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Background: Prehabilitation is a promising method to enhance postoperative recovery, especially in
patients suffering from cancer. Particularly during times of social distancing, providing home-based
programmes may have become a suitable solution to increase compliance and effectiveness.
Methods: In line with the PRISMA guidelines, a systematic review was conducted including trials that
investigated the effect of home-based prehabilitation (HBP) in patients undergoing surgery for cancer.
The primary outcome was postoperative functional capacity (6 min walk test, 6MWT). Secondary out-
comes were postoperative complications and compliance.
Results: Five randomized controlled trials were included with 351 patients undergoing surgery for
colorectal cancer, oesophagogastric cancer, bladder cancer and non-small cell lung cancer. Three studies
presented results of significant progress after eight weeks. The meta-analysis showed a significant
improvement of the 6MWT in the prehabilitation group compared to the control group preoperatively
(MD 35.06; 95% CI 11.58 to 58.54; p ¼ .003) and eight weeks postoperatively (MD 44.91; 95% CI 6.04 to
83.79; p ¼ .02) compared to baseline. Compliance rate varied from 63% to 83% with no significant dif-
ference between prehabilitation and control groups. These data must be interpreted with caution
because of a high amount of heterogeneity and small sample sizes.
Discussion: In conclusion, HBP may enhance overall functional capacity of patients receiving oncological
surgery compared to standard of care. This could be a promising alternative to hospital-based pre-
habilitation regarding the current pandemic and further digitalization in the future. In order to increase
accessibility and effectiveness of prehabilitation, home-based solutions should be further investigated.
© 2022 Elsevier Ltd, BASO ~ The Association for Cancer Surgery, and the European Society of Surgical

Oncology. All rights reserved.
1. Background

According to the World Health Organization (WHO), an average
of 18.1 million people are diagnosed with cancer annually world-
wide [1,2]. A surgical intervention remains the primary curative
an analysis plan.
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treatment for most types of cancer. However, surgery can lead to
postoperative complications, functional disability and an overall
decrease in physical condition. This can result in delayed recovery,
extent of hospital stay (LOS) and risk of readmission [3,4]. As such,
abdominal surgery causes a 20e40% reduction in overall functional
capacity. Patients not suffering complications may still encounter
physical disability for up to six months following surgery [3].

Successful perioperative outcomes rely on a multi-faceted team
approach through optimisation of patients before, during and after
surgery [5e7]. Enhanced recovery programmes have shown great
merit in improving outcomes through intra- and postoperative
ropean Society of Surgical Oncology. All rights reserved.
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interventions. An upcoming field of interest is the enhancement of
patients' clinical condition through interventions delivered in the
time-window available before surgery; prehabilitation [8,9]. This is
a multimodal way of enhancing the patients' functional capacity
prior to surgery with the primary aim to help withstand the
physiological and psychological stress of surgery, and to reduce the
recovery period [10e14]. By enhancing the body's perioperative
resilience, prehabilitation interventions may reduce adverse out-
comes [15e17]. Furthermore, by becoming actively involved, pre-
habilitation offers patients to play a key role in their own treatment
and recovery.

Initially, prehabilitation programmes were trialed in hospital
settings, which demonstrated beneficial effects for patients await-
ing surgery. Patients showed improvements in functional capacity,
physical and mental health, a faster recovery and an overall better
quality of life after surgery [18e23]. However, hospital-based ini-
tiatives are not suitable for up to 50% of patients, mainly due to
other commitments, travel difficulties, hospital distance and costs,
multi-morbidity and discomfort in group settings [24]. The COVID-
19 pandemic has shifted the focus to providing health care at home
for a variety of reasons, including the need for shielding in many
patients, and enforced closure of leisure facilities [25,26]. Especially
for patients with cancer who may be immunocompromised and at
increased risk for infections, it might be more convenient and safer
to prepare for an operation at home. This review aimed to assess
the effectiveness of home-based prehabilitation (HBP) compared to
standard of care on functional capacity and treatment outcomes,
including compliance and postoperative complications, in patients
undergoing cancer surgery.

