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IMPORTANCE Colorectal surgery is associated with substantial morbidity rates and a lowered
functional capacity. Optimization of the patient’s condition in the weeks prior to surgery may
attenuate these unfavorable sequelae.

OBJECTIVE To determine whether multimodal prehabilitation before colorectal cancer
surgery can reduce postoperative complications and enhance functional recovery.

DESIGN, SETTING, AND PARTICIPANTS The PREHAB randomized clinical trial was an
international, multicenter trial conducted in teaching hospitals with implemented enhanced
recovery after surgery programs. Adult patients with nonmetastasized colorectal cancer were
assessed for eligibility and randomized to either prehabilitation or standard care. Both arms
received standard perioperative care. Patients were enrolled from June 2017 to December
2020, and follow-up was completed in December 2021. However, this trial was prematurely
stopped due to the COVID-19 pandemic.

INTERVENTIONS The 4-week in-hospital supervised multimodal prehabilitation program
consisted of a high-intensity exercise program 3 times per week, a nutritional intervention,
psychological support, and a smoking cessation program when needed.

MAIN OUTCOMES AND MEASURES Comprehensive Complication Index (CCI) score, number of
patients with CCI score more than 20, and improved walking capacity expressed as the
6-minute walking distance 4 weeks postoperatively.

RESULTS In the intention-to-treat population of 251 participants (median [IQR] age, 69
[60-76] years; 138 [55%] male), 206 (82%) had tumors located in the colon and 234 (93%)
underwent laparoscopic- or robotic-assisted surgery. The number of severe complications
(CCI score >20) was significantly lower favoring prehabilitation compared with standard care
(21 of 123 [17.1%] vs 38 of 128 [29.7%]; odds ratio, 0.47 [95% CI, 0.26-0.87]; P = .02).
Participants in prehabilitation encountered fewer medical complications (eg, respiratory)
compared with participants receiving standard care (19 of 123 [15.4%] vs 35 of 128 [27.3%];
odds ratio, 0.48 [95% CI, 0.26-0.89]; P = .02). Four weeks after surgery, 6-minute walking
distance did not differ significantly between groups when compared with baseline (mean
difference prehabilitation vs standard care 15.6 m [95% CI, −1.4 to 32.6]; P = .07). Secondary
parameters of functional capacity in the postoperative period generally favored
prehabilitation compared with standard care.

CONCLUSIONS AND RELEVANCE This PREHAB trial demonstrates the benefit of a multimodal
prehabilitation program before colorectal cancer surgery as reflected by fewer severe and
medical complications postoperatively and an optimized postoperative recovery compared
with standard care.
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W ith more than 9 million procedures performed each
year and an estimated 50% increase by 2040, the risk
associated with cancer surgery poses an impres-

sive burden to patients and the health care system.1 Colorec-
tal cancer is third in rank among global cancer incidence rates
and was the second leading cause of cancer-related deaths in
2020.2 Despite remarkable advancements in perioperative care,
30-day morbidity did not significantly improve with morbid-
ity rates between 19.7% to 37.4%.3 Furthermore, many pa-
tients experience new or worsening impairments, which can
persist for months after surgery.4,5 Therefore, reducing the risk
of postoperative complications and functional decline is of the
utmost importance.

Functional capacity is a strong determinant of a favor-
able outcome after surgery,6,7 leading to a compelling ratio-
nale to improve physical, nutritional, and mental status be-
fore surgery. After the diagnosis of colorectal cancer, time to
surgery usually comprises several weeks, a salient time ide-
ally suited for multimodal prehabilitation.8,9

Trials that have suggested that prehabilitation may lead
to clinically meaningful improvements in the patient’s preop-
erative condition and surgical outcome10-16 lack sufficient
power and have heterogeneous design.17-20 To date, recom-
mendations on the implementation of prehabilitation in stan-
dard care are weak.21

Therefore, we conducted an international multicenter ran-
domized clinical trial to investigate the effect of a multi-
modal prehabilitation program on functional capacity recov-
ery and postoperative complications within 30 days after
surgery of patients with nonmetastasized colorectal cancer.

