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ABSTRACT

BACKGROUND
Preclinical and observational studies suggest that exercise may improve cancer out-
comes. However, definitive level 1 evidence is lacking.

METHODS

In this phase 3, randomized trial conducted at 55 centers, we assigned patients with
resected colon cancer who had completed adjuvant chemotherapy to participate in a
structured exercise program (exercise group) or to receive health-education materials
alone (health-education group) over a 3-year period. The primary end point was
disease-free survival.

RESULTS

From 2009 through 2024, a total of 889 patients underwent randomization to the
exercise group (445 patients) or the health-education group (444 patients). At a
median follow-up of 7.9 years, disease-free survival was significantly longer in the
exercise group than in the health-education group (hazard ratio for disease recur-
rence, new primary cancer, or death, 0.72; 95% confidence interval [CI], 0.55 to
0.94; P=0.02). The 5-year disease-free survival was 80.3% in the exercise group and
73.9% in the health-education group (difference, 6.4 percentage points; 95% CI,
0.6 to 12.2). Results support longer overall survival in the exercise group than in
the health-education group (hazard ratio for death, 0.63; 95% CI, 0.43 to 0.94). The
8-year overall survival was 90.3% in the exercise group and 83.2% in the health-
education group (difference, 7.1 percentage points; 95% CI, 1.8 to 12.3). Musculo-
skeletal adverse events occurred more often in the exercise group than in the
health-education group (in 18.5% vs. 11.5% of patients).

CONCLUSIONS
A 3-year structured exercise program initiated soon after adjuvant chemotherapy
for colon cancer resulted in significantly longer disease-free survival and findings
consistent with longer overall survival. (Funded by the Canadian Cancer Society
and others; CHALLENGE ClinicalTrials.gov number, NCT00819208.)
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OLORECTAL CANCER IS THE THIRD

most common cancer and second leading

cause of cancer-related death worldwide.!
Standard management of stage III or high-risk
stage II colon cancer includes surgery followed
by 3 to 6 months of FOLFOX (5-fluorouracil and
oxaliplatin), CAPOX (capecitabine and oxaliplatin),
or monotherapy fluoropyrimidine. Despite these
treatments, recurrent disease develops in 20 to
40% of the patients.> Moreover, surgery and ad-
juvant chemotherapy for colon cancer cause side
effects that undermine quality of life and reduce
physical functioning.®# Interventions that improve
both survival and quality of life in this patient
population are needed.

Preclinical studies have shown that exercise
can reduce the growth of cancer,’ including colon
cancer.®’ In addition, observational studies have
shown that patients with colorectal cancer who
perform an increased amount of recreational
physical activity after treatment have a lower risk
of cancer recurrence and death,? including those
with stage III colon cancer.*'® Possible mecha-
nisms for these associations include the effects
of exercise on metabolic growth factors, inflam-
mation, and immune function.’ Although these
findings are suggestive of an exercise-related
survival benefit, results are inconclusive, given
the methodologic limitations of observational
designs.?

To address this research gap, the Canadian
Cancer Trials Group (CCTG) launched the CO.21
Colon Health and Lifelong Exercise Change
(CHALLENGE) trial,’*® a phase 3 randomized
trial comparing the effects of providing health-
education materials alone or such materials plus
a 3-year structured exercise program in patients
with colon cancer who had completed adjuvant
chemotherapy. We previously reported the feasi-
bility of a change in exercise behavior in the tri-
al. Here, we report the final results regarding
disease-free survival (the primary end point) and
the key secondary end points of overall survival,
patient-reported physical functioning, objective
physical functioning and fitness, and recreational
moderate-to-vigorous physical activity.

METHODS

PATIENTS
Patients were eligible for the trial if they had com-
plete resection of stage III or high-risk stage II
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adenocarcinoma of the colon (with the latter de-
fined as a T4 tumor with resection of fewer than
12 lymph nodes and poorly differentiated histo-
logic findings). All the patients also had com-
pleted adjuvant chemotherapy within the past 2
to 6 months, had an Eastern Cooperative Oncology
Group (ECOG) performance-status score of 0 or
1 (on a 5-point scale, with higher numbers re-
flecting greater disability), reported that they were
currently exercising less than the equivalent of
150 minutes per week of moderate-to-vigorous
intensity,”® and were able to complete at least
two stages of a submaximal treadmill test (walk-
ing at a casual pace for 6 minutes) or the 6-minute
walk test. Full eligibility criteria are described in
the trial protocol, available with the full text of
this article at NEJM.org.

