

SD
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107.5

46
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26
38
39
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Weight

51.6%
8.1%

40.3%

100.0%

Mean Difference
IV, Fixed, 95% CI

11.00 [-8.03 , 30.03]
30.30 [-17.68 , 78.28]
41.60 [20.08 , 63.12]

24.91 [11.24 , 38.57]

Mean Difference
IV, Fixed, 95% CI

-100 -50 0 50 100
Favours control Favours prehabilitation

 
Gillis 2014 reported a statistically significant, also clinically relevant
increase (at least 20 metres) in the 6MWT in the prehabilitation
group compared to a decrease of the 6MWT in the rehabilitation
group. Bousquet-Dion 2018 and Carli 2020 detected no significant
diJerences between groups.

2. VO2peak (ml/kg) as determined by the steep ramp test or

cardiopulmonary exercise test

None of the studies reported this outcome.

3. Handgrip strength (kg)

The handgrip strength was only determined at baseline in the
included trials. Thus, we could not analyse handgrip strength as an
outcome.

4.Length of hospital stay (in days)

Length of stay in the hospital was reported in the included studies.
However, it was reported as median and IQR. Since the authors
reported most of the results as mean and SD, we concluded that
there must have been a skewed distribution of data. Moreover,
since we only had the IQR and not the range, we could not
calculate the mean and SD. Therefore, a meta-analysis could not be
performed.

All three studies reported that length of stay was similar between
groups.

5. Overall mortality at maximal follow-up period

No study reported on mortality.

6. Compliance rate to the programme

Compliance to the prehabilitation programme was mentioned in
included papers. However, since the control groups did not receive

a preoperative programme, compliance could not be compared
between groups.

Gillis 2014  described an overall compliance of 78% to the
programme, where Bousquet-Dion 2018 found a 98% compliance
rate to the exercise programme and 100% compliance to the
nutritional intervention. Neither of these studies described how
compliance was determined.

Carli 2020 assessed compliance to the in-hospital programme and
self-reported adherence to the home-based programme through
a study diary. Mean adherence (SD) in the prehabilitation group
was 68% (38%) to the in-hospital programme and 80% (27%) to the
home-based programme.

7. Safety of prehabilitation interventions (dropouts, serious
adverse events)

Information was insuJicient to determine how many participants
dropped out of the prehabilitation programme. Included studies
did mention lost to follow-up of participants. No serious adverse
events were reported during the trial of Carli 2020. The other two
papers did not mention adverse events.

8. Return to normal activities as measured by PROMIS

No study reported on this outcome.

9. Emergency department visits postoperatively

The number of participants visiting the emergency department
within 30 days postoperatively were reported in included studies.
The results of the meta-analysis are in favour of prehabilitation with
a RR risk ratio of 0.72 (n = 250; RR of 0.72;  CI 0.39 to 1.32; P = 0.28;

I2= 0%; low-certainty evidence; Figure 8).
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Figure 8.   Emergency department visits Data for all patients included in the study of Carli 2020 were available for
analysis 1.3, 1.5 and 1.6, while data for a various number of patients are missing in analysis 1.1 and 1.4

Study or Subgroup

Bousquet-Dion 2018
Carli 2020
Gillis 2014

Total (95% CI)
Total events:
Heterogeneity: Chi² = 0.65, df = 2 (P = 0.72); I² = 0%
Test for overall effect: Z = 1.07 (P = 0.28)
Test for subgroup differences: Not applicable
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7
3
6
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130
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Events

5
6
9
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39
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Weight

28.3%
28.9%
42.8%

100.0%

Risk Ratio
M-H, Fixed, 95% CI

0.98 [0.35 , 2.76]
0.50 [0.13 , 1.90]
0.68 [0.27 , 1.74]

0.72 [0.39 , 1.32]

Risk Ratio
M-H, Fixed, 95% CI

0.01 0.1 1 10 100
Favours prehabilitation Favours control

 
The studies did not report a between-group diJerence regarding
the number of emergency department visits.

10. Re-admission rate

Re-admission rate within 30 days from surgery was expressed
in terms of the number of participants. This outcome favoured

control, with a RR ratio of 1.20 (n = 250; RR 1.20, 95% CI 0.54 to 2.65;

P = 0.65; I2= 43%; low-certainty evidence; Figure 9).

 

Figure 9.   Readmissions Data for all patients included in the study of Carli 2020 were available for analysis 1.3, 1.5
and 1.6, while data for a various number of patients are missing in analysis 1.1 and 1.4

Study or Subgroup

Bousquet-Dion 2018
Carli 2020
Gillis 2014

Total (95% CI)
Total events:
Heterogeneity: Chi² = 3.48, df = 2 (P = 0.18); I² = 43%
Test for overall effect: Z = 0.46 (P = 0.65)
Test for subgroup differences: Not applicable
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Risk Ratio
M-H, Fixed, 95% CI

7.82 [0.45 , 135.49]
0.40 [0.08 , 1.97]
1.23 [0.41 , 3.70]

1.20 [0.54 , 2.65]

Risk Ratio
M-H, Fixed, 95% CI

0.01 0.1 1 10 100
Favours prehabilitation Favours control

 
All three studies found no statistical diJerence between the
prehabilitation and control groups.

D I S C U S S I O N

Summary of main results

In the past two decades, the evidence on prehabilitation has
grown. There has been a shiK from an unimodal towards a
multimodal approach. Unfortunately, the evidence on multimodal
prehabilitation programmes prior to colorectal cancer surgery is
sparse, with only three RCTs meeting the inclusion criteria of the
current review. The RCTs analysed a total of 250 participants; 130
in the prehabilitation group and 120 in the control group. The
overall risk of bias was assessed to be high because at least one
domain in each included study was assessed to be at high risk
of bias. Functional capacity, determined with the 6MWT before
surgery, and four and eight weeks postoperatively, may improve
aKer prehabilitation. The eJects on complication rate, emergency
department visits and re-admission rates were small or even trivial.

Altogether, no decisive evidence was found, since the certainty of
evidence was rated moderate to very low due to serious risk of bias,
imprecision and inconsistency.

Overall completeness and applicability of evidence

To our knowledge, this is the first review assessing multimodal
prehabilitation programmes prior to resection for colorectal cancer.
Most systematic reviews published on prehabilitation were limited
due to studies including both heterogeneous study populations
and heterogeneous prehabilitation interventions. By focusing on
a specific population, namely non-metastatic colorectal cancer
patients undergoing surgery, we aimed for a homogeneous
population. Although, one of the included RCTs focused on a frail
population, all RCTs analysed participants with colorectal cancer.

The prehabilitation programmes studied in the included RCTs were
rather similar. However, regimens for the control groups diJered.
We included two studies that oJered a similar rehabilitation
programme in both groups, and only oJered the prehabilitation
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programme in the intervention group; thereby studying solely the
eJect of adding prehabilitation on the outcomes. The third study
compared a programme preoperatively in the intervention group to
a similar programme postoperatively in the control group. Ideally,
the perioperative care regimen would have been similar in both
groups within included trials.

Overall, included RCTs fairly addressed the aim and review question
of the current review. However, due to the limited number of
studies included and moderate to very low certainty of evidence of
this review, applicability of the evidence is limited.

Quality of the evidence

We used GRADE methods to determine the certainty of the evidence
for each outcome across all studies (Chapter 14, Higgins 2021).
Because the included studies were RCTs, the certainty of evidence
for all outcomes started as 'high'. Due to the high risk of bias,
the imprecision and inconsistency of eJect estimates, the small
number of included studies, and the high levels of statistical
heterogeneity, we downgraded the certainty of evidence for all
outcomes to 'moderate', 'low' or 'very low'.