Methods
Trial Design and Procedures
The PREHAB trial is an open-label international, multicenter,
parallel-arm, randomized, controlled study comparing mul-
timodal prehabilitation with standard preoperative care. The
protocol was previously published22 and is available in
Supplement 1 and approved by the local institutional review
board at each trial site. Participants provided written in-
formed consent before any study-related procedures com-
menced. An independent data safety monitoring board con-
sisting of an epidemiologist, 2 physicians, and an exercise
physiologist monitored the safety and efficacy of the trial. En-
rollment began on June 6, 2017, was paused in March 2020 dur-
ing the COVID-19 pandemic, and was prematurely stopped on
December 15, 2020. We followed the Consolidated Standards
of Reporting Trials (CONSORT) reporting guideline.23

The study population consisted of adult patients sched-
uled for elective surgical resection of primary colorectal can-
cer. The presence of metastases or another primary tumor,
American Society of Anesthesiologists (ASA) score of 4 or
higher, chronic kidney failure (creatinine >2.83 mg/dL [to con-
vert to micromoles per liter, multiply by 88.4] or dialysis), in-
dication for abdominoperineal resection, and the impossibil-
ity to wait 4 weeks for surgery represented exclusion criteria.
Furthermore, patients were not eligible if they had medical con-

ditions and/or cognitive impairments that contraindicated the
intervention and/or illiteracy or language barriers. No data on
race and ethnicity were collected.

Participating sites were teaching hospitals and secondary
or tertiary care centers performing approximately 200 to 300
colorectal resections per year. Seven sites enrolled patients, of
which 6 were originally members of an international consor-
tium (eAppendix in Supplement 2).

Investigators identified patients at the surgical clinic or dur-
ing weekly multidisciplinary team meetings. After obtaining
written informed consent, the research team assessed eligi-
bility by performing a complete medical history and a cardio-
pulmonary exercise test (CPET). The conduction and inter-
pretation of CPET results followed clinical guidelines.24

If eligible, participants were randomized on a 1:1
ratio to either prehabilitation or standard care. Randomiza-
tion was performed by a local investigator via computer-
generated random numbers composed of fixed blocks of 8
(ResearchManager25). Groups were stratified for center, neo-
adjuvant therapy, and tumor location (colon/rectum). Alloca-
tion sequence was generated with ResearchManager, and this
was concealed from the trained local investigators perform-
ing randomization. Investigators and participants were not
blinded for group assignment.

Participants standardly underwent functional assess-
ments at baseline, before surgery (approximately 4 weeks af-
ter baseline), and 4 and 8 weeks after surgery. A complete list
of assessments is available in eTable 1 in Supplement 2.

The local prehabilitation teams directly involved in the
study procedures consisted of qualified health care profes-
sionals such as physicians, kinesiologists or physiothera-
pists, dietitians, and psychology-trained personnel. Serious and
adverse events related to the intervention were collected.

Multimodal Prehabilitation
Interventions in this trial have been specifically developed for
patients awaiting colorectal cancer surgery.26 The interven-
tion consists of a 4-week personalized in-hospital supervised
preoperative program including exercise, nutritional, and psy-
chological support. If indicated, a smoking cessation inter-
vention was included. In-hospital entailed outpatient appoint-
ments to hospital affiliated training departments or facilities.

Key Points
Question Does a 4-week supervised multimodal prehabilitation
program before elective resection of nonmetastasized colorectal
cancer reduce postoperative complications and enhance
functional recovery?

Findings In this multicenter, international randomized clinical trial
that analyzed 251 adults, multimodal prehabilitation resulted in a
significant reduction of severe and medical complications. The
program also resulted in a statistically significant faster and better
postoperative recovery.

Meaning Patients undergoing resection for nonmetastasized
colorectal cancer may benefit from a 4-week multimodal
prehabilitation program.
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The supervised training consisted of a 1-hour session of
aerobic and strength exercises 3 times per week with resting
days in between. The aerobic part, preferably performed on a
bicycle, consisted of a high-intensity interval training using
baseline CPET-derived variables. It consisted of 4 intervals of
2-minute high-intensity bouts conducted at 85% to 90% of
peak power, alternated with 4 intervals of 4-minute moderate-
intensity bouts at 30% of peak power. Resistance exercise con-
sisted of 2 series of 10 repetitions targeting major muscle
groups. The intensity was set at 65% to 70% of the calculated
baseline indirect 1 repetition maximum (1 RM). Professional
strength equipment, body weight, elastic bands, and/or cali-
brated dumbbells were used.