TRIAL DESIGN AND TREATMENTS

Eligible patients were stratified according to trial
center, disease stage, body-mass index (£27.5 or
>27.5, calculated as the weight in kilograms di-
vided by the square of the height in meters), and
ECOG performance-status score (0 or 1) before
being randomly assigned in a 1:1 ratio to partici-
pate in a structured exercise program (exercise
group) or to receive health-education materials
only (health-education group) with the use of a
dynamic minimization procedure.

Patients in the health-education group received
general health-education materials promoting
physical activity and healthy nutrition in addition
to standard surveillance. Those in the exercise
group received the same materials plus an exer-
cise guidebook developed for colon cancer survi-
vors'® and support from a certified physical activ-
ity consultant for 3 years. This support program
was guided by the Theory of Planned Behavior"”
and consisted of 17 evidence-based techniques for
behavioral change* delivered over three phases.
In the first 6 months of the program (phase 1),
patients attended a total of 12 mandatory, in-
person behavioral-support sessions scheduled
every 2 weeks, combined with 12 mandatory
supervised exercise sessions plus 12 recommend-
ed supervised exercise sessions during alternate
weeks. During the second 6 months (phase 2),
patients attended 12 mandatory behavioral-sup-
port sessions (either in person or remotely by
telephone or video) every 2 weeks combined with
a supervised exercise session if the patient attended
in person. During the last 2 years (phase 3), pa-
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EXERCISE AFTER CHEMOTHERAPY FOR COLON CANCER

tients attended 24 mandatory monthly in-person
or remote behavioral-support sessions combined
with a supervised exercise session if the patient
attended in person.

The goal of the exercise program was to in-
crease recreational aerobic exercise from baseline
by at least 10 metabolic equivalent task (MET)-
hours per week during the first 6 months and
then to maintain or further increase the amount
during the final 2.5 years. The focus was on
promoting aerobic exercise of at least moderate
intensity, such as brisk walking, which has an
intensity of approximately 4 METs. (MET values
indicate the intensity of the activity, not time.
Brisk walking for an hour has a value of 4 MET-
hours.) However, patients could choose the type,
frequency, intensity, and duration of aerobic ex-
ercise. Additional details regarding the exercise
program have been reported previously' and are
provided in the Supplementary Appendix, avail-
able at NEJM.org.

EXERCISE ASSESSMENTS

We assessed recreational physical activity over the
past month at baseline and every 6 months dur-
ing the intervention using the Total Physical Ac-
tivity Questionnaire.!® We calculated moderate-to-
vigorous physical activity on the basis of activities
with MET values of 3 or more. Cardiorespiratory
fitness, body weight and circumferences, and
objective physical functioning were assessed at
baseline, at 6 months, and at 1, 2, and 3 years.
We assessed cardiorespiratory fitness using a sub-
maximal, multistage, modified Balke treadmill
protocol®® with a validated formula to predict the
maximum volume of oxygen consumption.’ Waist
and hip circumferences were determined with the
use of an anthropometric measuring tape.*! Ob-
jective physical functioning was assessed with the
Seniors’ Fitness Test, which includes a 6-minute
walk test.?? Physical activity and fitness assess-
ments were discontinued in patients who had a
disease event.