Research with prehabilitation does not allow double-blinding
of the participants and personnel. In particular, not blinding
participants potentially aJects the results, since participants in the
control group who heard about a possible eJect of prehabilitation
may start to exercise themselves. Therefore, by definition, risk of
bias is high. This limits the certainty of evidence, although the RCTs
assessed were well-executed. This will not diJer in future updates
of this review, since it is not possible to blind participants to the
intervention. Blinding of all outcome assessments, and not only
the primary, as described in some of the included studies, could
improve overall risk of bias and certainty of the evidence.

Potential biases in the review process

As we conducted the current review according to Cochrane
guidelines, including a thorough and systematic search through
electronic databases, reference lists, and other resources, we can
conclude that we have a complete overview of the evidence
currently available. However, because prehabilitation is a rather
new term comprising of various (combinations of) interventions,
studies indexed diJerently or including interventions not
prespecified in our search could have been missed. Another
limitation is that both the number of studies and total amount
of included participants are small. We were therefore not able to
perform all prespecified analyses as described in the published
protocol of this review and have altered the outcomes and
analyses to complete the current review (e.g. analysed number
of complications instead of CD or CCI). In future updates, we aim
to complete the analyses according to the published Cochrane
protocol (Van Rooijen 2019b).

Agreements and disagreements with other studies or
reviews

As mentioned earlier, the eJects of multimodal prehabilitation
have previously been studied in two systematic reviews; however,
these did not include only participants with colorectal cancer
(Bolshinsky 2018; Luther 2018). Similar to our results, the
heterogeneity of included studies precluded the authors from
drawing firm conclusions.

In general, the evidence on the beneficial eJects of prehabilitation
is growing. At first, studies gathered evidence that prehabilitation
improved fitness (Li 2013; Mayo 2011). However, evidence
that increased fitness translates into reduced perioperative risk
and improved postoperative outcome was sparse. Since the
postoperative outcomes, e.g. length of stay, improved due to
implementation of ERAS, a further reduction could perhaps be
diJicult to achieve.

To date, several studies on prehabilitation in abdominal surgery
have been published.  Barberan-Garcia 2018  conducted an RCT
containing a prehabilitation programme consisting of motivational
interview, high-intensity endurance training, and promotion of
physical activity in participants undergoing major abdominal
surgery. The programme resulted in a 51% reduction in number
of participants having postoperative complications and a decrease
in the rate of complications per patient in the intervention
group (Barberan-Garcia 2018). Additionally, several systematic
reviews, including meta-analyses mainly focusing on unimodal
programmes, found that prehabilitation is associated with
significant lower rates of overall postoperative morbidity (Heger
2019; Hughes 2019; Kamarajah 2019; Moran 2016), pulmonary
(Heger 2019; Hughes 2019; Kamarajah 2019) and cardiac
complications (Kamarajah 2019). However, prehabilitation was
not associated with decreased surgical site infections (Kamarajah
2019), major complication rates (CD # Grade III) (Kamarajah 2019),
diminished length of hospital stay (Heger 2019; Hughes 2019;
Kamarajah 2019; Lau 2019), or mortality (Kamarajah 2019; Lau
2019).

Prehabilitation has been studied in other cancers as well. In
three recently published systematic reviews on preoperative
exercise in lung cancer patients, one including a meta-analysis,
a reduction was found in length of hospital stay and a decrease
in postoperative complication rates (Cavalheri 2017; Rosero 2019;
SteJens 2018). An RCT found that participants with colorectal
liver metastases seemed to gain a better physical fitness and
improved quality of life due to a four-week exercise programme
(Dunne 2016). Additionally, multimodal programmes have resulted
in physical improvement and decreased anxiety symptoms in
patients undergoing radical prostatectomy (Santa Mina 2018),
and faster postoperative recovery aKer surgery for bladder,
oesophagogastric, and lung cancer (Liu 2019; Minnella 2018b;
Minnella 2019b).

Prehabilitation could also be used prior to other treatment
modalities besides surgery, such as chemotherapy and/or
radiotherapy. Similarly to surgery, these are known stressors.
The REx trial studied a preoperative exercise programme prior
to and during long-course neoadjuvant chemoradiotherapy for
rectal cancer. The programme was deemed feasible without
compromising the planned treatment pathway. Both groups
deteriorated in daily walking expressed as steps per day. Though
not significantly, the prehabilitation group deteriorated less than
the control group (Moug 2019).

Finally, prehabilitation has also been studied in other populations.
In the trial conducted by Liang and colleagues, 118 obese
participants with a ventral hernia scheduled for surgical repair
were randomised to either multimodal prehabilitation or control.
Participants receiving prehabilitation had significantly lower
recurrence and complication rates compared to control (Liang
2018).
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Unfortunately, a common remark of nearly all systematic reviewers
is that definitive conclusions cannot be made due to the
heterogeneity of the included trials, and the low certainty of the
evidence (Bolshinsky 2018; Heger 2019; Hijazi 2017; Hughes 2019;
Kamarajah 2019; Luther 2018; Piraux 2018, Rosero 2019).

Future studies still have to decide which patients would benefit
most from multimodal prehabilitation. As mentioned previously,
patients are generally diagnosed with colorectal cancer at a
higher age. Comprehensive geriatric assessment could depict frail
patients, and with prehabilitation risk factors associated with
frailty, could be attenuated in order to improve the patient's
resilience. Recent guidelines have therefore already adapted
prehabilitation for this subgroup of patients (Papamichael 2015).

A U T H O R S '   C O N C L U S I O N S

Implications for practice

Prehabilitation may result in an improved functional capacity
determined with the 6-minute walk test both preoperatively and
postoperatively. Solid eJects on the number of complications,
emergency department visits and re-admissions could not be
established. The certainty of evidence ranges from moderate to
very low, due to serious risk of bias, imprecision and inconsistency.

Also, only three heterogeneous studies were included in this review.
Therefore, the current review was unable to find decisive evidence
for the benefits of multimodal prehabilitation in patients with
colorectal cancer undergoing surgery.

Implications for research

Many reviews discussed the heterogeneity of both programmes
and outcomes in prehabilitation studies. Future trials could assess
the current evidence and use similar prehabilitation interventions
and similar outcomes as described in the literature. Furthermore,
blinding should be applied for assessment of all outcomes to
decrease the risk of bias. To date, several trials are being conducted.
An update of this review aKer completion of those trials will
hopefully gather further evidence on multimodal prehabilitation
programmes for patients undergoing colorectal cancer surgery.
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Characteristics of included studies [ordered by study ID]

 

Study characteristics

Methods Design: parallel-arm single-blinded, single centre randomised controlled trial.

Setting: single tertiary care centre, Montreal, Quebec, Canada.

Recruitment: participants were enrolled from December 2013 to August 2015. Consecutive patients
scheduled for surgery were approached during the first consult to the surgeon. After consent, partic-
ipants started with a baseline assessment approximately four weeks before surgery. They were as-
sessed by a nutritionist, kinesiologist and psychology-trained research team member. By comput-
er-generated random numbers in sealed envelopes, patients were randomly assigned on a 1:1 ratio to
either PREHAB+ or REHAB.

Follow-up: follow-up was up to eight weeks postoperatively. Surgical care followed ERAS guidelines.

Blinding: outcome assessors of the primary outcome were blinded to group assignment.

Participants Screened: 88 patients

randomised: 80 patients

analysed: 63 patients

Inclusion criteria: adult patients with non-metastatic colorectal cancer resection.

Exclusion criteria: patients were ineligible in case of metastases, did not speak French or English, and/
or had a contraindication for exercise.

Baseline characteristics: median age in PREHAB+ group was 74 and 71 in the REHAB group. The majori-
ty was male, had a colonic resection and was operated laparoscopically in both groups.

Interventions The content of the multimodal programme was identical in both groups. However, the timing of the
start of the programme differed between groups.

