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Objective: The objective of this study was to investigate the effect of

prehabilitation on survival after colorectal cancer surgery.

Summary of Background Data: Preoperative multimodal exercise and

nutritional programs (prehabilitation) improve functional capacity and recov-

ery following colorectal surgery. Exercise may also affect cancer outcomes by

mediating the systemic inflammatory response. The effect of prehabilitation

on cancer outcomes is unknown.

Methods: Pooleddatafrom3prehabilitationtrials(2randomizedcontrolledtrials,

1 cohort) in patients undergoing elective, biopsy-proven, primary non-metastatic

colorectal cancer surgery from 2009 to 2014 within an enhanced recovery program

were analyzed. Patients were grouped into þprehab or–prehab. The primary

outcomes were 5-year disease-free (DFS) and overall survival (OS). DFS and OS

were analyzed using Kaplan-Meier curves and multiple Cox regression.

Results: A total of 202 patients were included (þprehab 104, –prehab 98).

Median prehabilitation duration was 29 days (interquartile range 20–40).

Patient and tumor characteristics were well-balanced (33% stage III). Post-

operative complications and time to adjuvant chemotherapy were similar.

Mean duration of follow-up was 60.3 months (standard deviation 26.2). DFS

was similar for the combined group of stage I–III patients (P ¼ 0.244). For

stage III patients, prehabilitation was associated with improved DFS (73.4%

vs 50.9%, P ¼ 0.044). There were no differences in OS (P ¼ 0.226).

Prehabilitation independently predicted improved DFS (hazard ratio 0.45;

95% confidence interval, 0.21–0.93), adjusting for stage and other confound-

ers. Prehabilitation did not independently predict OS.

Conclusion: In this report, prehabilitation is associated with improved 5-year

DFS in stage III colorectal cancer. This finding should be confirmed in future trials.
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D espite advances in surgical techniques and implementation of
enhanced recovery pathways, the incidence of postoperative

complications following colorectal surgery remains high.1 Func-
tional capacity (physical and nutritional status as well as psychoso-
cial factors) has been identified as a potentially modifiable risk factor
for poor surgical outcomes.2 Several studies have demonstrated an
improvement in preoperative baseline functional capacity with tar-
geted trimodal prehabilitation, which includes exercise, nutritional
and psychological interventions.3–6 Prehabilitation before surgery
aims at improving patient physiological reserve to attenuate the risk
of postoperative functional decline, and potentially decrease the
incidence of postoperative complications and hasten recovery.4,6–10

Although early postoperative outcomes may be improved with
prehabilitation, it is unknown whether this translates into better
colorectal cancer outcomes.4,5,8,9 There is some evidence that patients
with lower baseline functional status have worse long-term oncologic
outcomes.11,12 Therefore, improvement of functional status through
targeted prehabilitation may result in better cancer outcomes, either by
influencing the timing of initiation and/or tolerability of adjuvant
therapies, or through the effect of exercise, which may alter dis-
ease-free survival through a variety of biochemical and physiologic
processes.4,6,7,12–17 The long-term effects of trimodal prehabilitation
on cancer outcomes have not yet been characterized. Therefore, the
objective of this study is to investigate the effect of trimodal preha-
bilitation on long-term oncologic outcomes after elective colorectal
cancer surgery.

METHODS

Study Population
A follow-up pooled analysis of 3 previous prospective studies

conducted at a single high-volume specialist-referral center from
July 2009 to August 2015 was performed.4,6,7 These included 1
prospective pre- and postintervention cohort study6 and 2 random-
ized controlled trials4,7 investigating the effect of the implementation
of a trimodal prehabilitation program on postoperative outcomes and
recovery in colorectal cancer patients. Detailed methodology regard-
ing patient enrolment, randomization, and group allocation has been
previously reported.4,6,7 In brief, adult patients undergoing colorectal
surgery for nonmetastatic colorectal adenocarcinoma, including
rectal tumors, were eligible to participate in those studies. Eligible
patients were referred to the prehabilitation program by their treating
surgeon. Subjects were excluded if they had metastatic disease at the
time of diagnosis, if they were diagnosed with any medical condition
precluding the safe use of physical activity, or if they were unable to
understand English or French sufficiently to accurately complete the
study questionnaires. The study protocol was approved by the local
institutional review board.

In the present study, patients were further excluded if they
underwent surgery for locally recurrent cancer, had in-situ disease on

pathology specimen, unresectable primary tumors, or appendiceal
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tumors. Patients with pulmonary nodules, liver lesions, or retroperi-
toneal lymphadenopathy noted on preoperative imaging with low
initial suspicion for metastatic disease, but recognized to be malig-
nant in the early postoperative period, were also excluded from this
study and labeled as having metastatic disease at the time of surgery.
None of the included patients were found to have an inherited
colorectal cancer syndrome, such as Lynch syndrome and familial
adenomatous polyposis.

Trimodal Prehabilitation
The trimodal prehabilitation program consisted of a combi-

nation of preoperative exercise, nutritional and psychosocial counsel-
ing. Patients randomized to the intervention group initially met with a
kinesiologist, nutritionist, and trained psychologist for a global
assessment. During this first visit, an individualized home exercise
program (30 minutes of moderate aerobic activity 3–4 times per
week with resistance training with7 or without supervision4,6),
nutritional counseling, whey protein isolate supplements, and anxi-
ety-reduction techniques were provided to patients. Patients were
instructed to follow their program until the day of their surgery.
Duration of prehabilitation was mainly determined by the wait time
until surgery and averaged 4 weeks in all studies. In 2 of the 3
included studies, control patients underwent a similar initial assess-
ment preoperatively, but were instructed to follow their program in
the postoperative period only (rehabilitation). Patients in the inter-
vention and control groups were encouraged to continue their
program for 8 weeks postoperatively. All 3 studies were conducted
within a mature enhanced recovery program after colorectal sur-
gery.18

Outcomes and Variable Definitions
Prospectively collected data from previous studies included

baseline patient demographics (age, sex, body mass index, comor-
bidities classified using the American Society of Anesthesiologists
score), prehabilitation program compliance, surgical procedure,
length of stay, and perioperative outcomes [postoperative complica-
tions were measured using the Clavien-Dindo (CD) classification
with severe complications defined as CD �3].19 After obtaining
institutional research ethics review board approval, tumor-related
variables were retrospectively collected from electronic medical
records and included tumor location, grade, lymphovascular inva-
sion, perineural invasion, margin status, pathological TNM stage,
lymph node harvest, and number of positive lymph nodes. Lymph
node ratio was calculated from available data and dichotomized as
<0.10 and �0.10.20 Date of initiation of adjuvant systemic therapy
was also recorded.