EFFICACY ASSESSMENTS

Disease-free survival (the primary end point) was
assessed in the intention-to-treat population and
was defined as the time from randomization to
the first event that was either recurrent (local or
distant) colon cancer, a new primary colorectal
cancer, a second primary cancer, or death from
any cause.” Overall survival was defined as the
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time from randomization to death from any cause.
The prespecified quality-of-life outcome of interest
— physical functioning, as reported by the patient
— was assessed according to the physical-func-
tioning subscale on the 36-Item Short Form (SF-36)
survey** every 6 months during the intervention
and at years 4 and 5. Patients who had a disease
event were included in this assessment. Higher
scores on the physical-functioning subscale indi-
cate better functioning. Adverse events were moni-
tored for 36 months after randomization with
the use of the Common Terminology Criteria for
Adverse Events, version 3.0, with data reported
for the patients according to the intervention they
actually received (as-treated population). Musculo-
skeletal adverse events were of special interest in
this assessment.

OVERSIGHT

The trial was led by the CCTG and conducted in
accordance with the provisions of the Declara-
tion of Helsinki and the International Council
for Harmonisation guidelines for Good Clinical
Practice. The trial was funded by the Canadian
Cancer Society, the Australian National Health
and Medical Research Council, and Cancer Re-
search UK. The protocol and subsequent amend-
ments were developed by the CCTG and approved
by the research ethics board at each participating
institution. The CCTG was responsible for the
collection, maintenance, and analysis of the data.
International cooperative groups were responsi-
ble for regulatory submissions and for the con-
duct and monitoring of the trial within their
own jurisdictions. An independent data and safe-
ty monitoring committee confidentially reviewed
data biannually.

All the authors contributed to the writing of
the manuscript and the decision to submit the
manuscript for publication and vouch for the ac-
curacy and completeness of the reported data and
adherence to the protocol. There were no confi-
dentiality agreements between the authors and
their affiliated institutions or trial sponsors.

STATISTICAL ANALYSIS

The trial was designed to detect a hazard ratio of
0.75 for disease-free survival, corresponding to an
increase in 3-year disease-free survival from an
expected 75% in the health-education group to
80.6% in the exercise group. A total of 380 events
of disease recurrence, new primary cancer, or
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Table 1. Characteristics of the Patients at Baseline.*

Characteristic
Age
Median (range) — yr
=65 yr — no. (%)
Female sex — no. (%)
Geographic region — no. (%)
Canada
Australia
Othery
Median weight (IQR) — kg
Median body-mass index (IQR)i:
Obesity — no. (%)

0
1
Smoking status — no. (%)
Current
Ever smoked
Major medical problem — no. (%)
Hypertension
High cholesterol level|
Diabetes or hyperglycemia
Cardiac history
Depression or anxiety
Disease stage — no. (%)
High-risk stage Il adenocarcinoma
Stage |1l adenocarcinoma
Clinical tumor stage — no. (%)
Tl
T2
T3
T4
Chemotherapy regimen — no. (%)
FOLFOX
CAPOX
Capecitabine
Other

Treatment history
randomization (IQR) —yr

trial randomization (IQR) — mo

ECOG performance-status score — no. (%)§

Median interval from diagnosis to trial

Median interval from chemotherapy to

Exercise
Group
(N=445)

61 (26-84)
150 (33.7)
233 (52.4)

270 (60.7)
146 (32.8)
29 (6.5)
80.7 (69.1-95.6)
28.5 (25.4-32.6)
169 (38.0)

323 (72.6)
122 (27.4)

26 (5.8)
206 (46.3)
263 (59.1)
103 (23.1)

57 (12.8)

47 (10.6)
36 (8.1)
36 (8.1)

43 (9.7)
402 (90.3)

26 (5.8)
42 (9.4)
273 (61.3)
104 (23.4)

267 (60.0)
58 (13.0)
76 (17.1)
44 (9.9)

0.9 (0.8-1.1)

3.9 (3.1-5.3)

Health-Education
Group
(N=444)

1 (19-83)
155 (34.9)
224 (50.5)

273 (61.5)
146 (32.9)
25 (5.6)
81.9 (70.0-96.7)
28.6 (25.3-32.4)
167 (37.6)

44 (9.9)
400 (90.1)

)

24
11

55.4)
26.1)

ST TS

a

2756)
1)

16. )

a o

1= I A=
V\‘o

1.0 (0.9-1.1)

3.9 (3.1-5.2)

All
Patients
(N=889)

1 (19-84)
305 (34.3)
457 (51.4)

543 (61.1)
292 (32.8)
54 (6.1)

81.2 (69.5-96.2)
28.5 (25.4-32.5)

336 (37.8)

647 (72.8)
242 (27.2)

417 (46.9)
521 (58.6)
217 (24.4)
131 (14 7)
9 (11.1)
78 (8.8)
73 (8.2)

87 (9.8)
802 (90.2)

61.0)

0(0.8-1.1)

3.9 (3.1-5.3)
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EXERCISE AFTER CHEMOTHERAPY FOR COLON CANCER

Table 1. (Continued.)