2. Methods

2.1. Literature search

This systematic review and meta-analysis was conducted in
accordance with the Preferred Reporting Items for Systematic Re-
views and Meta-Analysis (PRISMA) statement [27]. A comprehen-
sive search was performed in the bibliographic databases Pubmed,
Embase and Cinahl from inception up to October 13th, 2021 in
collaboration with a medical information specialist (LS). The
following search terms were used (including synonyms and closely
related words) as index terms or free-text words: ‘cancer’ and
‘surgery’ and ‘prehabilitation’ and ‘exercise therapy’ and ‘clinical
trials’ (Supplementary Information A). The search was performed
without date or language restriction. Duplicate articles were
excluded (LS) using EndNote X20.01 (Clarivatetm), following the
Amsterdam Efficient Deduplication (AED)-method and the Bramer-
method [28,29].

2.2. Study selection

All titles and abstracts were reviewed for relevance. Full-text
articles were read when eligible or when the eligibility was un-
clear. Two independent reviewers (TG and JP) screened all articles
to assess them for eligibility (Supplementary Information B). A
third reviewer (EB) was available for discussion in case of a
disagreement.

Inclusion criteria were: all randomized controlled trials of pa-
tients of 18 years and older undergoing elective surgery for all types
of cancer. Studies had to include multi-modal interventions
(including physical training (aerobic and resistance training) and
nutritional support) for a median of two weeks. The term ‘home-
based’ prehabilitation encompasses intervention delivery of the
majority of the program a) at home residence and b) at local health/
leisure facilities such as with a physiotherapist or in a community
1190
gym. All studies had to assess exercise capacity using the 6-min
walk test (6MWT) at several timepoint pre- and postoperative. The
effects had to be reported as mean change from baseline to each
timepoint at which the measurement was assessed. Also, the effect
on treatment outcome had to be reported (i.e. postoperative
complication, length of stay, re-admission rate).

Exclusion criteria were: metastatic disease, multi-organ resec-
tion, palliative surgery and specific cancer related prehabilitation
(e.g. arm exercises after breast cancer surgery or pelvic exercises
after prostate cancer surgery). The control group consisted of par-
ticipants receiving standard of care consisting of operative risk and
anesthesia assessment, medication management, perioperative
blood management and smoking cessation. Control groups using
standardized perioperative care according to the Enhanced Re-
covery After Surgery (ERAS) programs were also included. Those
programs consist of preoperative nutrition and exercise advise,
perioperative minimal invasive surgery, epidural analgesia when
possible, postoperative early oral nutrition, physiotherapy and early
mobilization to shorten hospital stay [5,30].

2.3. Data extraction and outcomes

The data extraction of the included articles was conducted by
two reviewers, where one review author extracted all data (TG) and
one review author independently extracted all numeric data (HZ). A
data collection form was used to perform the data extraction
(Supplementary Information C).

The primary outcome was postoperative functional capacity
evaluated by the change of 6MWT (baseline vs postoperative) in all
trials. The 6MWT is a validated test used as a measurement for
postoperative recovery in surgery where studies aim to improve
the functional capacity [31,32]. The 6MWT evaluates functional
exercise capacity, where a change inwalking distance in metres (m)
reflects a change in functional capacity and the individuals ability to
perform basic activities of daily living [33,34]. In this setting the
maximum distance covered in 6 min (at a comfortable pace) was
used as the outcome assessed at different time point pre- and
postoperatively. The change in covered metres from baseline to
specific timepoints reflected the change in functional capacity. This
data was expressed as mean (standard deviation).

The secondary outcomes were compliance, length of hospital
stay (LOS), re-admission rate, emergency department visits, mor-
tality and postoperative complication rate using the Clavien-Dindo
classification [35].

2.4. Risk of bias assessment

To ascertain the validity or methodological heterogeneity of
each included study, two reviewers (TG and EB) individually
assessed seven domains on possible sources of bias according to the
Cochrane tool for risk of bias [36].

2.5. Statistical analysis

To perform a consistent quantitative analysis all studies had to
report the same outcome measurements to be included in the
meta-analysis. Continuous data were presented using the mean
difference (MD), estimating the average change of the intervention
compared to the control [37]. Continuous outcomes weremeasured
using an inverse variance method. The Mantel-Haenszel estimator
was used to measure dichotomous outcomes like odds ratio's (OR)
or risk ratio's (RR).