The primary outcomes of this study were 5-year disease-free
(DFS) and overall survival (OS). Last date of contact and vital status
at last contact were used to determine OS. Recurrence was deter-
mined from the review of all surveillance computed tomography scan
and colonoscopy reports performed as per routine surveillance
guideline schedule following curative resection of colorectal can-
cer.21 DFS was defined as the time interval between surgery and the
date of imaging/endoscopic test revealing the presence of metastatic
disease or local recurrence. Secondary outcomes included receipt of
adjuvant systemic therapy and time to initiation of systemic chemo-
therapy (oral or intravenous) from the day of surgery.

Statistical Analysis
Data are represented as n (%) for categorical variables and

mean (standard deviation, SD) or median (interquartile range, IQR)
for continuous variables. The prehabilitation and control groups were
compared. Univariate analyses were performed using student t test to

compare means and 2-sample Wilcoxon rank-sum (Mann-Whitney)

2 | www.annalsofsurgery.com

Copyright © 2019 Wolters Kluwer Health, Inc. Un
test for medians of continuous variables. Two-sided Fisher exact and
chi-square test were used for categorical variables. A subgroup
analysis of stage III disease was performed to assess and compare
chemotherapy-related outcomes between groups. Kaplan–Meier
survival curves were generated to describe 5-year DFS and OS,
and log-rank tests to compare the cumulative survival distributions.
Multiple regression analyses were performed using Cox proportional
hazard models to identify independent predictors of 5-year DFS and
OS, adjusting for potential confounders. A multiple regression
analysis using Cox proportional hazard model was completed for
the subgroup of patients with stage III disease. A subgroup analysis
was also performed for rectal cancer patients. All analyses were
performed using STATA 12.1 (StataCorp, College Station, TX).

RESULTS

A total of 244 patients were reviewed, of which 202 were
included. The prehabilitation group included 104 patients and the
control group 98 (Fig. 1). A total of 42 patients were excluded and
these were evenly distributed across studies. Baseline demographics,
tumor and operative characteristics as well as perioperative outcomes
were well balanced between groups (Tables 1 and 2). Mean age was
68.0 years (SD 11.0) and 26.7% of patients had ASA score�3.
Seventy-five patients (37.7%) had rectal tumors and 66 (32.7%) stage
III disease. Median prehabilitation duration was 29 days (IQR 20–
40) and median compliance with trimodal prehabilitation program
was 80% (IQR 50–100). For the rectal cancer patients, prehabilita-
tion took place during the wait time after neoadjuvant therapy. Mean
duration of follow-up was 60.3 months (SD 26.2). Receipt of
adjuvant therapy and timing of initiation of systemic chemotherapy
were similar between groups (Table 2).

On Kaplan-Meier survival analysis, 5-year cumulative OS and
DFS did not significantly differ between patients who underwent
prehabilitation and controls (96.4% vs 91.7% for OS and 85.3% vs
79.3% for DFS) (Figures 2A and 3). However, in the subgroup
analysis of stage III disease, prehabilitation was associated with
higher 5-year DFS compared to control group (73.4% vs 50.9%, log-
rank P ¼ 0.045) (Fig. 2B). Five-year DFS and OS were similar
between groups in the subgroup analysis of rectal cancer patients
(100% in the prehabilitation vs 94.5% in the control group for OS,
log-rank test P ¼ 0.173; 86.9% vs 79.9% for DFS, log-rank test P ¼
0.366) (Figure 4, supplemental, http://links.lww.com/SLA/B698).

Results of adjusted multiple Cox proportional hazard regres-
sion for DFS for all stages combined and for stage III disease are
shown in Table 3. After adjusting for possible confounders, trimodal
prehabilitation independently predicted improved DFS in all stages
combined and in the subgroup of patients with stage III disease. In the
OS models, prehabilitation was not significantly associated with the
outcome. In addition, none of the covariates independently predicted
OS as shown in Table 4. In the subgroup analysis of rectal cancer
patients, prehabilitation independently predicted improved DFS
(hazard ratio 0.22; 95% CI 0.05–0.91, P¼ 0.036) when confounders
were adjusted for (Table 5, supplemental, http://links.lww.com/SLA/
B698). Details regarding neoadjuvant therapy and wait times to
surgery can be found in Table 6 (supplemental, http://link-
s.lww.com/SLA/B698). Subgroup analyses of stage III disease and
rectal cancer were not performed for OS owing to the lack of events
(ie, death) (Fig. 3).

DISCUSSION

Trimodal prehabilitation is associated with an improvement in
preoperative functional capacity and short-term postoperative recov-
ery after major abdominal surgery, and may also decrease the

3–6,8–10,22
incidence of postoperative complications. Multiple recent
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FIGURE 1. Flow chart of study population.
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studies have also reported that exercise may alter DFS, but the long-
term effects of trimodal prehabilitation on oncologic outcomes have,
however, not yet been characterized.13–17 The objective of this study
was thus to investigate the effect of trimodal prehabilitation on
survival after colorectal cancer surgery.