PREHAB+ (n = 37): the home-based programme commenced immediately after baseline assessment. In
the pre-surgical period, patients attended an in-laboratory exercise session supervised by a kinesiolo-
gist. Period between baseline assessment and surgery was approximately four weeks. After surgery, pa-
tients resumed the programme, only without the supervised sessions for an additional eight weeks.

REHAB (n = 26): patients preoperatively received standard of care according to ERAS guidelines. Two
days before surgery, an eight weeks home-based post-surgical rehabilitation programme was pre-
scribed to the participants.

Exercise

Home-based exercise (both groups): whole body exercise prescription, following the guidelines of the
American College of Sports Medicine, individualised to participants' fitness level.

The intensity of aerobic exercise was based on rate of perceived exertion (using Borg scale) and the
6MWT results at baseline. Aerobic exercise consisted of walking, cycling or jogging and participants
were prescribed to perform 30 minutes of moderate intensity exercise (60-70% of maximum heart rate
calculated with Karvonen formula) three to four days per week.

Resistance exercises were based on eight repetitions maximum test. Participants were instructed to
perform three to four days per week up to two sets of 8-15 repetitions of resistance exercise, consisting
of eight exercises targeting major core, upper and lower limb muscle groups. Patients were provided
with an elastic resistance band.

Exercise intensity was evaluated and adjusted using the Borg scale.
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In-hospital supervised sessions (PREHAB+): supervised by a kinesiologist patients returned to the hos-
pital once a week to train for 30 minutes on a recumbent stepper or a standard treadmill, and to per-
form resistance exercises for 25 minutes.

In-hospital exercise (both groups): as soon as they were mobilised, patients were instructed to exercise.
The REHAB group was able to review the post-surgical programme. The PREHAB+ group recommenced
the programme.

Nutritional intervention

A registered dietitian provided nutritional counselling based on the nutritional status as determined
with the baseline assessment (SGA, NRS2002, 3-day food diary, assessment of macronutrient intake
and food choices). In case the participants did not meet the protein requirement of 1.2 g/kg of body
weight per day (ESPEN guidelines, requirement in surgical patients) by diet alone, whey protein sup-
plements were provided. Patients were instructed to ingest proteins within one hour of the exercise
training.

Mental intervention

A psychology trained member of the research team provided personalised techniques, such as relax-
ation and breathing exercises, to alleviate anxiety in a 60-minute session. Patients were asked to per-
form these techniques two to three times per week, using a compact disc with audio guidance. Further-
more, coping strategies were assessed.

Booklet

All patients received an information booklet, including a diary to record all activities.

Follow-up

Patients were contacted on a weekly basis, by telephone.

Outcomes Primary

Functional walking capacity as determined by the 6MWT at baseline, before surgery, and at four and
eight weeks postoperatively. A change of at least 20 metres was considered to be clinically meaning-
ful. The assessor used a standardized protocol and script and was blinded to group assignment. The re-
sults of the 6MWT were given in metres (mean, SD) per time point, per group as well as mean change
from baseline per time point, per group. The number of patients (n, %) who improved more or less than
20 metres were reported as well.

Secondary

Energy expenditure was determined using the Community Healthy Activity Model Programme for Se-
niors (CHAMPS) questionnaire and were interpreted using the recommendations by the American Can-
cer Society (ACS) guidelines. CHAMPS was measured at baseline, before surgery, and at four and eight
weeks postoperatively. The results were given in kcal/kg/week (median, IQR) per time point in both the
PREHAB+ and in the REHAB group. Additionally, the number of patients (n, %) was given who met the
ACS recommendations.

Body composition determined with anthropometric measurements (bioelectrical impedance analysis
and grip strength) are assessed at all four time points, however only the baseline results are presented.

Psychological status determined with the Hospital Anxiety and Depression Scale (HADS) was assessed
at four time points, however, only the baseline result is displayed.

Mean compliance with the programme is presented as % since the previous measurement in both
groups and is divided into compliance to the exercise and nutritional intervention.

Reported postoperative outcomes 30 days after surgery included length of hospital stay, complica-
tions, re-admissions and emergency department visits. Primary length of stay in the hospital and total
hospitalisation were presented as median and IQR for both groups. The number of emergency depart-
ment visits and re-admissions are presented for both groups. For these outcomes the intention-to-treat
analysis is displayed as well.
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Complications are presented as number and percentage of patients having at least one complication
within 30 days, the type of complications are specified and the grade of most severe complication is
given using the Clavien-Dindo classification.

Notes Trial registration number: NCT02586701

Funding source: this trial was funded by the Perioperative Programme Charitable Foundation and the
Montreal General Hospital Foundation.

No conflict of interest.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "...by computer-generated random numbers."

Comment: probably done

Allocation concealment
(selection bias)

Low risk Quote: "sealed envelopes"

Comment: probably done

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Quote: "...indicating that bias in the form of contamination is also possible."

Comment: No blinding. The authors discuss possible bias in the form of conta-
mination in the control group; the primary outcome improved before the reha-
bilitation programme started.

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Primary outcome: 6MWT

Quote: "The assessor...was blinded to group assignment"

Comment: probably done

Secondary outcomes

Comment: Insufficient information on secondary outcomes to permit judge-
ment of low or high risk.

Incomplete outcome data
(attrition bias)
All outcomes

High risk Comment: No intention-to-treat analysis is performed. Some patients where
lost to follow-up due to complications and are withdrawn from the analysis.
Complication rate is one of the outcomes of this article.

Selective reporting (re-
porting bias)

High risk Comment: the study protocol is not available and only the primary outcome is
included in the trial registration.

Other bias Unclear risk Comment: there is insufficient information to assess an other potential bias.

Bousquet-Dion 2018  (Continued)

 
 

Study characteristics

Methods Design: parallel-arm single-blinded, 2-site randomised controlled trial. 

Setting: two tertiary centres, Montreal, Quebec, Canada.

Recruitment: participants were enrolled from the 7th of September 2015 to the 19th of June 2019. Con-
secutive patients eligible for participation were screened for frailty. Eligible patients were randomised
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on a 1:1 ratio to receive either a 4-week prehabilitation programme (Prehab group) or a similar 4-week
postoperative rehabilitation programme (Rehab group). Both groups were assessed after randomisa-
tion by a kinesiologist, nutritionist and psychology-trained nurse.

Follow-up: follow-up was up to four weeks postoperatively. Surgical care followed ERAS guidelines.

Blinding: outcome assessors, surgeons and statisticians were blinded to group assignment.

Participants Screened: 418 patients

randomised: 120 patients

analysed: 110 patients

Inclusion criteria: frail patients older than 65 years of age, scheduled for surgical treatment of non-
metastatic colorectal cancer. Patients were considered frail when scores of the Fried Frailty Index were
≥2.

Exclusion criteria: patients were excluded in case of a Fried Frailty Index of 1, did not speak French or
English, had metastatic disease and/or had a contraindication for exercise.

Baseline characteristics: age in the Rehab group was higher (≥ 75 years of age: Prehab 32 (58.2%), Re-
hab 42 (76.4%) and patients had higher American Society of Anesthesiologists scores (ASA score of 3:
Prehab 33 (60.0%), Rehab 43 (78.2%). The majority had a colonic resection with a minimal invasive sur-
gical approach.

Interventions The content of the multimodal programme was identical in both groups. However, the timing of the
start of the programme differed between groups.

Prehab (n = 55): the personalised, home-based programme was prescribed by a kinesiologist, nutrition-
ist and psychology-trained nurse after the baseline visit. The programme continued for four weeks until
surgery; no postoperative programme. 

Rehab (n = 55): baseline assessment was similar. The patients were prescribed an identical, person-
alised home-based programme. However, the programme started postoperatively after discharge from
the hospital and continued for four weeks. Patients were informed about the programme only a few
days before surgery.