To address inconsistencies in results amongst studies that
exceed differences due to chance, the statistical heterogeneity was
assessed. Heterogeneity was described as I2 (deriving from Q as the
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chi-squared statistic and df its degree of freedom). According to the
Cochrane Handbook it can be classified in low (<25%), moderate
(25e75%) and considerable (>75%) heterogeneity [38,39]. The data
were considered to be statistically significant at an alpha of 0.05. A
random effect model was used because fewer than ten studies got
included in this review. All data was displayed using a forest plot.
The meta-analyses were performed using Review Manager soft-
ware 5.340.
3. Results

3.1. Search results

The literature search generated a total of 10.133 references. After
deduplication the search identified 7123 articles of which 44 were
included. Of these 44 studies again 39 were excluded for not
meeting inclusion criteria which made 5 RCT's relevant for analysis
(Fig. 1) [41e45]. There were a noticeable number of pilot studies
among the articles. These were separately discussed since they did
Fig. 1. PRISMA flow diagram displaying the sele
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not fit the inclusion criteria but were considered relevant. For the
meta-analysis one study was excluded due to unpublished data [42].
3.2. Risk of bias assessment

Because of the nature of prehabilitation it was not possible to
blind participants and personnel to group allocation and therefore
all included trials had a high risk of performance bias [41e45]. The
risk of bias summary presents the judgement of each source of bias
for each study (Fig. 2 and supplementary E1). All trials stated that
outcome assessors were blinded to the allocation of patients.
Nonetheless, they did not specify the methods of blinding and were
therefore judged as unclear risk of bias [41e45]. Three trials had a
low risk of bias regarding handling missing data. They either used
imputations to handle missing data or had well-motivated loss to
follow-up [41,44,45]. There was almost 50% reporting bias across
the included trials mainly on account of a selective choice of data
for an outcome and selective under-reporting of data. Liu et al. only
reported data on mean difference of the change in functional
ction of studies and reasons for exclusion.



Fig. 2. Risk of bias summary.
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capacity [42]. The study of Minnella et al. (2019) had a high risk of
reporting bias due to an inadequate way of showing their results in
a whisker plot (using standard error instead of standard mean) and
made a conclusion which was not in line with their results [44].
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3.3. Patient characteristics

In all studies combined, there were a total of 351 participants of
whom 177 received a prehabilitation intervention before elective
surgery, and 174 participants who received standard of care. Two
studies evaluated prehabilitation in patients with colorectal cancer
undergoing surgery [41,43]. One study evaluated prehabilitation in
patients undergoing Video Assisted Thoracoscopy (VATS) lobec-
tomy for non-small cell lung cancer (NSCLC) [42], one study eval-
uated patients undergoing radical cystectomy for bladder cancer
[44] and one study evaluated patients undergoing upper abdominal
surgery for oesophagogastric cancer [45].

Baseline characteristics between groups were similar in every
study except for the age distribution in the study by Bousquet-Dion
et al. [43] (Table 1). Participants were significantly younger in the
control group compared to those in the prehabilitation group
(mean age 71 years [range 54.5e74.5] versus (vs) 74 [67.5e78],
respectively; P¼ .05); the control group had fewer participants >75
years of age although this did not reach significance (23% vs 43%,
P ¼ .098). Participants in the study by Liu et al. were generally
younger than other included trials, as they excluded all patients
1192
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older than 70 years [42]. Four out of five studies included patients
receiving neo-adjuvant therapy, with one study excluding these
patients [42]. Minnella et al. (2018) included unequally sized
groups regarding patients receiving neo-adjuvant therapy (I: 77%
(20) vs C: 60% (15)) [45].

3.4. Intervention characteristics

All studies were single-blinded RCTs performed in a single
center of which four trials were conducted in the same center in
Canada [41,43e45]. The duration of intervention differed from a
median of 15e36 days.