In the present study, prehabilitation was associated with an
improved 5-year DFS in patients with stage III disease. A similar
result was not observed when all stages were combined likely
because of the low numbers of recurrences in stage I and II patients.
In our multivariate analysis, prehabilitation was identified as an
independent predictor of better DFS in all stages after adjusting for
possible confounders. Although the literature is limited, our results
compare to a recent study by West et al,23 in which a greater
proportion of subjects included in the prehabilitation group were
found to have pathological tumor regression when compared to the
control group. In addition, their study reported that exercise pre-
habilitation reversed the fall in functional capacity seen as a result of
neoadjuvant therapy in patients with locally advanced rectal can-
cer.23 Although we detected a statistically significant difference in
5-year DFS, we did not see any difference in 5-year OS. Our study
may have been underpowered to detect a difference in OS owing to
the small number of events and a type 2 error may have been
introduced. However, it is very difficult to demonstrate statistically

significant difference in OS in colorectal cancer studies given the

� 2019 Wolters Kluwer Health, Inc. All rights reserved.
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high 5-year survival rate. In addition, DFS has been shown to be a
good surrogate marker for OS.24–28 Furthermore, since improve-
ments in DFS were only identified in the subgroup analysis of stage
III disease, concerns about multiple comparisons could be raised.
However, the same effect was identified for the entire study group
when confounders were adjusted for, which argues against multiple
comparison problems.

Predictors of disease recurrence and adverse outcomes follow-
ing curative surgical resection of colorectal cancer mainly include
nonmodifiable tumor- and surgery-dependent characteristics.21,29–35 It
is estimated that 25% to 40% of colorectal cancer patients experience
disease recurrence in the first 5 years following definitive surgical
treatment, highlighting the clinical importance of this problem.36,37 In
our study, we identified a potentially risk-modifying intervention for
long-term oncologic outcomes in patients undergoing curative-intent
surgical resection of primary nonmetastatic colorectal cancer. The
implementation of prehabilitation programs is feasible and may have
other health benefits.38,39 Nevertheless, there are concerns about the
impact of delaying definitive surgical care to allow for adequate
prehabilitation. However, a recent study by Curtis et al revealed that
a delay of>12 weeks from diagnosis to resection did not impact OS.40

This suggests that there is, in fact, a safe preoperative window for
adequate prehabilitation without significantly affecting cancer out-

comes as a result of disease progression.
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TABLE 1. Baseline Characteristics and Perioperative Out-
comes Data Presented as n (%) Unless Otherwise Specified

Variables
Prehab Group,

n ¼ 104
Control Group,

n ¼ 98 P

Mean age, y (SD) 68.8 (11.3) 67.1 (10.6) 0.278
Male sex 61 (58.7) 63 (64.3) 0.411
Mean body mass

index (SD)
27.3 (4.4) 27.6 (4.8) 0.606

ASA
1 11 (10.6 12 (12.2) 0.598
2 68 (65.4) 57 (58.2)
3 25 (24.0) 28 (28.6)
4 0 1 (1.0)

Procedure�

RHC 33 (31.7) 25 (25.5) 0.295
LHC 10 (9.6) 6 (6.1)
AR/SR 21 (20.2) 26 (26.5)
LAR 29 (27.9) 31 (31.6)
Subtotal 0 3 (3.1)
APR 10 (9.6) 5 (5.1)
Transverse 1 (1.0) 2 (2.0)

Surgical approach
Open 8 (7.7) 5 (5.1) 0.603
Laparoscopic 91 (87.5) 90 (91.8)
Converted to open 5 (4.8) 3 (3.1)
Stoma creation 28 (26.9) 33 (33.7) 0.296
Median length of stay,
days (IQR)

4 (3–6.5) 4 (3–6) 0.777

30-day complications 40 (38.5) 32 (32.7) 0.389
Superficial SSI 8 (7.7) 7 (7.1) 0.882
Deep SSI 4 (3.9) 6 (6.1) 0.528
Ileus 19 (18.3) 15 (15.3) 0.574
Cardiovascular 4 (3.9) 2 (2.0) 0.684
Respiratory 7 (6.7) 4 (4.1) 0.539
Severe 30-day complications
(Clavien-Dindo �3)

6 (5.8) 5 (5.1) 0.835

30-day ER visits 17 (16.4) 15 (15.3) 0.840
30-day readmissions 10 (9.6) 12 (12.2) 0.549
30-day reoperation 1 (1.0) 2 (2.0) 0.612

SSI indicates surgical site infection.
�Procedure: RHC, right hemicolectomy; LHC, left hemicolectomy; AR/SR,

anterior/sigmoid resection; LAR, low anterior resection; Subtotal, subtotal
colectomy; APR, abdominoperineal resection; Transvers, transverse colectomy.

TABLE 2. Tumor Characteristics Data Presented as n (%)
Unless Otherwise Specified

Variables

Prehab
Group,
n ¼ 104

Control
Group,
n ¼ 98 P

Tumor location
Right-sided 34 (32.7) 27 (28.4) 0.766
Left-sided 31 (29.8) 32 (33.7)
Rectal 39 (37.5) 36 (37.9)
Neoadjuvant therapy 23 (59.0) 24 (66.7) 0.491

(y)pTNM
0/1 36 (34.6) 37 (37.8) 0.910
2 32 (30.8) 31 (31.6)
3 36 (34.6) 30 (30.6)

(y)pT
0/1 22 (21.2) 22 (22.5) 0.963
2 22 (21.2) 22 (22.5)
3 52 (50.0) 47 (48.0)
4 8 (7.7) 7 (7.1)

(y)pN
0 69 (66.4) 68 (69.4) 0.891
1 25 (24.0) 21 (21.4)
2 10 (9.6) 9 (9.2)

Total nodes, median (IQR) 19 (13–28) 19 (13–25) 0.989
Positive nodes, median (IQR) 0 (0–1) 0 (0–1) 0.565
Lymph node ratio �0.10 15 (48.4) 14 (56.0) 0.571
High-grade tumor 8 (7.7) 10 (10.3) 0.516
Lymphovascular invasion 38 (36.9) 35 (36.1) 0.905
Perineural invasion 35 (34.3) 28 (28.9) 0.409
Positive margins 4 (3.9) 3 (3.1) 1.000
Receipt of adjuvant

chemotherapy
35 (33.7) 29 (29.6) 0.535

Timing of initiation of
adjuvant chemotherapy

(n ¼ 36) (n ¼ 30)

in stage III
None 6 (16.7) 3 (10.0) 0.537
�56 days 24 (66.7) 19 (63.3)
>56 days 6 (16.7) 8 (26.7)