Exercise

Home-based exercise (both groups): a personalised home-based programme was prescribed contain-
ing aerobic activities (moderate-intensity, 30-minute daily walk) and resistance training (three times
per week elastic band routine). Guidelines of the American College of Sports Medicine were followed.

In-hospital supervised sessions (both groups): once a week patients performed an in-hospital training
session supervised by a trained kinesiologist. The training sessions consisted of a 30-minute moder-
ate-intensity exercise on a recumbent stepper (including a 5-minute warming up), a 25-minute resis-
tance exercise using an elastic band, and five minutes of stretching.

Details of the programme were similar to Bousquet-Dion 2018. 

Nutritional intervention

Nutritional status was determined by a registered dietitian using a 3-day food diary, the SGA, an-
d assessment of macronutrient intake and food choices. Dietary advices were provided together with
counselling on caloric balance, bowel movement regularity, and glycaemic control. In case the patient
did not meet a daily protein intake of 1.5g/kg of body weight (ESPEN guidelines), whey protein supple-
mentation was prescribed and patients were instructed to ingest the supplementation within one hour
of the exercise.

Mental intervention

The psychological intervention focused on perioperative fatigue, anxiety, and depression. A psychol-
ogy-trained nurse provided personalised coping strategies together with a compact disc containing

Carli 2020  (Continued)
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instructions for guidance with the home-based exercises. counselling regarding smoking and alcohol
cessation was included in the consult and when indicated, nicotine replacement therapy was offered.

Booklet

All patients received an instructional booklet, including a diary to record daily activities.

Follow-up

Patients were contacted on a weekly basis, by telephone, to report adherence to the home-based pro-
gramme.

Outcomes Primary

Postoperative complications within 30 days postoperatively was the primary outcome. Complication
rate was expressed as mean and median CCI. Furthermore, the number and percentages of patients
having a complication scored with Clavien-Dindo grade was displayed, together with the number and
percentages of severe complications (definition of severe not specified).

Secondary

Reported postoperative outcomes 30 days after surgery included length of hospital stay, re-admissions
and emergency department visits. Primary length of stay in the hospital and total hospitalisation were
presented as median and IQR for both groups. The number of emergency department visits and re-ad-
missions are presented for both groups as numbers (%). 

The following outcomes were assessed at baseline, before surgery, and four weeks after surgery:

- 6MWT. Results were given in metres (mean, SD) and number of patients (n, %) who improved their
scores preoperatively compared to baseline, and number of patients who recovered to their baseline
score four weeks after surgery. A change of at least 20 metres was considered to be clinically meaning-
ful.

- Energy expenditure was determined using the Community Healthy Activity Model Programme for Se-
niors (CHAMPS) questionnaire. The results were given in kcal/kg/week (median, IQR) per time point in
both groups. The results were dichotomised to light and moderate-vigorous energy expenditure.

- SF-36-scores were presented as the total physical and total mental subscales (mean, SD) for all three
time points.

- Anxiety and depression symptoms were assessed using HADS and were expressed as median with IQR
for all three time points. 

- Mean compliance with the programme is presented as % for both groups. Both compliance to the in-
hospital training sessions and the self-reported compliance to the home-based exercises. 

Notes Trial registration number: NCT02502760

Funding source: this trial was funded by a research grant from the Peri Operative Program charitable
foundation and a peer-reviewed grant from the Rossy Cancer Network.

Conflict of interest: Dr. Carli reported the grant from the Rossy Cancer Network. Dr. Liberman reported
nonfinancial support from Servier Laboratories and personal fees from Ipsen, Merck & Co, and Pfizer,
Inc.

The sponsors had no role in the trial.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "...achieved via computer-generated random numbers..."

Carli 2020  (Continued)

Prehabilitation versus no prehabilitation to improve functional capacity, reduce postoperative complications and improve quality of life
in colorectal cancer surgery (Review)

Copyright © 2023 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

31



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Comment: probably done

Allocation concealment
(selection bias)

Low risk Quote: "...placed in sealed, opaque, consecutively numbered envelopes"

Comment: probably done

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Quote: "...nature of the intervention, it was not possible to blind patients or in-
tervention staJ"

Comment: No blinding. The authors did try to minimise performance bias;
they did not present one of the programmes as potentially superior to the oth-
er. 

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Quote: "Outcome assessors, surgeons and statisticians were blinded to group
assignment."

Comment: probably done

Incomplete outcome data
(attrition bias)
All outcomes

High risk Comment: protocol published as supplementary material. Sample size per
group differs between protocol and article. Not all randomised patients were
included in the intention-to-treat analysis (reasons for dropout were men-
tioned). 

Selective reporting (re-
porting bias)

Low risk Comment: protocol available in supplementary material. All outcomes dis-
cussed.

Other bias Unclear risk Comment: there is insufficient information to assess an other potential bias.

Carli 2020  (Continued)

 
 

Study characteristics

Methods Design: parallel-arm single-blind single centre superiority randomised controlled trial.

Setting: single university-affiliated tertiary care centre, Montreal, Quebec, Canada.

Recruitment: participants were enrolled between November 2011 and March 2013. Consecutive pa-
tients scheduled for surgery were approached during the first office visit to the surgeon. After consent,
approximately four weeks prior to surgery, participants underwent baseline assessment containing
medical examination, baseline questionnaires, biochemical, functional and anthropometric measure-
ments. Baseline assessment was performed by a kinesiologist, dietitian and psychologist. Consequent-
ly, patients were randomly assigned by computer-generated random numbers on a 1:1 ratio, without
stratification. Sequentially numbered sealed envelopes concealed group allocation.

Follow-up: follow-up was up to eight weeks postoperatively. Perioperative care followed ERAS guide-
lines.

Blinding: the team member conducting the measurements was not aware of group allocation.

Participants Screened: 106 patients

randomised: 89 patients

analysed: 77 patients

Inclusion criteria: adult patients with non-metastatic colorectal cancer resection.

Exclusion criteria: patients were ineligible if they did not speak French or English, and/or had a con-
traindication for exercise.

Gillis 2014 
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Baseline characteristics: mean age in prehabilitation group was 65.7 and 66 in the rehabilitation group.
The majority was male, had a colonic resection and was operated laparoscopically in both groups.

Interventions The content of the multimodal programme was identical in both groups. However, the timing of the
start of the programme differed between groups.

Prehabilitation (n = 38): the home-based programme commenced immediately after baseline assess-
ment. Period between baseline assessment and surgery was approximately four weeks. After surgery,
patients resumed the programme for an additional eight weeks.

Rehabilitation (n = 39): patients preoperatively received standard of care according to ERAS guidelines.
Within one week prior to surgery, the baseline assessment was performed and patients were instructed
to start the programme at home after surgery; an eight weeks home-based post-surgical rehabilitation
programme.

Exercise

Prescribed by a certified kinesiologist. Patients demonstrated the exercises and the kinesiologist pro-
vided feedback as necessary.

Home-based exercise (both groups): total body exercise of 50 minutes three times per week, following
the guidelines of the American College of Sports Medicine, alternating between aerobic and resistance
training and individualised to participants' fitness level.

The intensity of aerobic exercise was based on rate of perceived exertion (using Borg scale) and the
6MWT results at baseline. The Karvonen formula was used to determine the heart rate to achieve the
prescribed intensity. Aerobic exercise consisted of 20 minutes walking, jogging, cycling or swimming af-
ter a 5-minute warm-up.

Resistance exercises consisted of 20 minutes of eight exercises targeting major muscle groups at an in-
tensity of 8-12 repetitions maximum.

Exercise intensity was evaluated and adjusted using the Borg scale and the number of completed repe-
titions.