Based on nutritional assessment and dietary habits, a reg-
istered dietitian provided a full nutritional intervention. The
program aimed to balance macronutrients and to achieve a
daily amount of proteins of 1.5 g per kg. Additionally, partici-
pants were provided with a whey protein supplement and were
instructed to ingest 30 g within 1 hour after the in-hospital train-
ing session and 1 hour before sleeping daily. Vitamin D and mul-
tivitamin supplements were also provided.

Anxiety-coping interventions consisted of relaxation tech-
niques and deep breathing exercises provided by psychology-
trained personnel in a 1-to-1 session. If a high risk of mental
distress was detected by medical history and/or baseline scores
of the Generalized Anxiety Disorder 7-item scale of 10 or higher
or Patient Health Questionnaire 9-item of 15 or higher, partici-
pants were additionally referred to a medical psychologist.
A smoking cessation program was offered, if indicated. The pro-
gram consisted of individual counseling and nicotine replace-
ment therapy.

Standard Care
Participants were treated per local perioperative standard of
care. All study sites followed a well-adopted enhanced recov-
ery after surgery (ERAS) pathway to minimize heterogeneity
in perioperative care.27 Scheduling of surgery was not af-
fected by study participation. Participants in the standard care
group did not receive any additional counseling on exercise,
nutrition, or mental health.

Primary Outcomes
The coprimary outcomes were 30-day postoperative compli-
cations determined using the Comprehensive Complication In-
dex (CCI) and postoperative 6-minute walking distance (6-
MWD) that was measured with the 6-minute walking test (6-
MWT).

The CCI is a validated measurement of postoperative mor-
bidity/mortality that weighs all complications using the Cla-
vien-Dindo classification into a sum score ranging from 0 (no
complication) to 100 (death).28 Based on our preliminary stud-
ies using a similar surgical population,29 a CCI score more than
20 was chosen to define severe complication that impacted
postoperative surgical outcome. (This is deviating from the
analyses planned in the protocol because the CCI is a zero-
inflated highly skewed distribution that cannot be correctly
analyzed as a continuous variable with tests for comparing lo-
cations. We will include the results of the initially planned

analysis among the sensitivity analyses.) Functional capacity
was measured with the 6-MWT, which reliably quantified ex-
ercise tolerance in the colorectal surgical population.30,31 Our
end point was the change in meters walked over the 6 min-
utes (6-MWD) between baseline and 4 weeks after surgery.

Secondary Outcomes
Prespecified secondary outcomes consisted of surgical and
functional end points and health-related quality of life. In ad-
dition to the 6-MWD, functional capacity was analyzed by mea-
suring domains of physical, nutritional, and mental status.
CPET, a criterion standard test for cardiorespiratory fitness,24

defined the oxygen consumption at the anaerobic threshold
(V̇O2AT) and at peak exercise (peak V̇O2). Strength was deter-
mined with the indirect 1 RM and handgrip strength. Nutri-
tional status was assessed using the Patient-Generated Sub-
jective Global Assessment.32 Mental health status was
measured with the Generalized Anxiety Disorder 7-item scale
and the Patient Health Questionnaire 9-item. Finally, health-
related quality of life was determined with the European Or-
ganisation for Research and Treatment of Cancer, Quality Of
Life Of Cancer Patients C30 Module global health status
subscale.

These assessments were performed at baseline, preopera-
tively (approximately 4 weeks after baseline), and 4 and (ex-
cept for CPET) 8 weeks after surgery. Surgical outcomes, evalu-
ated 30 days after surgery, included length of hospital stay,
readmissions, and mortality.

Compliance to the exercise training was assessed as fol-
lows. Participants could receive a maximum of 12 supervised
sessions (including both baseline and preoperative assess-
ment). When at least 9 of these 12 sessions were completed,
participants were considered to be compliant to the exercise
intervention (regardless of reasons for missing sessions). Sub-
sequently, the period between baseline 6-MWT and preopera-
tive 6-MWT had to be between 3 and 8 weeks.

Sample Size
Sample size calculation was based on the mean (SD) CCI
(10.4 [14]) in our population. We considered a decrease of the
CCI of 30% as clinically meaningful. Using an α of 0.05, power
of 0.80 (2-sided test), and expecting a dropout rate of 10%, an
estimated 714 (357 per arm) sample size was aimed for. This
sample size was considered to be sufficient to demonstrate a
difference in the coprimary outcome (6-MWD).