Mean follow-up duration,
mo (SD)

59.2 (24.4) 63.0 (28) 0.179

FIGURE 2. Kaplan-Meier survival curves of 5-year disease-free survival in patients undergoing prehabilitation vs control for (A) all
stages and (B) stage III disease.
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TABLE 4. Multivariate analysis of Overall Survival for all
Stages�

Variables Hazard Ratio 95% Confidence Interval

Age 1.04 0.97–1.11
Male sex 1.10 0.31–3.93
ASA �3 0.65 0.13–3.11
Prehabilitation 1.99 0.50–8.02
Rectal cancer 0.38 0.08–1.86
Node-positive disease 1.37 0.16–11.88
Adjuvant chemotherapy 0.77 0.09–6.66

�All covariates included in the model are mentioned in the table.

FIGURE 3. Kaplan-Meier survival curves of 5-year overall sur-
vival in patients undergoing prehabilitation vs control for all
stages.

Annals of Surgery � Volume XX, Number XX, Month 2019 Better DFS After prehab for CRC Surgery
Several different mechanisms may potentially explain the
results observed in our study. Exercise may alter disease-free survival
through a variety of biochemical and physiologic processes.13–17

Aerobic exercise may affect cancer outcomes by reducing excess
visceral adipose tissue, an independent predictor of disease recur-
rence and mortality among colon cancer patients.13,14 Furthermore,
physical activity inhibits inflammatory cytokine production in adi-
pose tissue, which has been associated with recurrence and mortality
in individuals with colorectal cancer.15 Evidence supports the pres-
ence of other independent anti-inflammatory effects of exercise
beyond the reduction of visceral fat alone.41 Circulatory shear flow
induced by aerobic activity may also alter the viability, proliferation,
and metastatic potential of circulating tumor cells.17

Although this evidence suggests a beneficial effect on survival
with exercise, it is unclear whether prehabilitation results in long-
term lifestyle changes that are significant enough to explain our
results. In our study, data on levels of physical activity beyond
8 weeks postoperatively were not available and the long-term effects
of prehabilitation on exercise pattern could not be assessed. However,

patients who initiated the program in the preoperative period had a

TABLE 3. Multivariate Analysis of Disease-free Survival at All
Stages and Stage III�

Variables
All Stages Hazard

ratio (95% CI)
Stage III Hazard
ratio (95% CI)

Age, per additional year 1.03 (1.00–1.07) 1.04 (0.99–1.08)
Male sex 1.23 (0.58–2.59) 1.16 (0.46–2.90)
ASA �3 0.65 (0.28–1.52) 0.46 (0.14–1.47)
Rectal surgery 0.78 (0.35–1.75) 1.01 (0.38–2.67)
Laparoscopy 0.43 (0.12–1.52) 0.36 (0.07–1.83)
Severe 30-day complications

(Clavien-Dindo �3)
1.17 (0.15–9.24) 3.10 (0.34–28.19)

(y)pTNM stage
1 Ref —
2 4.61 (0.97–21.89) —
3 32.33 (5.81–179.94) —

Positive margins 3.99 (1.22–13.06) 3.71 (1.09–12.70)
Adjuvant chemotherapy 0.40 (0.13–1.24) 0.32 (0.09–1.14)
Prehabilitation 0.45 (0.21–0.93) 0.26 (0.10–0.68)

�All covariates included in the model are mentioned in the table.
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higher adherence immediately after surgery compared to those
beginning the program postoperatively.4 It is also unknown
whether a dose–response relationship exists between the degree
of compliance with prehabilitation programs and cancer outcomes.
Furthermore, the additional roles of nutritional optimization and
psychological counseling cannot be ruled out as essential contrib-
utors to the observed improvement in DFS.42 Protein supplemen-
tation enhances muscle protein synthesis by providing adequate
substrates for the anabolic effects of exercise resulting in increased
lean body mass, muscle strength, and functional capacity.43 Nev-
ertheless, exercise, with nutritional optimization, is likely to play
an important role in the recurrence rate decrease identified in the
present study.

In addition, the improved preoperative baseline functional
capacity achieved with prehabilitation may contribute to our results.
Previous studies have reported that patients with a lower baseline
functional status have poorer long-term oncologic outcomes, sug-
gesting that an improvement in functional status may result in better
survival.11,12 Patients with higher functional capacity may have
earlier initiation of adjuvant systemic therapy. However, prehabi-
litation was not associated with shorter time to initiation of adjuvant
systemic therapy in our study. Other hypotheses include improved
tolerance of systemic therapy as patients with higher functional
capacity experience less clinically significant chemotherapy-
related side-effects and complications that may affect cycle com-
pletion and dose reduction rate.12 Improving preoperative baseline
functional capacity may thus optimize chemotherapy regimen com-
pletion and survival.

Furthermore, prehabilitation may improve survival by
decreasing the incidence of postoperative complications. The current
body of literature, however, does not strongly support a decrease in
postoperative morbidity with prehabilitation likely owing to the fact
that most studies in colorectal cancer were underpowered to detect a
significant difference.8-10 In our study, prehabilitation did not reduce
the incidence of postoperative complications. Nonetheless, postop-
erative complications have been associated with worse oncologic
outcomes by delaying initiation of adjuvant therapy, and by mediat-
ing the systemic inflammatory response, an important predictor of
adverse long-term prognosis.15,44–53 Targeted prehabilitation may
mediate a decrease in postoperative morbidity by increasing func-
tional capacity and result in better oncologic outcomes by decreasing
delays in initiation to adjuvant therapy.44,45

The findings of our study should be interpreted in light of
several other limitations. First, the heterogeneity of prehabilitation
programs in the 3 pooled studies may have affected our results. It is
possible that the survival benefit seen with prehabilitation was
greater in patients who participated in supervised exercise sessions
compared to those who were randomized to the home-based regimen.