MET-hr/wk|

Median predicted maximum volume of
oxygen consumption (IQR) — ml/
kg/min

Median 6-minute walk distance (IQR) —m

Median physical-function score on SF-36

(1QR)**

Exercise Health-Education All
Group Group Patients
Characteristic (N=445) (N=444) (N=889)
History of recreational physical activity
Moderate-to-vigorous physical activity — 12.8+18.4 10.2+15.0 11.5+16.8

31.0 (24.7-36.7)

530 (465-584)
80.0 (65.0-94.4)

30.7 (24.3-37.1) 30.7 (24.3-37.1)

530 (466-591)
85.0 (65.0-95.0)

530 (466-591)
85.0 (65.0-95.0)

* Plus—minus values are means +SD. CAPOX denotes capecitabine and oxaliplatin, FOLFOX fluorouracil, leucovorin,

and oxaliplatin, and IQR interquartile range.

7 Other sites were located in the United Kingdom (5 sites with 30 patients), France (1 site with 10 patients), the United
States (3 sites with 9 patients), and Israel (1 site with 5 patients).

The body-mass index is the weight in kilograms divided by the square of the height in meters.

§ The Eastern Cooperative Oncology Group (ECOG) performance-status scale ranges from 0 (fully active) to 5 (death).
9§ The cholesterol level was considered to be high according to local institutional criteria.
| Moderate-to-vigorous physical activity was evaluated on the basis of activities with metabolic equivalent task (MET)

values of 3 or more (e.g., brisk walking).

“* Scores on the 36-Item Short Form Survey (SF-36) range from 0 to 100, with higher scores indicating better functioning.

death would provide a power of 80% to determine
a two-sided alpha value of 0.05. It was anticipated
that 962 patients would undergo randomization
during a 3-year period and that the required num-
ber of events would be observed 4 to 5 years after
the last patient had been randomly assigned. Four
interim analyses were planned: one assessing the
feasibility of recruitment of patients to the trial,
one assessing the feasibility of a change in exer-
cise behavior, and two assessing the efficacy of
the intervention after the occurrence of approxi-
mately one third of the target number of events
(in 125 patients) and the occurrence of approxi-
mately two thirds of the target number (in 250
patients).

The feasibility of change in exercise behavior
was confirmed in May 2015, and these results
were published with permission of the data and
safety monitoring committee.™ The first interim
efficacy analysis was completed in November 2019,
when the committee recommended that the trial
continue. However, because of slow recruitment
and a lower-than-expected pooled-event rate (which
suggested that both the second interim and final
efficacy analyses would be considerably delayed),
the committee approved a request from the trial
committee to set an accrual deadline of Decem-
ber 31, 2023, and a target for declaring a clinical
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data-cutoff date for the final statistical analysis
by the end of 2024, conditional on the occurrence
of at least 200 confirmed events. With at least
200 events in the final analysis, the trial would
have a power of 80% to detect a hazard ratio of
0.67 (corresponding to an increase in 3-year dis-
ease-free survival from 75% in the health-educa-
tion group to 82.5% in the exercise group) at a
two-sided 0.05 level. Registration of patients
stopped on December 21, 2023, and the final pa-
tient underwent randomization on January 24,
2024. A clinical data-cutoff date was declared on
August 29, 2024, with 224 events confirmed, and
a corresponding final analysis was performed
on a locked database on January 24, 2025.