Nutritional intervention

A registered dietitian provided nutritional counselling based on the nutritional status as determined
with the baseline assessment (3-day food diary, assessment of macronutrient intake and food choices).
Protein requirements were calculated as 1.2 g/kg of body weight per day (ESPEN guidelines, require-
ment in surgical patients). All patients received whey protein supplements in a quantity that matched
the estimated dietary deficit. Patients were instructed to ingest proteins within one hour of the exercise
regimen.

Mental intervention

All participants visited a psychologist for up to 60 minutes. The psychologist provided anxiety reducing
techniques, such as relaxation and breathing exercises guided by audio provided on a compact disc.
Furthermore, motivation enhancing suggestions were given to comply with the programme.

Booklet

All patients received an information booklet, including a diary to record all activities.

Follow-up

Patients were contacted on a weekly basis, by telephone.

Outcomes Primary

Functional walking capacity as determined by the 6MWT eight weeks postoperatively. A change of at
least 20 metres was considered to be clinically meaningful. The 6MWT was conducted at baseline, be-
fore surgery, and at four and eight weeks postoperatively. The assessor was blinded to group assign-
ment. The results of the 6MWT are given in mean change from baseline in metres (mean, SD) before

Gillis 2014  (Continued)
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surgery and eight weeks postoperatively for both groups. The number and percentage of patients who
deteriorated, had no change or improved compared to baseline are provided as well.

Secondary

Self-reported physical activity was determined using the Community Healthy Activity Model Pro-
gramme for Seniors (CHAMPS) questionnaire and expressed as energy expenditure (kcal/kg per week).
This outcome is presented as mean plus SD per time point for both groups.

Health-related quality of life was determined using the 36-Item Short Form (SF-36) Survey and is dis-
played as mean plus SD per subscale per time point for both groups.

Anxiety and depression was assessed using the Hospital Anxiety and Depression Scale (HADS). Mean
plus SD is presented for anxiety and depression subscales separately, for both groups.

These outcomes were determined at baseline, before surgery, and four and eight weeks after surgery.

Mean compliance with the programme is presented as % since the previous measurement in both
groups.

Complication rates are presented as number and percentages of patients having at least one complica-
tion within 30 days, the type of complications are specified and the grade of most severe complication
is given using the Clavien-Dindo classification.

Primary length of stay in the hospital and total hospitalisation are presented as median and IQR for
both groups. The number of emergency department visits and re-admissions are presented for both
groups.

Notes Trial registration number: NCT01356264

Funding source: no information available.

No conflict of interest.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "...by computer-generated random numbers."

Comment: probably done

Allocation concealment
(selection bias)

Low risk Quote: "Group allocation was concealed using sequentially numbered sealed
envelopes."

Comment: probably done

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Quote: "...including the potential bias that ensues from not being able to blind
patients to group assignment."

Comment: No blinding. The authors discuss the potential bias arising from not
being able to blind the participants.

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Primary outcome: 6MWT

Quote: "...was conducted ... by an assessor blinded to group assignment."

Comment: probably done

Secondary outcomes

Comment: Insufficient information on secondary outcomes to permit judge-
ment of low or high risk.

Gillis 2014  (Continued)
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Incomplete outcome data
(attrition bias)
All outcomes

High risk Comment: reasons for lost to follow were not clarified. Those patients were
not included in the analyses and therefore an intention-to-treat analysis was
not applied.

Selective reporting (re-
porting bias)

Low risk Comment: the study protocol is not available, however, all prespecified out-
comes included in the trial registration are reported in the publication.

Other bias Unclear risk Comment: there is insufficient information to assess an other potential bias.

Gillis 2014  (Continued)

 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Awasthi 2019 Meta-analysis, including prehabilitation data only (no control)

Barrett-Bernstein 2019 Meta-analysis, including non-randomised cohort data

Bruns 2019 Non-randomised design

Chen 2017 Meta-analysis of two studies already included in this review, no new data to assess the outcomes of
this review

Fulop 2021 Included colorectal surgery in general. Colorectal cancer patients not described separately in
analysis.

Gillis 2016 Unimodal prehabilitation

Gillis 2019 Meta-analysis of two studies already included in this review, no new data to assess the outcomes of
this review

Karlsson 2019 Unimodal prehabilitation

Klinkhammer-Schalke 2020 Programme initiated after surgery.

Lim 2019 Non-randomised design

Minnella 2016 Meta-analysis, including non-randomised cohort data

Minnella 2017 Meta-analysis, including non-randomised cohort data

Minnella 2020 Comparison of two prehabilitation programmes, no control group.

Moug 2019 Unimodal prehabilitation

Ommundsen 2017 No structured intervention programme, multimodal programme not guaranteed

Onerup 2017 Protocol publication of an unimodal programme

Trépanier 2019 Meta-analysis, including non-randomised cohort data

Zhang 2014 Postoperative intervention
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Characteristics of studies awaiting classification [ordered by study ID]

 

Methods Single-blinded, parallel-arm randomised controlled trial

Participants Patients with colon cancer requiring surgery, more than 40 years of age with frailty phenotype cri-
teria <3 (n = 70)

Interventions Pre and postoperative tele-supervised rehabilitation vs tele-supervised rehabilitation postopera-
tively

Outcomes Cardiorespiratory fitness assessed with 6MWT, muscle strength measured with dynamometer,
muscle endurance determined with 1-minute sit-to-stand test, QoL assessed with Euroqol-5D-3L
(EQ-5D-3L) questionnaire, fatigue using Functional Assessment of Cancer Therapy: Fatigue ques-
tionnaire, physical activity assessed with International Physical Activity Questionnaire Short
Form, executive functions using Trail Making test and Fluency test. Weight, lean body mass and fat
body mass are measured with bioelectrical impedance analysis (BIA). Energy expenditure using
Sensewear armband. A blood test is used to measure fasting glucose, fasting insulin, cholesterol,
neutrophil/lymphocyte, C-reactive protein. Adherence expressed as the number of sessions com-
pleted.

Notes  

NCT03096951 

Study completion date October 2019
 

Characteristics of ongoing studies [ordered by study ID]

 

Study name Prehabilitation before surgery in colorectal cancer with improved fast track rehabilitation: part 2

Methods Single-blinded, parallel-arm randomised controlled trial

Participants Patients with colon cancer requiring surgery, more than 65 years of age with Frailty phenotype cri-
teria #3 (n = 40)

Interventions Four weeks of tele-supervised prehabilitation vs usual care

Outcomes Cardiorespiratory fitness assessed with 6MWT, muscle strength measured with dynamometer,
muscle endurance determined with 1-minute sit-to-stand test, QoL assessed with Euroqol-5D-3L
(EQ-5D-3L) questionnaire, fatigue using Functional Assessment of Cancer Therapy: Fatigue ques-
tionnaire, physical activity assessed with International Physical Activity Questionnaire Short
Form, executive functions using Trail Making test and Fluency test. Weight, lean body mass and fat
body mass are measured with bioelectrical impedance analysis (BIA). Energy expenditure using
Sensewear armband. A blood test is used to measure fasting glucose, fasting insulin, cholesterol,
neutrophil/lymphocyte, C-reactive protein. Adherence expressed as the number of sessions com-
pleted.

Starting date April 2017

Contact information Gilles Caty, gilles.caty@uclouvain.be & Elise Piraux, elise.piraux@uclouvain.be

Notes  

NCT03097224 
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Study name Fit for Surgery. Multimodal Prehabilitation in Colorectal Cancer Patients

Methods Single-blinded, parallel-arm randomised controlled trial

Participants Patients with non-metastatic colorectal cancer and WHO performance status I and II (n = 48)

Interventions Intervention consists of a multimodal programme: supervised high-intensity interval and strength
training, nutritional counselling, protein and vitamin supplements, relaxation strategies, smoking
cessation programme.