However, the sample size did not allow for a subgroup analysis. In
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addition, as controls also underwent a preoperative multidisciplin-
ary assessment, they may have implemented lifestyle changes as a
result of their awareness of the study (Hawthorne effect). This
phenomenon may have resulted in exposure misclassification in
the control group and reduced the effect size of the association
identified in our study.

Furthermore, although validated frailty measurement tools or
questionnaires were not used in patient selection in the initial studies,
patients with lower baseline functional capacity seem to benefit the
most from prehabilitation; a greater effect on long-term oncologic
outcomes may be observed in this subgroup of frail patients.54

However, in our study, data were not available to compare frailty
indices between groups. Similarly, a subgroup analysis of frail
patients could not be performed. Nevertheless, as our study popula-
tion may have included healthy patients who are at low-risk of
postoperative complications and functional decline, the beneficial
effect of prehabilitation could simply reflect the beneficial properties
of physical activity rather than the reduction in postoperative mor-
bidity and improvement in functional recovery. Additionally, both
colon and rectal cancer patients were included in this study and
oncologic outcomes may differ between these two subgroups. In our
study, we identified a possibly better DFS in prehabilitation patients
with rectal cancer, but the effect did not demonstrate statistical
significance, perhaps reflecting our small sample size. Lastly, in
the present study, we conducted a post hoc analysis of 3 pooled trials.
Initial power calculation and randomization were therefore not
conducted to assess long-term outcomes, which may impact
our results.

CONCLUSION

In this report, prehabilitation was not associated with improve-
ment in OS, which may reflect the presence of type 2 error. However,
despite the small sample size and heterogeneous study population,
trimodal prehabilitation was associated with improved 5-year DFS in
stage III colorectal cancer and independently predicted 5-year DFS
for all stages on multiple regression analysis. This study may thus
provide very preliminary evidence supporting the use of routine
prehabilitation as an important adjunct in the treatment of primary
nonmetastatic colorectal cancer, but should be confirmed in larger
prospective trials. Future studies examining the cost implications of
this intervention should be conducted to better assess prospects for
scale-up, and optimize cancer care.

REFERENCES
1. Greco M, Capretti G, Beretta L, et al. Enhanced recovery program in

colorectal surgery: a meta-analysis of randomized controlled trials. World J
Surg. 2014;38:1531–1541.

2. Lawrence VA, Hazuda HP, Cornell JE, et al. Functional independence after
major abdominal surgery in the elderly. J Am Coll Surg. 2004;199:762–772.

3. Carli F, Charlebois P, Stein B, et al. Randomized clinical trial of prehabilitation
in colorectal surgery. Br J Surg. 2010;97:1187–1197.

4. Gillis C, Li C, Lee L, et al. Prehabilitation versus rehabilitation: a randomized
control trial in patients undergoing colorectal resection for cancer. Anesthesi-
ology. 2014;121:937–947.

5. Jensen BT, Petersen AK, Jensen JB, et al. Efficacy of a multiprofessional
rehabilitation programme in radical cystectomy pathways: a prospective
randomized controlled trial. Scand J Urol. 2015;49:133–141.

6. Li C, Carli F, Lee L, et al. Impact of a trimodal prehabilitation program on
functional recovery after colorectal cancer surgery: a pilot study. Surg Endosc.
2013;27:1072–1082.

7. Bousquet-Dion G, Awasthi R, Loiselle SE, et al. Evaluation of supervised
multimodal prehabilitation programme in cancer patients undergoing colo-
rectal resection: a randomized control trial. Acta Oncol. 2018;57:849–859.

8. Bruns ER, van den Heuvel B, Buskens CJ, et al. The effects of physical
prehabilitation in elderly patients undergoing colorectal surgery: a systematic

review. Colorectal Dis. 2016;18:O267–O277.

6 | www.annalsofsurgery.com

Copyright © 2019 Wolters Kluwer Health, Inc. Un
9. Hijazi Y, Gondal U, Aziz O. A systematic review of prehabilitation programs
in abdominal cancer surgery. Int J Surg. 2017;39:156–162.

10. Moran J, Guinan E, McCormick P, et al. The ability of prehabilitation to
influence postoperative outcome after intra-abdominal operation: a systematic
review and meta-analysis. Surgery. 2016;160:1189–1201.

11. Fagard K, Leonard S, Deschodt M, et al. The impact of frailty on postoperative
outcomes in individuals aged 65 and over undergoing elective surgery for
colorectal cancer: a systematic review. J Geriatr Oncol. 2016;7:479–491.

12. Handforth C, Clegg A, Young C, et al. The prevalence and outcomes of frailty
in older cancer patients: a systematic review. Ann Oncol. 2015;26:1091–1101.

13. Xiao J, Mazurak VC, Olobatuyi TA, et al. Visceral adiposity and cancer
survival: a review of imaging studies. Eur J Cancer Care (Engl).
2018;27:e12611.

14. Brown JC, Zemel BS, Troxel AB, et al. Dose-response effects of aerobic
exercise on body composition among colon cancer survivors: a randomised
controlled trial. Br J Cancer. 2017;117:1614–1620.

15. McMillan DC, Canna K, McArdle CS. Systemic inflammatory response
predicts survival following curative resection of colorectal cancer. Br J Surg.
2003;90:215–219.

16. Sandhu M, Dunger D, Giovannucci E. Insulin insulin-like growth factor-I,
(IGF-I), IGF binding proteins, their biologic interactions, and colorectal
cancer. J Natl Cancer Inst. 2002;94:972–980.

17. Fan R, Emery T, Zhang Y, et al. Circulatory shear flow alters the viability and
proliferation of circulating colon cancer cells. Sci Rep. 2016;6:27073.