We summarized time-to-event variables using
Kaplan—Meier plots and descriptive estimates at
5 and 8 years, respectively, for disease-free sur-
vival and overall survival. Survival was compared
between intervention groups primarily by a two-
sided log-rank test with adjustment for stratifi-
cation factors assessed at the time of random-
ization except for the trial center. The annual
incidence of events was calculated by dividing the
observed number of events by person-years of
follow-up. Methods for the analysis of the repeated
measurements of moderate-to-vigorous physical
activity, predicted maximum volume of oxygen
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consumption, 6-minute walk distance, and the INTERVENTION ADHERENCE AND CHANGES IN
SE-36 physical-functioning subscale are detailed PHYSICAL ACTIVITY

in the Supplementary Appendix. All reported 95% Adherence to the exercise program during phase
confidence intervals are two-sided. The widths of 1 was 83% for the 12 mandatory behavioral-sup-
the confidence intervals for secondary end points port sessions, 79% for the 12 mandatory super-
have not been adjusted for multiplicity and thus vised exercise sessions, and 20% for the 12 recom-
may not be used in place of hypothesis testing. mended supervised exercise sessions (Table 2).
During phase 2, adherence was 68% for the 12
mandatory behavioral-support sessions and 54%
for the 12 recommended supervised exercise ses-
PATIENTS sions. During phase 3, adherence was 63% for the
Between 2009 and 2024, a total of 889 patients 24 mandatory behavioral-support sessions and
at 55 sites (mostly in Canada and Australia) were 44% for the 24 recommended supervised exercise
randomly assigned to the exercise group (445 pa- sessions.

tients) or to the health-education group (444 pa- Completion rates for the measures of physical
tients) (Fig. S1 in the Supplementary Appendix). activity and fitness were similar in the exercise
The median age of the patients was 61 years group and the health-education group: 94 to 99%
(range, 19 to 84), 51% were women, 90% had at baseline and 54 to 63% at 36 months (Table S1).
stage III disease, and 61% had received FOLFOX Least-square-mean estimates from a regression
treatment (Table 1). At baseline, the patients re- model for repeated measurements (including a
ported participating in 11.5 MET-hours per week term of interaction between time and interven-
of moderate-to-vigorous physical activity, had a tion) indicated that the patients in the exercise
predicted maximum volume of oxygen consump- group achieved and maintained larger improve-
tion of 30.7 ml per kilogram of body weight per ments than those in the health-education group
minute, and walked 530 m in 6 minutes. The trial over the entire 3-year intervention with respect
groups were well balanced with respect to their to moderate-to-vigorous physical activity (between-
characteristics at baseline. group differences ranging from 5.2 to 7.4 MET-

RESULTS

Table 2. Adherence to the Structured Exercise Program.*

Component of Exercise Program Phase 1§ Phase 2 Phase 3
1-6 7-12 13-18 19-24 25-30 31-36
Months Months Months Months Months Months
Patient was eligible to receive intervention — 445 (100) 414 (93) 388 (87) 373 (84) 354 (80) 343 (77)
no. (%)9
Attendance at mandatory behavioral-support 83+28 68+37 71+41 64+43 59+44 59+45
sessions — %
Attendance at mandatory supervised exercise 79+32 NA NA NA NA NA
sessions — %|
Attendance at recommended supervised exer- 20+32 5441 52+45 46145 40+45 38+45

cise sessions — %

* Plus—minus values are means +SD.

Phase 1 consisted of a total of 12 mandatory in-person behavioral-support sessions schedule every 2 weeks combined with 12 mandatory

supervised exercise sessions plus 12 recommended supervised exercise sessions during alternate weeks.

i Phase 2 consisted of a total of 12 mandatory in-person or remote behavioral-support sessions scheduled every 2 weeks. If the behavioral-
support session was in person, a supervised exercise session was strongly recommended.

§ Phase 3 consisted of a total of 24 mandatory monthly in-person or remote behavioral-support sessions (reported every 6 months). If the
behavioral-support session was in person, a supervised exercise session was strongly recommended. Additional behavioral-support or su-
pervised exercise sessions could be added at the discretion of the physical activity consultant and patient.