Outcomes Quality of recovery 15, change in physical fitness pre-surgery expressed as VO2 max, complications
within 30 days after surgery expressed as the CCI, and change in immunological function (serum
and tissue). pre-surgery, four, eight and 52 weeks after surgery: quality of life (EORTC  QLQ-C30,
EORTC QLQ-C29, SF-36), depression (PHQ-9), anxiety (GAD-7). pre-surgery and four and eight weeks
postoperatively: physical function determined with 6MWT, sit-to-stand test, stair climb test, leg ex-
tension test and handgrip strength, and nutritional status. Remission and cancer free survival until
five years follow-up. 

Starting date May 2019

Contact information Ramus D Bojesen, rasmus.bojesen@gmail.com

Notes  

NCT04167436 

 
 

Study name Long Term Effect of Trimodal Prehabilitation Compared to ERAS in Colorectal Cancer Surgery

Methods Double-blinded, parallel-arm randomised controlled trial (2:1)

Participants Patients with colorectal cancer requiring surgery (n = 500)

Interventions Trimodal prehabilitation and ERAS vs ERAS and nutritional prehabilitation

Outcomes Length of hospital stay, number of days on intensive care unit, morbidity (Clavien-Dindo) after
7 and 30 days, and 30 and 90-day mortality. Preoperative functional status determined with the
6MWT and forced vital capacity pre-surgery, and four and eight weeks postoperatively. Change in
diversity of fecal microbiota.

Starting date September 2020

Contact information Balazs Banky, bankybalazs@tatabanyakorhaz.hu & Andris Fulop, fulop.andras2@gmail.com

Notes  

NCT04595604 

 
 

Study name Multimodal prehabilitation in colorectal cancer patients to improve functional capacity and lower
postoperative complications

Methods Unblinded, parallel-arm randomised controlled trial

NL5784 
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Participants Adult patients with non-metastatic colorectal cancer undergoing surgery

Interventions Intervention consist of a multimodal programme: supervised high-intensity interval training and
strength training, nutritional counselling, protein and vitamin supplements, relaxation strategies,
smoking cessation programme.

Outcomes Postoperative complications within 30 days expressed as CCI, functional capacity measured with
6MWT, stair climb test, sit-to-stand test and CPET, strength measured with indirect 1 repetition
measures (1-RM) and hand grip strength, HRQoL measured with EORTC QLQ-C30 and -CR29, SF-26,
depression and anxiety measured with GAD-7 and PHQ-9 questionnaires. Physical activity level
measured through activity questionnaire, nutritional status determined with PG-SGA and measure-
ments of skin folds and circumferences, compliance rate, length of hospital stay, and costs.

Starting date October 2016

Contact information Gerrit Slooter, +31408886230

Notes  

NL5784  (Continued)

 

 

D A T A   A N D   A N A L Y S E S

 

Comparison 1.   Prehabilitation versus control

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1.1 6MWT four weeks postop-
eratively

2 131 Mean Difference (IV, Fixed, 95%
CI)

26.02 [-13.81, 65.85]

1.2 6MWT eight weeks postop-
eratively

2 140 Mean Difference (IV, Random,
95% CI)

26.58 [-8.88, 62.04]

1.3 Number of patients with
complication

3 250 Risk Ratio (M-H, Fixed, 95% CI) 0.95 [0.70, 1.29]

1.4 6MWT presurgery 3 225 Mean Difference (IV, Fixed, 95%
CI)

24.91 [11.24, 38.57]

1.5 Emergency department
visits

3 250 Risk Ratio (M-H, Fixed, 95% CI) 0.72 [0.39, 1.32]

1.6 Re-admissions 3 250 Risk Ratio (M-H, Fixed, 95% CI) 1.20 [0.54, 2.65]
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Analysis 1.1.   Comparison 1: Prehabilitation versus control, Outcome 1: 6MWT four weeks postoperatively

Study or Subgroup

Bousquet-Dion 2018
Carli 2020

Total (95% CI)
Heterogeneity: Chi² = 1.71, df = 1 (P = 0.19); I² = 41%
Test for overall effect: Z = 1.28 (P = 0.20)
Test for subgroup differences: Not applicable

Prehabilitation
Mean

441
336.4

SD

120
121.8

Total

37
38

75

Control
Mean

444
286.1

SD

116
105.1

Total

26
30

56

Weight

45.6%
54.4%

100.0%

Mean Difference
IV, Fixed, 95% CI

-3.00 [-62.02 , 56.02]
50.30 [-3.68 , 104.28]

26.02 [-13.81 , 65.85]

Mean Difference
IV, Fixed, 95% CI

-100 -50 0 50 100
Favours control Favours prehabilitation

 
 

Analysis 1.2.   Comparison 1: Prehabilitation versus control, Outcome 2: 6MWT eight weeks postoperatively

Study or Subgroup

Bousquet-Dion 2018
Gillis 2014

Total (95% CI)
Heterogeneity: Tau² = 428.12; Chi² = 2.89, df = 1 (P = 0.09); I² = 65%
Test for overall effect: Z = 1.47 (P = 0.14)
Test for subgroup differences: Not applicable

Prehabilitation
Mean

20
23.4

SD

54
54.8

Total

37
38

75

Control
Mean

11
-21.8

SD

58
80.7

Total

26
39

65

Weight

51.4%
48.6%

100.0%

Mean Difference
IV, Random, 95% CI

9.00 [-19.28 , 37.28]
45.20 [14.46 , 75.94]

26.58 [-8.88 , 62.04]

Mean Difference
IV, Random, 95% CI

-100 -50 0 50 100
Favours control Favours prehabilitation

 
 

Analysis 1.3.   Comparison 1: Prehabilitation versus control, Outcome 3: Number of patients with complication

Study or Subgroup

Bousquet-Dion 2018
Carli 2020
Gillis 2014

Total (95% CI)
Total events:
Heterogeneity: Chi² = 1.38, df = 2 (P = 0.50); I² = 0%
Test for overall effect: Z = 0.32 (P = 0.75)
Test for subgroup differences: Not applicable

Prehabilitation
Events

14
25
12

51

Total

37
55
38

130

Control
Events

8
25
17

50

Total

26
55
39

120

Weight

18.4%
48.9%
32.8%

100.0%

Risk Ratio
M-H, Fixed, 95% CI

1.23 [0.61 , 2.50]
1.00 [0.66 , 1.51]
0.72 [0.40 , 1.31]

0.95 [0.70 , 1.29]

Risk Ratio
M-H, Fixed, 95% CI

0.01 0.1 1 10 100
Favours prehabilitation Favours control

 
 

Analysis 1.4.   Comparison 1: Prehabilitation versus control, Outcome 4: 6MWT presurgery

Study or Subgroup

Bousquet-Dion 2018
Carli 2020
Gillis 2014

Total (95% CI)
Heterogeneity: Chi² = 4.41, df = 2 (P = 0.11); I² = 55%
Test for overall effect: Z = 3.57 (P = 0.0004)
Test for subgroup differences: Not applicable

Prehabilitation
Mean

21
346.1
25.2

SD

47
117.8
50.2

Total

37
47
38

122

Control
Mean

10
315.8
-16.4

SD

30
107.5

46

Total

26
38
39

103

Weight

51.6%
8.1%

40.3%

100.0%

Mean Difference
IV, Fixed, 95% CI

11.00 [-8.03 , 30.03]
30.30 [-17.68 , 78.28]
41.60 [20.08 , 63.12]

24.91 [11.24 , 38.57]

Mean Difference
IV, Fixed, 95% CI

-100 -50 0 50 100
Favours control Favours prehabilitation
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Analysis 1.5.   Comparison 1: Prehabilitation versus control, Outcome 5: Emergency department visits

Study or Subgroup

Bousquet-Dion 2018
Carli 2020
Gillis 2014

Total (95% CI)
Total events:
Heterogeneity: Chi² = 0.65, df = 2 (P = 0.72); I² = 0%
Test for overall effect: Z = 1.07 (P = 0.28)
Test for subgroup differences: Not applicable