18. Carli F, Charlebois P, Baldini G, et al. An integrated multidisciplinary
approach to implementation of a fast-track program for laparoscopic colorec-
tal surgery. Can J Anaesth. 2009;56:837–842.

19. Clavien P, Sanabria J, Strasberg S. Proposed classification of complications
of surgery with examples of utility in cholecystectomy. Surgery.
1992;111:518–526.

20. Aoyama T, Yamamoto N, Kamiya M, et al. The lymph node ratio is an
independent prognostic factor in pancreatic cancer patients who receive
curative resection followed by adjuvant chemotherapy. Anticancer Res.
2018;38:4877–4882.

21. Steele S, Chang G, Hendren S, et al. Practice guideline for the surveillance of
patients after curative treatment of colon and rectal cancer. Dis Colon Rectum.
2015;58:713–725.

22. Luther A, Gabriel J, Watson RP, et al. The impact of total body prehabilitation
on post-operative outcomes after major abdominal surgery: a systematic
review. World J Surg. 2018;42:2781–2791.

23. West MA, Astin R, Moyses HE, et al. Exercise prehabilitation may lead to
augmented tumor regression following neoadjuvant chemoradiotherapy in
locally advanced rectal cancer. Acta Oncol. 2019;58:588–595.

24. Broglio KR, Berry DA. Detecting an overall survival benefit that is derived
from progression-free survival. J Natl Cancer Inst. 2009;101:1642–1649.

25. Chirila C, Odom D, Devercelli G, et al. Meta-analysis of the association
between progression-free survival and overall survival in metastatic colorectal
cancer. Int J Colorectal Dis. 2012;27:623–634.

26. Giessen C, Laubender RP, Ankerst DP, et al. Progression-free survival as a
surrogate endpoint for median overall survival in metastatic colorectal cancer:
literature-based analysis from 50 randomized first-line trials. Clin Cancer Res.
2013;19:225–235.

27. Gill S, Sargent D. End points for adjuvant therapy trials: has the time come to
accept disease-free survival as a surrogate end point for overall survival?
Oncologist. 2006;11:624–629.

28. Shi Q, de Gramont A, Grothey A, et al. Individual patient data analysis of
progression-free survival versus overall survival as a first-line end point for
metastatic colorectal cancer in modern randomized trials: findings from the
analysis and research in cancers of the digestive system database. J Clin Oncol.
2015;33:22–28.

29. Blumberg D, Paty PB, Picon AI, et al. Stage I rectal cancer: identification of
high-risk patients. J Am Coll Surg. 1998;186:574–579.

30. Park IJ, You YN, Agarwal A, et al. Neoadjuvant treatment response as an early
response indicator for patients with rectal cancer. J Clin Oncol.
2012;30:1770–1776.

31. Patel SA, Chen YH, Hornick JL, et al. Early-stage rectal cancer: clinical and
pathologic prognostic markers of time to local recurrence and overall survival
after resection. Dis Colon Rectum. 2014;57:449–459.

32. Russell MC, You YN, Hu CY, et al. A novel risk-adjusted nomogram for rectal
cancer surgery outcomes. JAMA Surg. 2013;148:769–777.

33. Secco GB, Fardelli R, Gianquinto D, et al. Efficacy and cost of risk-adapted
follow-up in patients after colorectal cancer surgery: a prospective, random-

ized and controlled trial. Eur J Surg Oncol. 2002;28:418–423.

� 2019 Wolters Kluwer Health, Inc. All rights reserved.

authorized reproduction of this article is prohibited.



CE: R.R.; ANNSURG-D-19-00616; Total nos of Pages: 9;

ANNSURG-D-19-00616

Annals of Surgery � Volume XX, Number XX, Month 2019 Better DFS After prehab for CRC Surgery
34. Tong LL, Gao P, Wang ZN, et al. Is pT2 subclassification feasible to predict
patient outcome in colorectal cancer? Ann Surg Oncol. 2011;18:1389–1396.

35. Tsai HL, Chu KS, Huang YH, et al. Predictive factors of early relapse in UICC
stage I-III colorectal cancer patients after curative resection. J Surg Oncol.
2009;100:736–743.

36. Tjandra J, Chan M. Follow-up after curative resection of colorectal cancer: a
meta-analysis. Dis Colon Rectum. 2007;50:1783–1799.

37. Nelson H, Sargent DJ, Wieand HS, et al. A Comparison of laparoscopically
assisted and open colectomy for colon cancer. N Engl J Med. 2004;350:2050–
2059.

38. Spanjersberg WR, Reurings J, Keus F, et al. Fast track surgery versus
conventional recovery strategies for colorectal surgery. Cochrane Database
Syst Rev. 2011;CD007635.

39. Zhuang CL, Ye XZ, Zhang XD, et al. Enhanced recovery after surgery
programs versus traditional care for colorectal surgery: a meta-analysis of
randomized controlled trials. Dis Colon Rectum. 2013;56:667–678.

40. Curtis NJ, West MA, Salib E, et al. Time from colorectal cancer diagnosis to
laparoscopic curative surgery-is there a safe window for prehabilitation? Int J
Colorectal Dis. 2018;33:979–983.

41. Flynn MG, McFarlin BK, Markofski MM. The anti-inflammatory actions of
exercise training. Am J Lifestyle Med. 2007;1:220–235.

42. Fearon KC, Jenkins JT, Carli F, et al. Patient optimization for gastrointestinal
cancer surgery. Br J Surg. 2013;100:15–27.

43. Gillis C, Loiselle SE, Fiore JF Jr, et al. Prehabilitation with whey protein
supplementation on perioperative functional exercise capacity in patients
undergoing colorectal resection for cancer: a pilot double-blinded randomized
placebo-controlled trial. J Acad Nutr Diet. 2016;116:802–812.

44. Lee L, Schwartzman K, Carli F, et al. The association of the distance walked in
6 min with pre-operative peak oxygen consumption and complications 1 month
after colorectal resection. Anaesthesia. 2013;68:811–816.