9 Patients were eligible to receive the intervention if they had not had a cancer recurrence or new primary cancer during that phase.

| Data for phase 2 and phase 3 were not applicable (NA) because supervised exercise sessions were not mandatory after the first 6 months.
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EXERCISE AFTER CHEMOTHERAPY FOR COLON CANCER

hours per week), predicted maximum volume of
oxygen consumption (between-group difference,
1.3 to 2.7 ml per kilogram per minute), and
6-minute walk distance (between-group difference,
13 to 30 m) (Fig. 1 and Table S3.1). Minimal
between-group differences were observed for body
weight and waist circumference (Fig. S2). The
use of aspirin was similar in the exercise group
and the health-education group (13.7% vs.
16.4%) during the intervention.

EFFICACY

At a median follow-up of 7.9 years, disease re-
currence, new primary cancer, or death had oc-
curred in 224 patients (93 in the exercise group
and 131 in the health-education group), and 107
had died from any cause (41 in the exercise
group and 66 in the health-education group)
(Table 3). Disease-free survival was significantly
longer in the exercise group than in the health-
education group (hazard ratio for disease recur-
rence, new primary cancer, or death, 0.72; 95%
confidence interval [CI], 0.55 to 0.94; P=0.02)
(Fig. 2A), with an annual incidence of recurrence,
new primary cancer, or death of 3.7% (95% CI,
3.0 to 4.5) in the exercise group and 5.4% (95%
Cl, 4.5 to 6.4) in the health-education group. The
5-year disease-free survival was 80.3% in the
exercise group and 73.9% in the health-education
group (difference, 6.4 percentage points; 95%
Cl, 0.6 to 12.2). In prespecified subgroup analy-
ses, the hazard ratios for disease-free survival
varied among the subgroups but were 0.87 or
less in all subgroups and 0.76 or less in 20 of 22
subgroups (Fig. S3A).

Results support longer overall survival in the
exercise group than in the health-education
group (hazard ratio for death, 0.63; 95% CI, 0.43
to 0.94) (Fig. 2B), with an annual incidence of
death of 1.4% (95% CI, 1.0 to 1.8) in the exer-
cise group and 2.3% (95% CI, 1.7 to 2.8) in the
health-education group. The 8-year overall sur-
vival was 90.3% in the exercise group and 83.2%
in the health-education group (difference, 7.1
percentage points; 95% CI, 1.8 to 12.3). Pre-
specified subgroup analyses indicated that the
hazard ratios for overall survival varied among
the subgroups but were 0.84 or less in all sub-
groups and 0.76 or less in 21 of 22 subgroups
(Fig. S3B).
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PATIENT-REPORTED PHYSICAL FUNCTIONING
Completion rates for the SF-36 survey were simi-
lar in the two trial groups and exceeded 96% at
baseline and 78% at 36 months (Table S2). Least-
squares estimates that were calculated from a
regression model for repeated measurements (in-
cluding a term of interaction between time and
intervention) indicated that patients in the exer-
cise group reported having larger improvements
from baseline on the physical-functioning sub-
scale than did those in the health-education
group at 6 months (7.1 vs. 1.3), 1 year (6.8 vs.
3.3), 18 months (7.2 vs. 2.4), 2 years (6.1 vs. 2.6),
and 3 years (6.1 vs. 3.0) (Fig. 1D and Table S3.1).
A reduced model without interaction showed
an improvement associated with exercise over
health education alone on the physical-function-
ing subscale over time, which was confirmed by
a sensitivity analysis based on multiple imputa-
tion with the use of a pattern mixture model
(Table S3.2).

SAFETY

The as-treated safety analyses included 428 pa-
tients who had been randomly assigned to the
exercise group and had participated in at least
one exercise session and 461 patients who had
been randomly assigned to the health-education
group (444 patients) or to the exercise group but
had not participated in any exercise sessions (17
patients) (Table S4). At least one adverse event of
any grade occurred during the intervention in
351 patients (82.0%) in the exercise group and
in 352 patients (76.4%) in the health-education
group. Musculoskeletal adverse events occurred
in 79 patients (18.5%) in the exercise group and
in 53 (11.5%) in the health-education group. Of the
79 musculoskeletal adverse events in the exercise
group, 8 (10%) were considered to be related to
the exercise intervention. A grade 3 or higher ad-
verse event was reported by 66 patients (15.4%)
in the exercise group and by 42 patients (9.1%) in
the health-education group.