Premature Termination of the Trial
Due to the intercurrent COVID-19 pandemic, continuation of
the trial was deemed unsafe and not feasible due to restric-
tions imposed by governments and downscaling of nonemer-
gent care. The trial was therefore put on hold for an indefinite
period of time. As any perspective on full resumption of in-
clusion was lacking, the principal investigators decided to ter-
minate the trial prematurely.

Data Collection and Monitoring
Data were collected by local investigators or professional data
managers and entered into an electronic case report form cre-
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ated in ResearchManager. Due to the behavioral nature of the
intervention, blinding was not feasible for either partici-
pants, investigators, or health care professionals prescribing
or delivering prehabilitation. Outcome assessors who per-
formed medical record reviews to score postoperative com-
plications were blinded. The database was monitored, que-
ried, cleaned, and validated by the Netherlands Comprehensive
Cancer Organisation.

Statistical Analyses
Summary statistics were reported per arm. Medians with IQRs
for numeric variables, counts and percentages for categorical
data, and percentages for missing data were reported. An in-
tention-to-treat approach was used.

The binary outcome variables were analyzed with the
Cochran-Mantel-Haenszel test to estimate an odds ratio (OR)
corrected for sites. For the cross-sectional numerical out-
come variable, a generalized linear model with a gamma dis-
tribution and identity link function was used, corrected for site.
The longitudinal outcome variables were analyzed with gen-
eralized estimating equations using the empirical sandwich es-
timator, the normal distribution, the identity link function, and
an exchangeable variance-covariance working matrix. The fac-
tors time and site were treated as fixed effects.

The primary analyses were repeated in a per-protocol
analysis, excluding patients with an ASA score of IV, with mini-
mal surgery, from the Danish sites (Eastern Cooperative On-
cology Group Performance Scale score >0), and 2 patients in
the control who completed the prehabilitation program.

We also performed a Mann-Whitney U test on the CCI
scores and compared the occurrence of medical and surgical
complications with the Cochran-Mantel-Haenszel test. For the
6-MWD, we conducted a missing not at random imputation.
In addition, we repeated the primary analyses on subgroups:
high/lower risk (CPET) and colonic/rectal cancer. We applied
a significance level of α = 0.05 for all tests. All analyses were
conducted with the SAS software package, version 9.4 (SAS In-
stitute).

Results
Of 1240 patients screened between June 2017 and December
2020, 269 participants consented to study participation. They
were randomly assigned to either prehabilitation or standard
care. Follow-up was completed in December 2021. A total of
18 participants were excluded from analysis because they did
not undergo colorectal surgery (prehabilitation, n = 2; stan-
dard care, n = 2), they did not have any surgery at all (preha-
bilitation, n = 10; standard care, n = 3), or data were com-
pletely missing due to the COVID-19 pandemic (prehabilitation,
n = 1) (Figure 1). Hence, 251 participants were included in the
intention-to-treat population (prehabilitation, n = 123; stan-
dard care, n = 128). Seven of 123 participants (5.7%) experi-
enced adverse events consisting mainly of lightheadedness or
nausea due to the exercise intervention (n = 4) or protein
supplements (n = 3), respectively. However, no serious ad-
verse events related to the program occurred. A total of 95 of

123 (77.2%; missing n = 5) were considered to be compliant to
the exercise intervention.

Baseline characteristics are shown in Table 1. The median
(IQR) age was 69 (60-76) years. Cancer was located in the co-
lon in 206 of 251 participants (82.1%). Most surgical proce-
dures occurred via a minimal invasive operative technique (234
of 251 participants [93.2%]). Overall baseline functional ca-
pacity was similar between groups.