45. Minnella EM, Liberman AS, Charlebois P, et al. The impact of improved
functional capacity before surgery on postoperative complications: a study in
colorectal cancer. Acta Oncol. 2019;58:573–578.

46. Cienfuegos JA, Baixauli J, Beorlegui C, et al. The impact of major postopera-
tive complications on long-term outcomes following curative resection of
colon cancer. Int J Surg. 2018;52:303–308.

47. Law WL, Choi HK, Lee YM, et al. The impact of postoperative complications
on long-term outcomes following curative resection for colorectal cancer. Ann
Surg Oncol. 2007;14:2559–2566.

48. Mrak K, Eberl T, Laske A, et al. Impact of postoperative complications on
long-term survival after resection for rectal cancer. Dis Colon Rectum.
2013;56:20–28.

49. Nathan H, Yin H, Wong SL. Postoperative complications and long-term
survival after complex cancer resection. Ann Surg Oncol. 2017;24:638–644.

50. Hendren S, Birkmeyer JD, Yin H, et al. Surgical complications are associated
with omission of chemotherapy for stage III colorectal cancer. Dis Colon
Rectum. 2010;53:1587–1593.

51. Merkow RP, Bentrem DJ, Mulcahy MF, et al. Effect of postoperative com-
plications on adjuvant chemotherapy use for stage III colon cancer. Ann Surg.
2013;258:847–853.

52. Tevis SE, Kohlnhofer BM, Stringfield S, et al. Postoperative complications in
patients with rectal cancer are associated with delays in chemotherapy that
lead to worse disease-free and overall survival. Dis Colon Rectum.
2013;56:1339–1348.

53. Coussens LM, Werb Z. Inflammation and cancer. Nature. 2002;420:860–867.

54. Minnella EM, Awasthi R, Gillis C, et al. Patients with poor baseline walking
capacity are most likely to improve their functional status with multimodal
prehabilitation. Surgery. 2016;160:1070–1079.

DISCUSSANTS

J.W. Fleshman, Jr. (Dallas, TX):
Thank you, Dr. McLeod. As we all know, the American

College of Surgeons is emphasizing strong for surgery in the pre-
op evaluation phase of care for all surgical patients, and the impact of
surgical outcomes is positive in that program thus far.

The authors have essentially reported a retrospective review of
202 patients from a single institution, which were treated with

prehabilitation before laparoscopic surgical treatment of colorectal
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cancer in a setting of enhanced recovery after surgery. Prehabilitation
included exercise, nutrition, and anxiety reduction for 4 weeks with
no specific end point or goal. The rehab also continued for 8 weeks
postoperatively in most cases. Improved surgical outcomes were
reported previously. However, making the stretch to documenting the
impact of prehabilitation on cancer outcomes may be a bridge too far,
so to speak.

This is a very heterogenous group as determined by stage,
operation, tumor site, and use of adjuvant therapy. No frailty or
function scores were measured at baseline, and only 25% of the
group was ASA–3 who might have benefited from prehabilitation.

The study is missing sample size and power calculation
because of the retrospective nature of the study, and unfortunately
the conclusion is based on a very small separate subset analysis
performed on the 30% of the patient group with stage 3 disease who
received chemotherapy adjuvantly, and then again for the 30% of the
patient group with rectal cancer.

I would like to give a cautionary comment. No difference was
found between the control and prehab groups based on surgical
outcomes or OS and DFS, but a negative conclusion cannot be drawn
because of the small sample size.

Also, subset analysis in the 66 patients with stage 3 cancer
revealed improvement in DFS after prehabilitation. This subset
analysis cannot be adequately powerful in such a small group, I
am afraid. Adjusting for confounding factors in stage 3 colorectal
cancer and all rectal cancer resulted in improved DFS in patients in
the prehabilitation group.

The use of neoadjuvant therapy in rectal cancer has already
been shown to improve DFS in rectal cancer patients. And I might
add, neoadjuvant treatment was performed in 48 of 75 rectal cancer
patients in this study.

I have 2 questions for the authors:
Could variation in wait times after neoadjuvant therapy for

rectal cancer have impacted the prehabilitation outcomes?
Was the wait time extended and the prehabilitation extended to

accommodate that wait time? How did the neoadjuvant therapy itself
affect the prehabilitation compliance for those patients? Was it
different from the colon cancer patients?

Number 2, rectal cancer adds complexity to the equation
including diverting ostomy, neoadjuvant therapy, quality of life
issues after reconstruction, and decreased survival compared to colon
cancer. Would it not be better to analyze colon cancer separately?
And having said that, what would be your recommendation for the
ideal study to address your question?

Response From L. Lee:
Thank you, Dr Fleshman, for your comments. You are cer-

tainly right in that this is a retrospective study and certainly does have
all the limitations inherent to essentially doing the secondary analysis
of pretrials.

I will try to address some of your comments as you bring
them up.

You are right in that none of these patients had any frailty
indices that were assessed before surgery. The initial trials, especially
the first one, was done as proof of contact, especially the very first
prospective cohort that was done to demonstrate that this had some
sort of effect, and our subsequent randomized trials were done to try
to answer that question in a more scientifically rigorous manner.

The patient selection for these initial trials was, Are you
willing to participate? A lot of this was secondary to whether you
live close enough to come back for a lot of the interventions and the
study questionnaires as well as the 6-minute walk test.

We are now doing another randomized trial looking spe-

cifically at frail patients, and these patients get the full frailty
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assessment. This is currently ongoing, so hopefully we will
be able to give you some answers to that relatively soon, but
we are excited about the prehabilitation program. We strongly
believe in it.

Just to go a little further on this, for the patients that we
think would benefit from prehabilitation but do not necessarily fit
into the trial inclusion criteria are referred anyway and undergo
the program off protocol because we really strongly believe in
this. And when you anecdotally talk to patients, and we have done
certain other studies about the patient experience, they strongly
believe in it as well and really feel that this has helped them quite
a lot.