DISCUSSION

Observational studies report consistent associa-
tions between self-reported postdiagnosis physi-
cal activity and colorectal cancer outcomes. In a
recent systematic review and meta-analysis,® the
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Figure 1 (facing page). Measures of Physical Activity,
Fitness, and Functioning.

Shown are results in the group assigned to participate
in a structured exercise program (exercise group) and
those assigned to receive health-education materials
(health-education group) with respect to measures of
recreational moderate-to-vigorous physical activity
(Panel A), the predicted maximum volume of oxygen
consumption (Panel B), the 6-minute walk distance
(Panel C), and the physical-functioning subscale on
the 36-Item Short Form Survey (SF-36) (Panel D).

highest levels of self-reported postdiagnosis rec-
reational physical activity were associated with a
lower risk of death from any cause than were the
lowest activity levels in 12 studies (relative risk,
0.67; 95% CI, 0.60 to 0.75), death from colorectal
cancer in 6 studies (relative risk, 0.63; 95% CI,
0.47 to 0.84), and cancer recurrence in 3 studies
(relative risk, 0.80; 95% CI, 0.70 to 0.92). Despite
these consistent associations, the evidence for a
causal relationship between postdiagnosis recre-
ational physical activity and recurrence of colorec-
tal cancer or death was graded as “limited sug-
gestive.”

In this phase 3 randomized trial, we examined
the effects of exercise on cancer-related survival
in patients with colon cancer who had complet-
ed adjuvant chemotherapy. Exercise significantly
reduced the relative risk of disease recurrence,
new primary cancer, or death by 28%. The disease-
free survival curves began to separate at about
1 year and continued to separate over the 10-year
follow-up, with an absolute between-group dif-
ference of 6.4 percentage points at 5 years. More-
over, exercise reduced the relative risk of death by
37%. The overall survival curves began to sepa-
rate at about 4 years and continued to separate
over the 10-year follow-up, with an absolute be-
tween-group difference of 7.1 percentage points
at 8 years. The magnitude of benefit from exer-
cise delivered after surgery and adjuvant chemo-
therapy was similar to that of many currently ap-
proved standard drug treatments.

Improvement in disease-free survival from ex-
ercise was primarily driven by reductions in liver
recurrence (3.6% vs. 6.5%) and new primary can-
cers (5.2% vs. 9.7%), particularly breast (0.4% vs.
2.7%), prostate (1.1% vs. 2.0%), and colorectal
(0% vs. 1.1%) cancers. No significant differences
in deaths without recurrence or without a second
primary cancer (1.3% versus 1.8%) were noted,

N ENGL J MED 393]1
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which suggests that the benefit of exercise came
from improved cancer outcomes. Exercise may be
an effective treatment for colon cancer micro-
metastases and prevention of second primary
cancers through various mechanisms, including
increased fluid shear stress, enhanced immune
surveillance, reduced inflammation, improved in-
sulin sensitivity, and altered microenvironment
of major sites of metastases.*>? In particular,
exercise may affect metabolic growth factors such
as insulin and insulin-like growth factors that
promote cancer-cell proliferation and progres-
sion.” Planned analyses of serial blood samples
will address questions related to possible mech-
anisms.

The exercise intervention met its goal of in-
creasing moderate-to-vigorous physical activity
from baseline by about 10 MET-hours per week
throughout the entire 3-year intervention. This
increase is the equivalent of adding about 45 to
60 minutes of brisk walking 3 or 4 times per
week or 25 to 30 minutes of jogging 3 or 4 times
per week. The exercise intervention also resulted
in meaningful improvements in cardiorespiratory
fitness and physical functioning over the 3-year
intervention, measures that are established pre-
dictors of an increased risk of death,”*! including
in patients with cancer.?**® Structured exercise
did not reduce body weight or waist circumfer-
ence, which suggests that weight loss is an un-
likely explanation for the observed effects of
exercise on cancer outcomes.