Primary Outcomes
Complications
At 30 days after surgery, 149 complications had occurred in 93
of 251 patients (37.1%). The rate of severe complications was
significantly lower in patients undergoing prehabilitation com-
pared with standard care (CCI score >20; 21 of 123 [17.1%] vs
38 of 128 [29.7%]; OR, 0.47 [95% CI, 0.26-0.87]; P = .02). The
post hoc power was observed to be only 64%. Overall, 39 of
123 patients (31.7%) in prehabilitation experienced complica-
tions vs 54 of 128 (42.2%) in standard care (OR, 0.62 [95% CI,
0.37-1.05]; P = .07), with comparable grading (median [IQR]
CCI score, prehabilitation: 0 [0-8.7] vs standard care: 0 [0-
20.9]; P = .06). Patients encountered fewer medical compli-
cations (eg, cardiovascular or respiratory) after prehabilita-
tion compared with standard care (19 of 123 [15.4%] vs 35 of
128 [27.3%]; OR, 0.48 [95% CI, 0.26-0.89]; P = .02). There was
no difference in number of surgical complications. Figure 2 and
eTable 2 in Supplement 2 summarize the incidence of differ-
ent types of complications in the 2 study arms. More detailed
information on complication type is provided in the eTable 3
in Supplement 2.

Functional Walking Capacity
The mean difference in 6-MWD between the 2 arms 4 weeks
postoperatively after correcting for baseline was 15.6 m (95%
CI, −1.4 to 32.6; P = .07; Table 2).

Secondary Outcomes
Surgical Outcomes
There was no difference in length of hospital stay (median
[IQR], 3 [3-5] days in prehabilitation vs 3 [3-4] days in stan-
dard care; P = .20) or hospital readmission rate (prehabilita-
tion group: 4 of 123 [3.3%]; standard care group: 8 of 128 [6.3%];
OR, 0.50 [95% CI, 0.15-1.72]; P = .26). Admission to the inten-
sive care unit was less frequent after prehabilitation (4 of 123
[3.3%] in the prehabilitation group vs 14 of 128 [10.9%] in the
control group; OR, 0.29 [95% CI, 0.09-0.89]; P = .02). One par-
ticipant in the prehabilitation group died within 30 days after
surgery as a result of colorectal anastomotic leakage.

Functional Outcomes
Figure 3 and eTables 4 and 5 in Supplement 2 display the pre-
determined secondary functional outcomes over time. Over-
all, prehabilitation resulted in faster and better recovery of post-
operative functional capacity. No statistical differences were
found for either nutritional or mental status, nor for health-
related quality of life.

Preplanned sensitivity and per-protocol analyses are in-
cluded in eTable 6 in Supplement 2. The generalized estimat-
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ing equations analysis of the difference between groups in
6-MWD (corrected for baseline) after the missing not at ran-
dom imputation confirmed the results of the main analyses.

Discussion
The findings of the present randomized clinical trial showed
a reduced rate of severe and medical complications following
a 4-week multimodal prehabilitation program. Postoperative
walking capacity, 1 RM, CPET, and handgrip strength were
greater in the prehabilitation group.

For decades, research has focused on interventions to lower
postoperative complications. Prehabilitation aims to in-
crease functional capacity and fasten postoperative recov-
ery. Two recently published randomized clinical trials de-
scribe a 50% reduction of complications after prehabilitation
in high-risk patients undergoing major abdominal and colo-
rectal surgery.10,33 Meanwhile, other trials studying both uni-
modal and multimodal prehabilitation programs for colorec-
tal (cancer) surgery did not find any differences regarding
complication rate.34-36 Such discrepancy might be explained
by the low sample size studied and heterogeneous design.

In the present study, the number of severe complications
(CCI score >20 considered clinically meaningful) dropped by

almost 50% after prehabilitation.22,29 A reduction of medical
complications was also reported by others and it aligns with
the hypothesis that prehabilitation especially addresses the car-
diorespiratory fitness and metabolic balance.37 However, the
exact mechanisms are unclear.

Improved cardiorespiratory fitness before surgery is be-
lieved to increase physiological reserve and the patient’s re-
silience to withstand any stress related to surgery.38 Further-
more, higher functional capacity is independently associated
with a lower risk of developing postoperative complications
in patients with colorectal cancer.29,38,39 While other re-
search groups demonstrated improved 6-MWD or CPET param-
eters in the preoperative period due to prehabilitation,15,33 the
current study only showed a nonsignificant improvement in
anaerobic threshold.