All studies included at-home prehabilitation consisting of 1)
training which was divided in aerobic and resistance training.
Aerobic training consisted of walking, jogging, cycling or swimming
and the intensity was measured using a heart rate monitor or the
Borg Scale of Perceived Exertion (RPE) (a scale from 6 to 20 where 6
rates an easy work out and 20 a hard work out). Participants had to
reach an exertion rate of 12 or 13 which equates to ‘somewhat hard
but able to continue’ [46]. Sessions varied from 25 to 30 min, 3e4
days a week. Resistance training consisted of four to eight exercises
per training focused on the main muscle groups of the body where
two studies specified the main muscle groups (quadriceps, ham-
strings, chest, back, biceps, triceps, shoulders and abdominal wall)
[42,45]. The frequency differed from 1 to 4 times a week with an
intensity of 1e3 sets including 8e15 repetitions. The intensity could
be enhanced using resistance bands [41e44]. Bousquet-Dion et al.
contained a once a week supervised, in-hospital, exercise training
[43]. 2) Nutritional counseling consisted of protein intake using
whey supplements. The dosage varied from 1.2 to 1.5 g/kg/d. Two
trials subscribedwhey supplements only if the daily requirement of
protein was not met in their diet [43,44]. All participants received
Fig. 3. Intervention characteristics
a) Physical intervention b) Nutritional intervention c) Psychological intervention
*if patients didn't meet daily requirement in diet
**enhanced recovery after surgery [5].
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nutritional counseling, where Minnella et al. (2019) specified the
goal to avoid underfeeding and overfeeding [40]. Four studies
included 3) psychological support. This included one appointment
with a psychologist who taught participants breathing exercises,
imagery techniques and coping strategies to reduce distress
symptoms [41e44]. In three studies both groups received medi-
cation management and smoking cessation counseling [42,44,45].
All intervention characteristics are shown in Fig. 3.

Three studies used the ERAS protocol as standard of care
[41,43,45]. To assess compliance all studies gave participants a daily
diary or logbook to record all activities and they monitored par-
ticipants through weekly telephone calls.

All studies reported multiple assessments time-points (Table 2).
The first assessment was at baseline which indicated the time
before prehabilitation commenced. The second assessment was
preoperatively, just before surgery when the prehabilitation inter-
vention had been completed (only Liu et al. specified the timing;
one day before surgery) [42]. Three studies performed a third and
fourth assessment at four and eight weeks postoperatively
[41,43,44]. Minnella et al. (2018) performed a third assessment
between four and eight weeks postoperatively without further
specification [45]. Liu et al. performed a third assessment thirty
days postoperatively [42].

The primary outcome in all studies was the change in functional
capacity in relation to baseline [41e45].

3.5. Primary outcome

Functional capacity was the primary outcome in all included
studies using the 6MWT (Supplementary D1).

Gillis et al. measured an overall significant increase in functional
capacity between groups, in favour of the prehabilitation group



Table 2
Summary of reported data on different time points. (postop ¼ postoperative).

Mean change in 6MWT
(compared to baseline)

Preoperatively Four weeks
postop

Four to eight weeks
postop

Eight weeks
postop

30 days
postop

Conclusion of mean change in 6MWT (compared to
baseline)

Gillis, 2014 [41] X X þ Significant difference in the prehab group at both time
points

Liu, 2019 [42] X X þ Overall significant increase of 60.9 m in prehab group
(mixed effects model)
¡ No significant difference at both time points

Bousquet-Dion, 2017 [43] X X X þ Significant increase in inactive participants (subgroup
analysis)
¡ No significant difference at any time point

Minnella, 2018 [45] X X þ Significant difference in prehab group at both time
points

Minnella, 2019 [44] X X X þ Significant difference at 4 weeks of less decline in
prehab group
¡ No significant difference preoperatively and at 8
weeks
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(P¼ .032). They measured a significant increase inwalking distance
preoperatively (intervention (I) þ25.2 m vs control (C) �16.4 m,
P < .001) and after eight weeks postoperatively (I: þ23.4 m vs C:
21.8 m, P ¼ .020) both compared to baseline [41].

Liu et al. reported an overall significant increase of 60.9 m in
6MWT in the prehabilitation group compared to the control group
derived from a mixed effects model (95%CI (32.4e89.5), P < .0001).
They measured an increase of functional capacity compared to
baseline preoperatively (I: þ45.1 m vs C: þ3.8 m) and at 30-days
postoperatively (I: þ21.5 m vs C: 36.1 m) although not reported if
this is significant [42].

Bousquet et al. did not find a significant difference between the
prehabilitation and control group. They performed a subgroup
analyses where they categorized participants as inactive and active.
They reported that participants in the prehabilitation group who
initially categorized as inactive had a greater change in their
functional capacity (OR 7.07 [1.10e45.51]) [43].