Prehabilitation
Events

7
3
6

16

Total

37
55
38

130

Control
Events

5
6
9

20

Total

26
55
39

120

Weight

28.3%
28.9%
42.8%

100.0%

Risk Ratio
M-H, Fixed, 95% CI

0.98 [0.35 , 2.76]
0.50 [0.13 , 1.90]
0.68 [0.27 , 1.74]

0.72 [0.39 , 1.32]

Risk Ratio
M-H, Fixed, 95% CI

0.01 0.1 1 10 100
Favours prehabilitation Favours control

 
 

Analysis 1.6.   Comparison 1: Prehabilitation versus control, Outcome 6: Re-admissions

Study or Subgroup

Bousquet-Dion 2018
Carli 2020
Gillis 2014

Total (95% CI)
Total events:
Heterogeneity: Chi² = 3.48, df = 2 (P = 0.18); I² = 43%
Test for overall effect: Z = 0.46 (P = 0.65)
Test for subgroup differences: Not applicable

Prehabilitation
Events

5
2
6

13

Total

37
55
38

130

Control
Events

0
5
5

10

Total

26
55
39

120

Weight

5.6%
47.5%
46.9%

100.0%

Risk Ratio
M-H, Fixed, 95% CI

7.82 [0.45 , 135.49]
0.40 [0.08 , 1.97]
1.23 [0.41 , 3.70]

1.20 [0.54 , 2.65]

Risk Ratio
M-H, Fixed, 95% CI

0.01 0.1 1 10 100
Favours prehabilitation Favours control

 

 

A D D I T I O N A L   T A B L E S
 

  Gillis 2014 Bousquet-Dion 2018 Carli 2020

 Exercise  General:

• home-based

• 50-minute sessions

• at least 3 days per week

Aerobic:

• 20 minutes walking/ cy-
cling/ jogging, or  swim-
ming

• intensity: moderate, start-
ed at 40% of heart rate re-
serve

Resistance:

• eight exercises for major
muscle groups using resis-
tance bands

General:

• home-based

• once a week supervised session

• 60-minute sessions

• 3-4 days per week

Aerobic:

• home-based: 30 minutes walk-
ing, jogging, or cycling

• Supervised: 30 minutes recum-
bent stepper/ treadmill

• intensity: moderate, 60-70%
maximal heart rate

Resistance:

• eight exercises for major muscle
groups using resistance bands

General:

• home-based

• once a week supervised session

• aerobic: daily, 30-minute sessions

• resistance: 3 days per week, 25-
minute sessions

Aerobic:

• home based: 30-minute daily walk

• Supervised: 30 minutes recumbent
stepper

• intensity: moderate,  60-70% maxi-
mal heart rate

Resistance:

• eight exercises for major muscle
groups using resistance bands

Table 1.   Multimodal prehabilitation programmes 
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• intensity: 8-12 repetitions
maximal

• intensity: 8-15 repetitions maxi-
mal

• intensity: 8-15 repetitions maximal

 Nutrition • extensive nutritional coun-
selling

• target protein intake: 1.2
grams per kilogram body
weight

• whey protein supplemen-
tation, ingested within 1
hour of exercise regimen

• extensive nutritional coun-
selling

• target protein intake: 1.2 grams
per kilogram body weight

• whey protein supplementa-
tion when protein require-
ments were not met by intake
alone;  ingested within 1 hour of
exercise regimen

• extensive nutritional counselling

• target protein intake: 1.5 grams per
kilogram body weight

• whey protein supplementation
when protein requirements were not
met by intake alone;  ingested within
1 hour of exercise regimen

Mental health • 60-minute consult psy-
chologist

• coping strategies, anxiety
reducing techniques

• compact disc with instruc-
tions provided

• motivational advices

• 60-minute consult psycholo-
gy-trained member of research
team

• coping strategies, anxiety re-
ducing techniques

• compact disc with instructions
provided

• assessment by psychology-trained
nurse

• coping strategies focusing on anxi-
ety, depression, and fatigue

• compact disc with instructions pro-
vided

• counselling regarding  smoking
and alcohol cessation

Table 1.   Multimodal prehabilitation programmes  (Continued)

This programme was being oJered to the patients in the prehabilitation group four weeks preoperatively in  Bousquet-Dion
2018, Carli 2020, and Gillis 2014. In Bousquet-Dion 2018 and Gillis 2014 patients resumed this programme in the prehabilitation group
postoperatively until eight weeks aKer surgery (minus the supervised sessions in Bousquet-Dion 2018). The programme did not continue
postoperatively in Carli 2020.
The rehabilitation or control group did not follow a preoperative programme. Subjects started this identical, postsurgical rehabilitation
programme until eight weeks postoperatively inBousquet-Dion 2018 and Gillis 2014, and until four weeks aKer surgery in Carli 2020.
 

 

A P P E N D I C E S

Appendix 1. CENTRAL search strategy

#1 ("colorectal neoplasm*" or ((neoplasm* or carcinoma* or tumour* or tumor* or cancer or oncol* or malignan* or carcinogen* or
oncogen*) and (colorectal or colon* or rectal*))):ti,ab,kw

#2 surger* or "operative surgical procedure*" or surgeon* or "perioperative period" or "perioperative care" or "preoperative care" or
surgical* or operation* or operative* or perioperati* or preoperati* or pre operati* or peri operati* or anesthe* or anaethe* or incisi* or
excisi* or invasive* or prehab*

#3 ((exercise* and therap*) or "physical education and training" or "exercise movement technique*" or "remedial exercis*" or
"rehabilitation exercis*" or exercis* or "physical activit*" or "physical exercis*" or "aerobic exercis*" or "exercise training" or "isometric
exercis*"))

#4 ((Psychosocial or psychologic* or "cognitive behavioral therap*" or "cognitive behav*" or "cognitive psychotherap*" or psychoeducation
or "psycho education" or (cogniti* and therap*))

#5 "nutrition therap*" or "nutritional status" or "medical nutrition therap*" or "nutrition therap*" or nutrition

#6 "smoking cessation*" or "smoking" or "tobacco use cessation" or "stopping smoking" or "giving up smoking" or "quitting smoking" or
smoking or "smoking behav*" or "smoking habit*" or "tobacco cessation"

#7 #1 AND #2

#8 #7 AND (#3 or #4 or #5 or #6)

Of which 334 Cochrane Review Matches
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Appendix 2. MEDLINE search strategy

# 1 Search ((("Colorectal Neoplasms"[Mesh] OR ((“Neoplasms”[Mesh] OR carcinoma*[tiab] OR neoplas*[tiab] OR tumour*[tiab] OR
tumor*[tiab] OR cancer*[tiab] OR cancer[sb] OR oncolog*[tiab] OR malignan*[tiab] OR carcinogen*[tiab] OR oncogen*[tiab] AND
(colorectal*[tiab] OR colon*[tiab] OR rectal*[tiab])))))

# 2 Search "surgery"[Subheading] OR "Surgical Procedures, Operative"[Mesh] OR "Surgeons"[Mesh] OR "Perioperative Period"[Mesh]
OR "Perioperative Care"[Mesh] OR "Preoperative Care"[Mesh] OR "Perioperative Care"[Mesh:NoExp] OR surger*[tiab] OR surgical*[tiab]
OR surgeon*[tiab] OR operation*[tiab] OR operative*[tiab] OR perioperati*[tiab] OR preoperati*[tiab] OR pre operati*[tiab] OR peri
operati*[tiab] OR anesthe*[tiab] OR anaesthe*[tiab] OR incisi*[tiab] OR excisi*[tiab] OR invasive*[tiab] OR Prehab*[tiab]

#3 Search (#1 AND #2)