An important aim of prehabilitation is to improve func-
tional capacity to enhance postoperative recovery. Three ran-
domized clinical trials containing a similar multimodal pre-
habilitation program were included in a recently published
Cochrane review.20 The review concluded that the data were
heterogeneous. However, multimodal prehabilitation may re-
sult in an improved functional capacity both preoperatively
and postoperatively with mean differences exceeding the clini-
cally meaningful 20-m cutoff level determined with the
6-MWT.32

Figure 1. CONSORT Flow Diagram

1240 Patients assessed for eligibility

971 Excluded
556 Did not meet inclusion criteria

221 Surgery <4 wk
118 Metastatic disease preoperatively
56 Contraindication for exercise
50 ASA score ≥4
48 Abdominoperineal resection
29 Cognitive impairment or illiteracy
27 Second primary tumor
7 Chronic kidney failure

233 Declined
182 Other reasons

269 Randomized

136 Randomized to receive prehabilitation program

6 Withdrew
2 Surgery too soon

128 Received intervention as randomized
8 Did not receive intervention

133 Randomized to receive standard care
131 Received control as randomized

2 Did not receive control (received prehabilitation)

1 Lost to follow-up

8 Prevented by COVID-19 restrictions
3 No follow-up scheduled
3 Unable to visit for health reasons

26 Discontinued assessments
12 Withdrew

1 Lost to follow-up

3 Prevented by COVID-19 restrictions
3 No follow-up scheduled
3 Unable to visit for health reasons

20 Discontinued assessments
11 Withdrew

123 Included in analysis

2 No colorectal resection or APR
1 Data missing because of COVID-19 restrictions

13 Not included in analysis
10 Did not have surgery

128 Included in analysis

2 No colorectal resection or APR

5 Not included in analysis
3 Did not have surgery

APR indicates abdominoperineal
resection; ASA, American Society of
Anesthesiologists.

Effect of Prehabilitation on Postoperative Complications and Functional Capacity for Colorectal Cancer Surgery Original Investigation Research

jamasurgery.com (Reprinted) JAMA Surgery Published online March 29, 2023 E5

© 2023 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a Radboud University Nijmegen User  on 03/30/2023

http://www.jamasurgery.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2023.0198


Table 1. Baseline and Clinical Characteristicsa

Characteristic

No. (%)

Prehabilitation group
(n = 123)

Control group
(n = 128)

Age, median (IQR), y 69 (60-77) 71 (60-76)

Sex

Female 61 (49.6) 52 (40.6)

Male 62 (50.4) 76 (59.4)

Weight, median (IQR), kg 76.3 (66.9-85.0) 78.4 (68.6-92.8)

Lean body mass, median (IQR), kg 51.0 (43.5-59.0) 53.0 (44.0-61.0)

Missing 3 (2.4) 9 (7.0)

Body fat, median (IQR), % 32.1 (26.0-38.3) 34.1 (27.5-38.4)

Missing 4 (3.3) 12 (9.4)

BMI, median (IQR) 26.3 (24.2-30.2) 27.6 (24.7-31.7)

≥30 31 (25.2) 48 (37.5)

ASA

I 7 (5.7) 4 (3.1)

II 85 (69.1) 97 (75.8)

III 30 (24.4) 26 (20.3)

IVb 1 (0.8) 1 (0.8)

Comorbidities

Diabetes 16 (13) 30 (23.4)

Missing 13 (10.6) 17 (13.3)

Cardiovascular 60 (48.8) 69 (53.9)

Missing 13 (10.6) 17 (13.3)

Pulmonary 23 (18.7) 31 (24.2)

Missing 13 (10.6) 17 (13.3)

Charlson Comorbidity Index, median (IQR) 5 (4-6) 5 (4-6)

Missing 0 1 (0.8)

Metabolic status

CRP, median (IQR), mg/dL 0.3 (0.1-0.6) 0.4 (0.2-0.9)

Missing 44 (35.8) 41 (32.0)

Albumin, median (IQR), g/dL 4.2 (3.9-4.5) 4.2 (3.9-4.4)

Missing 25 (20.3) 22 (17.2)

Hemoglobin, median (IQR), g/dL 13.1 (11.3-14.2) 13.1 (11.0-14.5)

Missing 1 (0.8) 0

Smoking status

None 48 (39.0) 52 (40.6)

Former 64 (52.0) 55 (43.0)

Current 11 (8.9) 21 (16.4)

Tumor stage

0 7 (5.7) 7 (5.5)

I 39 (31.7) 36 (28.1)

II 39 (31.7) 37 (28.9)

III 28 (22.8) 34 (26.6)

IV 4 (3.3) 4 (3.1)