In terms of your power comment, I do not really have
anything other than to say we are limited to the data that we have,
as this was a secondary analysis of 3 trials. Again, the trial that we
are currently undergoing as part of this multi-institutional inter-
national collaboration is powered appropriately for these out-
comes, so again you are going to have to wait a little bit for
the true answer to this question.

In terms of your 2 questions about rectal cancer, you are right.
What seems as a relatively small minority of patients received
neoadjuvant therapy in this cohort is unique to our center. We do
a lot of trials regarding neoadjuvant therapy, and we try to not have
too much study fatigue with patients. Also, a lot of the patients in the
present study mostly had upper rectal cancers that do not necessarily
require chemoradiotherapy. We also have many patients that are
referred to having already completed neoadjuvant therapy at an
outside institution and are referred to our center for definitive
surgery. These patients are commonly seen 8, 12 weeks after
completion of neoadjuvant therapy, and resection within 4 to 6
weeks, and this is when these patients get enrolled onto the pre-
habilitation program if they are eligible. So we do not alter the
interval for surgery for the completion of the neoadjuvant therapy to
surgery, or prehabilitation program, and this is true for colon cancer
patients as well.

To answer your last question about whether we should be
analyzing rectal cancer as well as colon cancer together, we were
limited by sample size. As mentioned previously, we are now doing
another trial in rectal cancer patients specifically trying to do
prehabilitation during the entire 8- to 12-week interval of surgery
to answer those questions because there are data right now suggesting
that exercise during this time will increase the effectiveness of
neoadjuvant therapy, and these patients may have higher rates of
pathologic complete response.

Again, yes, this is basically a hypothesis-generating study
to give some basis to the ongoing trials that we are part of. So it
might take a little bit longer for us to have that data but, it
is coming.

M. Zenilman (Brooklyn, NY):
Congratulations on leading the charge with prehabilitation. I

have 3 simple questions.
First, in patients who did not get neoadjuvant therapy, did you

have any pushback waiting 4 weeks for the cancer operation?
Second, as with anything else, sometimes we do not

measure the right things. So I am not so sure when you are trying
to do implement novel therapies, that 30 day morbidity
and mortality are what is relevant. Activities of daily living are
really more appropriate in frail and elderly patients who are at
risk. Can they eat by themselves? Can they bathe themselves?
Can they ambulate independently? This may be why we have
really seen a lot of data showing that prehabilitation makes

a difference.
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Lastly, have you considered using any pharmacologic inter-
vention? Some articles out there are showing rapamycin or the
MTOR inhibitors can actually stop the senescence of cells in mice,
and I haven’t seen anybody try to use in humans.

Response From L. Lee:
Thank you, Dr Zenilman. Again, in terms of the wait time,

our standard wait time in Canada is about 4 weeks from initial
clinic visit to time of surgery. But this is a comment that
constantly comes up when we talk about prehabilitation. Are
we putting the patient at risk by waiting for surgery? There are
increasing data to suggest that you can probably wait up to about
6 weeks from time of diagnosis to surgery without really any
difference in long-term outcomes. We don’t really have that much
of a pushback in those cases.

As to your second question about the outcome measure, you
are right in that for older patients, they do not necessarily think about
long-term oncologic outcomes. Recovery may be a more important
outcome for these patients.

We use the 6-minute walk test as the primary outcome
measure for these prehabilitation trials, and we had a lot of pushback
initially because there were people saying, What is this outcome
measure? But we have shown that a higher 6-minute walk test is
associated with higher functional status and capacity. So this is
certainly a surrogate outcome. But activities of daily living itself
are a bit messy as an outcome measure.

In terms of your third question about pharmacologic therapy,
we have not really considered it. It is definitely an interesting point.

M. Stelzner (Los Angeles, CA):
I work at the veterans hospital, and we have it a little easier

because we have geriatric centers in many places that we can ask, and
they are willing to help us with these kinds of things.

I wonder when looking at your data, Dr Fleshman alluded to
the issue of addressing the area of the patient population, and you
said in the beginning the recruitment was very different 5 years
later. What is your estimate as far as the heterogeneity in the
intervention is concerned? Because what I see is that our geria-
tricians who are still new at this and are developing what they do
with these patients over time, and as you are looking at the time
period of 5 years, there may have well been developments in how
the therapy or the intervention is structured, so this was not a very
uniform thing that you would have with chemotherapy. Maybe that
is part of the reason why you did not see as many benefits as you
had probably anticipated.

Response From L. Lee:
Again, that brings up a very interesting thing. The very

first prehabilitation trial that we did, which we did not include in
this, we randomized our patients to very intense versus less
intense exercise. We had very low compliance in the very intense
exercise because patients simply were not able to do it. For
example, rectal cancer patients would not do it because they
could not sit on the bike. So we learned a lot of lessons from that
initial trial.

Each one of these 3 trials built upon each other. Starting from
the first trial, our prehabilitation program was already structured. In
terms of the exercise program, for example, they met with a physical
therapist who tailored exercise programs based on exertion, their
heart rate, using a combination between light resistant exercises such
as hip extensions as well as moderate aerobic activities. We let the
patients decide if they wanted to walk, run, swim, bike, whatever they

wanted to do. And then the subsequent trials built onto that to the
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point where the last one tested whether supervised sessions could
improve the beneficial effect.

We were not really able to analyze these separately because of
the sample size issues.

Response From M. Stelzner (Los Angeles, CA):
Are you moving now to a more goal oriented system where

you say some patients may take 3 weeks and others may take 6 weeks

to get to the same increment of improvement?
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Response From L. Lee:
Yes, definitely. Again, this is a little bit intuitive, but the

worse you are, the more benefit you are able to see. For example,
if a very fit patient was to be enrolled in a prehabilitation program,
I probably would not have that much of a benefit compared to
someone who was essentially bed-bound. Our latest trial demon-
strated that prehabilitation patients were more likely to have
increased their overall physical activity as well as intensity

of exercise.
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