Minnella et al. (2018) reported an overall significant increase of
functional capacity. They measured an increase preoperatively
(I: þ36.9 m vs C: 22.8 m, P < .001) and 4e8wk postoperatively
(I: þ15.4 m vs C: 81.8 m, P < .001), both compared to baseline [45].

Minnella et al. (2019) showed no significant difference in
functional capacity between groups preoperatively and at 8 weeks
postoperatively compared to baseline. However, at 4 weeks post-
operatively compared to baseline they reported less decline in
functional capacity in the prehabilitation group versus the control
group (I: 15.4 m vs C: 97.9 m, P ¼ .014) [44].

A meta-analysis was performed on the change in 6MWT from
baseline to different time points pre- and postoperatively
[41,43e45]. Liu et al. was not included in the meta-analysis due to
selective under-reporting of the data of several timemeasurements
[42].

A meta-analysis of the preoperative change in 6MWT distance
compared to baseline showed a significantly higher walking dis-
tance in the prehabilitation group (MD 35.06; 95% CI 11.58 to 58.54;
p ¼ .003, I2 ¼ 67%) (Supplementary E2).
Fig. 4. Forest plot and meta-analysis of change in 6MWT d
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Only 2 studies reported the change in 6MWT distance measured
4 weeks postoperatively from baseline due to incomplete data,
therefore no meta-analysis was performed on this timepoint.

The meta-analysis of the 8 weeks changes postoperatively from
baseline in 6MWT showed a higher walking distance in the pre-
habilitation group compared to the control group (MD 44.91; 95%
CI 6.04 to 83.79; p ¼ .02, I2 ¼ 75%) (Fig. 4). Strong evidence of a
considerable heterogeneity was observed (75%, p ¼ .02).

3.6. Secondary outcomes

Compliance, postoperative complication rate, length of hospital
stay, readmission and emergency visit and compliance rate were
secondary outcomes of this review (Supplementary D1).

Adherence rate varied from 63% to 83% between studies (Sup-
plementary D2) [41e45]. Liu et al. considered a compliance level of
70% as the minimal requirement to perform analysis where no
participants were excluded due to low compliance [42]. Both
studies from Minnella et al. showed only an overall postoperative
compliance result [44,45]. Compliance was stimulated by peer-to-
peer motivation through weekly telephone calls through which
assessors collected standardized questionnaire. Three studies
specified the information obtained in those calls (information on
frequency, intensity and duration of exercise, additional physical
exercise, quantity and frequency of whey supplements) [41,43,44].
All participants received a daily diary or logbook where they could
track their compliance. Compliance was calculated based on the
information in logbooks and the information obtained in the phone
calls.

All studies provided data on the postoperative complications
using the Clavien-Dindo classification [41e45]. The mean compli-
cation rate across 4 of the 5 studies was 43% in the prehabilitation
group versus 50% in the control group (Liu et al. failed to publish
overall complication scores) [41,43e45]. None of the studies
showed a significant difference in any complication rate between
groups. A meta-analysis was performed on the 30-day
istance between baseline and 8 weeks post-operative.
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postoperative complication rate and this showed no significant
difference between prehabilitation and control groups across all
studies (OR 0.78; 95% CI 0.47 to 1.32; p ¼ .36, I2 ¼ 0%) (Supple-
mentary E3).

All studies reported LOS. None of them reported a significant
difference between the prehabilitation and control group in terms
of LOS [41e45].

Four studies reported readmission rate and emergency visits.
None of the studies found a significant difference between groups
in either readmission rate nor emergency visits (Supplementary
E4/E5) [41,43e45].

4. Discussion

This review suggests that pre- and postoperative functional
capacity can be enhanced by HBP prior to oncological surgery.
However, the results are not sufficient to illustrate a reduction of
postoperative complications, hospital LOS and readmission rates.

The research field regarding prehabilitation is promising but
relatively young (all included studies were published in 2014 or
later). Due to its multifactorial character, it continues to introduce a
number of research questions regarding the type of patients, the
method of prehabilitation, its duration and its location. Although
frail patients might benefit from prehabilitation, they may also
experience difficulties attending the hospital on a frequent basis
[47,48]. The aim of this review was to assess the possibility of at-
home prehabilitation.