Unknown 6 (4.9) 9 (7.0)

Missing 0 1 (0.8)

Cancer type

Colon 101 (82.1) 105 (82)

Rectum 22 (17.9) 23 (18)

Neoadjuvant therapy 1 (0.8) 3 (2.3)

(continued)
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The current study results show an enhanced recovery of
functional capacity in the postoperative period. Although not
significant, mean walking distance 4 weeks postoperatively re-
mained above baseline level in the prehabilitation group but
seemed to drop beneath baseline results in the control group.
The number of patients improving at least 20 m compared with
baseline was higher after multimodal prehabilitation. During
the assessment 8 weeks after surgery, 6-MWD differed statis-
tically between groups, in favor of prehabilitation.

The V̇O2AT and peak V̇O2 values significantly differed be-
tween groups 4 weeks after surgery favoring the prehabilita-
tion group. While the prehabilitation group improved on their
baseline test results, the control group did not. In addition, in-

direct 1 RM results of the chest press and handgrip strength
also differed significantly between groups considering the
change from baseline during assessment 8 weeks after sur-
gery. All in all, prehabilitation leads to faster recovery to base-
line, even exceeding baseline values and this was not seen in
the control patients.

To our knowledge, the current study is the largest RCT on
multimodal prehabilitation for colorectal cancer surgery thus
far. The high-intensity supervised in-hospital prehabilitation
program is deemed safe, as only 5.7% minor adverse events
and no serious adverse events occurred. Mean CCI score and
length of hospital stay were relatively low in our population,
perhaps partially explained by the large number of right col-

Table 1. Baseline and Clinical Characteristicsa (continued)

Characteristic

No. (%)

Prehabilitation group
(n = 123)

Control group
(n = 128)

Type of surgery

Hemicolectomy

Right 62 (50.4) 63 (49.2)

Left 10 (8.1) 10 (7.8)

Colectomy

Transverse 2 (1.6) 0

Subtotal 2 (1.6) 3 (2.3)

Sigmoid 17 (13.8) 24 (18.8)

TaTME 7 (5.7) 8 (6.3)

TEM 1 (0.8) 1 (0.8)

Low anterior resection 22 (17.9) 19 (14.8)

Minimal invasive surgeryc 118 (95.9) 116 (90.6)

Stoma creation 13 (10.6) 14 (10.9)

Duration of surgery, median (IQR), min 160.0 (130.0-201.0) 171.5 (137.0-201.5)

Intraoperative blood loss, median (IQR), mLd 0 (0-50) 0 (0-50)

Missing 88 (71,5) 95 (74.2)

6-MWD, median (IQR), m 514.0 (450.0-578.0) 512.5 (435.0-572.0)

Missing 1 (0.8) 2 (1.6)

6-MWD ≥400 m 100 (81.3) 106 (82.8)

Missing 1 (0.8) 2 (1.6)

V̇O2AT, median (IQR), mL × kg−1 × min−1 12.3 (10.9-15.0) 12.9 (10.3-15.0)

Missing 14 (11.4) 17 (13.3)

Peak V̇O2, median (IQR), mL × kg−1 × min−1 18.0 (15.0-21.9) 19.0 (15.0-22.3)

Missing 10 (8.1) 13 (10.2)

1 RM chest press, median (IQR), kg 15.9 (9.1-28.9) 18.8 (11.8-30.0)

Missing 5 (4.1) 32 (25.0)

Handgrip strength, median (IQR), kg 28.0 (21.5-38.0) 30.5 (23.5-38.0)

Missing 3 (2.4) 4 (3.1)

PG-SGA-SF total score, median (IQR) 1 (0-4) 1 (0-3)

Missing 8 (6.5) 10 (7.8)

PHQ-9, median (IQR) 2 (0-6) 2 (0-5)

Missing 8 (6.5) 2 (1.6)

GAD-7, median (IQR) 2 (0-5) 3 (0-6)

Missing 6 (4.9) 3 (1.7)

EORTC QLQ-C30-global health, median (IQR) 66 (66-83) 66 (50-83)

Missing 2 (1.6) 1 (0.8)