#4 Search "Exercise Therapy"[Mesh] OR "Exercise"[Mesh] OR "Physical Education and Training"[Mesh] OR "Exercise Movement
Techniques"[Mesh] OR remedial exercis*[tiab] OR exercise therap*[tiab] OR rehabilitation exercis*[tiab] OR exercis*[tiab] OR physical
activit*[tiab] OR physical exercis*[tiab] OR aerobic exercis*[tiab] OR exercise training*[tiab] OR isometric exercis*[tiab] OR (Physical
Education*[tiab] AND training) OR exercise movement Techni*[tiab]

#5 Search (Psychosocial[tiab] OR psychologic*[tiab] OR "Cognitive Behavioral Therapy"[Mesh] OR cognitive behav*[tiab] OR cognitive
psychotherap*[tiab] OR (cogniti*[tiab] AND therap*[tiab]) OR psychoeducation[tiab] OR psycho-education[tiab])

#6 Search "Nutrition Therapy"[Mesh] OR "Nutritional Status"[Mesh] OR medical nutrition therap*[tiab] OR nutrition therap*[tiab] OR
nutrition[tiab]

#7 Search "Smoking Cessation"[Mesh] OR “Smoking”[Mesh] OR "Tobacco Use Cessation"[Mesh] OR stopping smoking[tiab] OR smoking
cessation*[tiab] OR giving up smoking*[tiab] OR quitting smoking[tiab] smoking[tiab] OR smoking behav*[tiab] OR smoking habit*[tiab]
OR tobacco cessation[tiab]

#8 Search #3 AND #4

#9 Search #3 AND #5

#10 Search # 3 AND #6

#11 Search #3 AND #7

Appendix 3. Embase search strategy

#1 exp colorectal tumor/

#2 exp neoplasm/

#3 (carcinoma* or neoplasm* or tumour* or tumor* or cancer* or oncolog* or malignan* or carcinogen* or oncogen*).ab,ti.

#4 2 or 3

#5 (colorectal* or colon* or rectal*).ab,ti.

#6 4 and 5

#7 1 or 6

#8 exp surgery/

#9 exp surgeon/

#10 exp perioperative period/

#11 exp preoperative period/

#12 (surger* or surgical* or surgeon* or operation* or operative* or perioperati* or preoperati* or pre operati* or peri operati* or anesthe*
or anaesthe* or incisi* or excisi* or invasive* or Prehab*).ab,ti.

#13 8 or 9 or 10 or 11 or 12

#14 (remedial exercis* or exercise therap* or rehabilitation exercis* or exercis* or physical activit* or physical exercis* or aerobic exercis*
or exercise training* or isometric exercis* or exercise movement techni*).ab,ti.
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#15 exp kinesiotherapy/

#16 14 or 15

#17 7 and 13 and 16

#18 exp diet therapy/

#19 exp nutritional status/

#20 (medical nutrition therap* or nutrition therap* or nutrition).ab,ti.

#21 18 or 19 or 20

#22 7 and 13 and 21

#23 exp cognitive behavioral therapy/

#24 (Psychosocial or psychologic* or cognitive behav* or cognitive psychotherap* or psychoeducation or psycho-education).ab,ti.

#25 (cogniti* and therap*).ab,ti.

#26 23 or 24 or 25

#27 7 and 13 and 26

#28 exp smoking cessation/

#29 exp smoking/

#30 (stopping smoking or smoking cessation* or giving up smoking* or quitting smoking or smoking or smoking behav* or smoking habit*
or tobacco cessation).ab,ti.

#31 28 or 29 or 30

#32 7 and 13 and 31

Appendix 4. PsycINFO search strategy

S1 DE "Neoplasms"
S2 TI colorectal cancer* OR AB colorectal cancer*
S3 DE "Surgery"
S4 TI surger* OR AB surger*
S5 S1 OR S2
S6 S3 OR S4
S7 S5 AND S6
S8 DE "Psychosocial Rehabilitation"
S9 TI psychosocial OR TI psychologic* OR TI psychotherap* OR TI cognitive behaviour therap* OR TI psycho-education*
S10 AB psychosocial OR AB psychologic* OR AB psychotherap* OR AB cognitive behaviour therap* OR AB psycho-education*
S11 S8 OR S9 OR S10
S12 S7 AND S11
S13 DE "Exercise"
S14 TI ( exercise movement techniques OR exercise* ) OR AB ( exercise movement techniques OR exercise* )
S15 S13 OR S14
S16 S7 AND S15
S17 DE "Nutrition"
S18 TI nutrition* OR AB nutrition*
S19 S17 OR S18
S20 S7 AND S19
S21 DE "Smoking Cessation"
S22 TI ( smok* or tobacco or cigarette* ) OR AB ( smok* or tobacco or cigarette* )
S23 S21 OR S22
S24 S7 AND S23
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Appendix 5. Search trial registers

Clinicaltrials.gov

Status: all studies

Study type: interventional (clinical trial)

Condition or disease: colorectal cancer

Other terms: prehabilitation

25 studies found (not including trials not recruiting yet). Trial registration number only displayed when potentially eligible for inclusion
in future updates.

Recruiting:

1. NCT04595604

2. NCT04167436

3. NCT03097224

Completed and published:

1. NCT03758209

2. NCT01356264

3. NCT02586701

4. NCT03361150

5. NCT01727570

6. NCT02502760

7. NCT02321813

Completed, not (yet) published:

1. NCT03096951

Status Unknown:

1. NCT03618329

Google Scholar

Search terms:

- Prehabilitation

- Preoperative optimization

- Randomised controlled trial

- Colorectal cancer

- Colorectal carcinoma

No new studies found (next to literature search and clinicaltrials.gov)

WHO-ICTRP

Search terms:

- Prehabilitation
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- Colorectal cancer

No new studies found.

Netherlands trial register

Search term:

- Prehabilitation

Recruiting:

1. NL5784

W H A T ' S   N E W
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D I F F E R E N C E S   B E T W E E N   P R O T O C O L   A N D   R E V I E W

AKer reconsideration, we did not contacted experts in the field of prehabilitation as described in the protocol (section: electronic searches)
since this is not usually done in a systematic review and would not have provided better certainty of evidence.

AKer publication of the protocol, during the start of the review, we decided to add two more secondary outcome measures of interest
(Secondary outcomes): emergency department visits and re-admission rate. Both outcomes contribute to assessing  the eJectiveness of
a prehabilitation programme and are oKen included in published papers.

Regarding the PICO as described in the protocol, we have made several alterations in the final review. First, we have added that blinding
was not a prerequisite for inclusion in the current review (Types of studies). The protocol did not include a statement on how to act toward
the concept of blinding in our selection process. We believe that how this concept should be handled should optimally be described, since
this is also an important criterion in the assessment of risk of bias. AKer discussion and consensus we decided that blinding was not a
prerequisite for inclusion. Secondly, we removed the statement that patients not able to exercise due to an inability or contraindication
should be excluded for this review. This is done so because aKer reconsideration we believe that this exclusion criterion is redundant, since
the patient not able to exercise will presumably not be included in the trials of interest. Finally, the description of how we aimed to assess
the 6MWT as an outcome has been reframed because we believed that the description in the protocol could be improved to make it more
clearer for the reader.

Due to insuJicient information, we have analysed the number of patients with a complication instead of including the Clavien-Dindo scores
or the Comprehensive Complication Index to assess the eJect of prehabilitation on complication rate.

Many of the intended analyses, such as sensitivity and subgroup analyses, could not be performed due to the limited number of trials
included. In future updates of this review, this will again be assessed.

I N D E X   T E R M S

Medical Subject Headings (MeSH)

*Colorectal Neoplasms  [surgery];  *Digestive System Surgical Procedures;  Postoperative Complications  [prevention & control]; 
Preoperative Exercise;  Quality of Life

MeSH check words

Adult; Humans
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