There is an ongoing debate as to whether the clinical effec-
tiveness and intervention fidelity of HBP can be enhanced with
more remote supervision [49,50]. The general thought used to be
that adherence was larger in supervised prehabilitation, however
just as seen in Bousquet-Dion et al. a supervised session does not
necessarily improve adherence rate [43]. Adherence rates differed
among all included studies yet none were significant [41e45]. A
possible explanationmay be the lack of a validated score measuring
adherence rate which make outcomes more reliable [51]. Recent
studies have shown that if prehabilitation is tailored to the envi-
ronment of the patient motivation and adherence will increase
[49,52,53]. There is a short supply of data on the effect of HBP
programmes, the present data showed a significant improvement
in pre- and postoperative functional capacity in the prehabilitation
groups in a home-based setting. This can support previous data on
prehabilitation trialed in the hospital setting and can hereby
broaden the impactability of prehabilitation programmes [18e23].

The effectiveness of HBP on treatment outcomes cannot be
confirmed by this review. Due to the multifactorial nature of pre-
habilitation and its number needed to treat for prehabilitation to
work these included studies might underestimate the effect of
prehabilitation. For studies to confirm a reliable effect the number
of participants should be higher. Furthermore, at the level of
methodology, prehabilitation as a research field is challenging.
There is an overall lack of pioneering research groups investigating
worldwide resulting in four studies originating from the same
research group in a Canadian hospital, posing a risk for location bias
[41,43e45]. The overall validity of this study is weakened by the
small amount of included studies. Sample sizes are small most
likely due to the loss to follow upwhichwas substantial among four
studies [41,43e45]. Liu et al. used an intention to treat analysis
although they excluded the patients lost to follow-up [42]. Minnella
et al. (2018) had the most lost to follow up due to hospital distance
[45].

Included studies showed a variation of study designs regarding
the composition and duration of prehabilitation programmes,
different cancer types and variation in operations. Furthermore,
outcome measures used to quantify the effect of prehabilitation
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differ among studies. The lack of standardized prehabilitation
programs and key standards avoids study comparability. One study
included home based prehabilitation combined with a supervised,
in-hospital training once a week which makes it hard to weigh up
to the completely HBP of the other studies [43]. Unfortunately, the
combination of exercises included in the prehabilitation differed, as
did the patient-specific execution of the exercises.

The required duration of prehabiliation in order to obtain a
significant effect is still a matter of debate. Recent literature em-
phasizes the fact that delayed surgery in colorectal cancer is not
associated with adverse survival rates [54,55]. For most types of
cancer this could potentially mean that there is a wider window to
optimize patients before and after surgery with prehabilitation,
with regard to the mental burden of patients that have been
diagnosed with cancer and their desire to be operated as quickly as
possible [54]. Although one study excluded patients receiving
neoadjuvant therapy [42], it is becoming more usual in standard of
care in multiple types of cancer, which will broaden the window of
opportunity allowing patients to prehabilitate during and before
(neo)adjuvant therapy as well as preoperatively [56,57].

The coming years will show an increasing shift of healthcare
being provided at home, especially for vulnerable groups. Espe-
cially in times of social distancing, this is specifically relevant given
the patient population who are generally older, more frail and may
experience logistical difficulties (e.g. financial, physical, travel) and
are more at risk for infections when attending the hospital [24].
This specific patient population is at risk for a critical infectionwith
bad health outcomes when infected with COVID-19 [58]. This
pandemic revealed health care obstacles including closure of lei-
sure facilities and inequality of health care accessibility. HBP may
offer a more patient tailored program that will; increase accessi-
bility to the program closer to home, avoid unnecessary public
activity, enhance compliance and associated effectiveness, make it
more affordable for both patients as healthcare, and promote a long
lasting lifestyle change through supported self-management
[25,26].

In conclusion, the present data showed improvement of pre-
and postoperative functional capacity after HBP. Regarding the high
amount of heterogeneity, small sample sizes, underpowered
studies and considerable risk of bias there is a need for high-quality
data. This includes large sample size, studies specified on operation
or cancer type and vulnerable population to enhance generaliz-
ability. Prehabilitation programs and outcome measures require
standardization on a large scale. Regarding the current pandemic
and further digitalization in the future, at home prehabilitationwill
be an indispensable alternative to hospital-based prehabilitation
and should be further investigated and developed.
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