Abbreviations: 6-MWD, 6-minute
walking distance; ASA, American
Society of Anesthesiology; BMI, body
mass index (calculated as weight in
kilograms divided by height in meters
squared); CRP, C-reactive protein;
EORTC QLQ-C30, European
Organisation for Research And
Treatment Of Cancer, Quality Of Life
Of Cancer Patients Module; GAD-7,
Generalized Anxiety Disorder 7-item
scale; peak V̇O2, oxygen consumption
at peak exercise; PG-SGA-SF,
Patient-Generated Subjective Global
Assessment short form; PHQ-9,
Patient Health Questionnaire 9-item;
1 RM, indirect 1 repetition maximum;
TaTME, transanal total mesorectal
excision; TEM, transanal endoscopic
microsurgery; V̇O2AT, oxygen
consumption at the anaerobic
threshold.

SI conversion factors: To convert
albumin to grams per liter, multiply by
10; CRP to milligrams per liter,
multiply by 10; hemoglobin to grams
per liter, multiply by 10.
a P values are from the χ2 or Fisher

exact test for binary/categorical
variables and from the
Mann-Whitney U test for continuous
variables. Baseline characteristics
are of intention-to-treat population
(all patients with group allocation,
surgery [other than no colorectal
cancer or abdominoperineal
resection]; n = 251).

b Patients were assessed as ASA III at
time of inclusion.

c Laparoscopic- or robot-assisted.
d Missing contains both missing

values and participants without any
blood loss perioperatively.
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ectomies (49.8%) and the fact that nearly all patients re-
ceived minimal invasive surgery. The low overall mean CCI
score contrasts with other studies.33,35,36 The interobserver
variability in reporting CCI score can account for some of the
CCI score differences. Length of hospital stay was also consid-

erably lower compared with another study.36 The participat-
ing hospitals had ERAS protocols in place for several years and
continuously assessed and improved aspects of periopera-
tive care. Implementation of ERAS has substantially im-
proved postoperative outcomes in these hospitals over the past

Figure 2. Complications Within 30 Days After Surgery
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Table 2. Six-Minute Walking Distance (6-MWD) Test Assessed 4 Weeks After Surgerya

6-MWD

No. (%)

P value
Prehabilitation group
(n = 123)

Control group
(n = 128)

Median (IQR), m 536 (470 to 603) 514 (428 to 568)
.06

Change from baseline to median (IQR), m 17.5 (−18.0 to 48) −5.0 (−38 to 34)

Missing 38 (30.9) 45 (35.2) NA

Difference from baseline ≥20 m 39 (31.7) 27 (21.1) .05

>400 m 4 wk After surgery 78 (63.4) 67 (52.3) .07

Abbreviation: NA, not applicable.
a Intention-to-treat population:

n = 251.

Figure 3. Secondary Outcomes
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decades. While ERAS interventions mainly focus on periopera-
tive and postoperative factors, prehabilitation is an intuitive
addition to this approach.

Limitations
The findings of the current trial should be interpreted with cau-
tion. The main limitation is the fact that the prespecified sample
size was not reached. Consequently, lack of power may dis-
tort the effect of prehabilitation on our primary and main sec-
ondary outcomes. Unfortunately, due to the COVID-19
pandemic, trial completion was deemed unfeasible within a
reasonable period. It was deemed unsafe for patients to have
frequent in-hospital sessions. Therefore, we decided to ter-
minate the study prematurely. Adjusting the protocol to a
home-based program was not an option as a large heteroge-
neity regarding the interventions was anticipated. Addition-
ally, study populations were likely different compared with the
pre–COVID-19 period since patients became more inactive due
to government restrictions. A delay in treatment as a result of
downscaling non–COVID-19 health care might also have re-

sulted in more advanced tumors.40 We did not include an un-
foreseen circumstances scenario in our study protocol, per-
haps a learning point for future trial initiators.

Another limitation is the open-label design of the trial. Par-
ticipants and the outcome assessors (except for the CCI score)
were not blinded, partially due to the nature of the interven-
tions. Risk of performance bias can therefore not be ex-
cluded. Finally, missing values were more frequent than an-
ticipated for the coprimary and secondary outcomes, although
secondary analyses with imputation confirmed the results of
the main analyses.

Conclusions
A 4-week in-hospital multimodal prehabilitation program for
patients undergoing elective resection of nonmetastasized co-
lorectal cancer decreased the number of severe and medical
postoperative complications and resulted in an enhanced func-
tional recovery after surgery.
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