Not unexpectedly, patients in the health-edu-
cation group also increased their moderate-to-
vigorous physical activity, cardiorespiratory fitness,
and physical functioning over the 3-year inter-
vention, albeit to a much lesser extent than those
in the exercise group. The difference between the
exercise group and the health-education group in
recreational moderate-to-vigorous physical activ-
ity over the 3-year intervention ranged from 5.2 to
7.4 MET-hours per week, which is equivalent to
about 1.5 to 2.25 hours per week more of walking
at 3 mph (approximately 3.3 METs). The improve-
ments among patients in the health-education
group highlight the challenges faced in the evalu-
ation of lifestyle interventions and raise the pos-
sibility of an even more powerful effect of exer-
cise on cancer outcomes as compared with a
completely sedentary control group.

No unexpected safety signals for the exercise
intervention were observed. Musculoskeletal ad-
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Table 3. Disease Recurrence, New Primary Cancer, or Death.
Exercise Group Health-Education Group
Event (N=445) (N=444)
Patients Annual Patients Annual
with Event Event Rate with Event Event Rate
number % (95% Cl) number % (95% Cl)
Disease recurrence, new primary cancer, or death
Any event 93 3.7 (3.0-4.5) 131 5.4 (4.5-6.4)
Recurrence™ 65 2.5(1.9-3.1) 81 3.1 (2.5-3.8)
Local colon 12 12
Distant recurrence 58 75
Liver 16 29
Lung 20 19
Peritoneum 8 9
Lymph node 10 9
Other 12 15
New primary cancer* 23 0.8 (0.5-1.2) 43 1.6 (1.1-2.1)
Breast 2 12
Prostate 5 9
Colorectal 0 5
Other 17 17
Death without recurrence or new primary cancer 6 0.2 (0.0-0.4) 8 0.3 (0.1-0.5)
Patients with censored data regarding disease recurrence, 352 13.7 (12.2-15.1) 313 12.8 (11.4-14.2)
new primary cancer, or death
Cancer at baseline 10 7
Consent withdrawal 18 13
Loss to follow-up 6 6
Alive without recurrence or new primary cancer 318 287
Death
From any cause 41 1.4 (1.0-1.9) 66 2.3 (1.7-2.9)
Colon cancer 31 48
Other primary cancer 2 8
Other condition or circumstance 8 10
Patients with censored data regarding death 404 13.9 (12.6-15.3) 378 13.1 (11.8-14.5)
Consent withdrawal 22 16
Loss to follow-up 8 6
Still alive 374 356

* Patients may have had more than one site of recurrence or new primary cancer.

verse events occurred more often in the exercise the exercise group as compared with the health-
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group than in the health-education group (19%
vs. 12%); however, such events are a well-docu-
mented risk of exercise** that can be managed by
individualized exercise prescription. Moreover, pa-
tient-reported physical functioning improved in
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education group across most of the 3-year inter-
vention. Numerous randomized trials have shown
the benefits of exercise on outcomes reported by
patients with cancer.®® However, evidence in pa-
tients with colon cancer has come primarily from
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Figure 2. Disease-free and Overall Survival (Intention-to-Treat Population).
Shown is the probability of disease-free survival according to investigator assessment (Panel A) and overall survival (Panel B) in the ex-
ercise group and the health-education group.

small pilot studies with short follow-up.>® Planned
analyses of additional patient-reported outcomes
will provide more detailed evidence regarding
quality-of-life effects.

Our trial has some limitations. The recruitment
of patients was slow and spanned a 15-year peri-
od. However, during that time, the only change
in standard treatment was from 6 months to 3
months of FOLFOX or CAPOX therapy. A total of
92.4% of our planned sample (889 of 962 patients)
underwent randomization, but we observed only

N ENGL J MED 393]1

58.9% of our targeted number of events (224 of
380 events). The 3-year disease-free survival was
higher than expected, probably because of a se-
lection bias toward higher-functioning patients
but also because of the timing of our intervention.
We enrolled patients 2 to 6 months after they had
undergone chemotherapy, so we excluded patients
with recurrences during the first year after diag-
nosis who were likely to have had more biologi-
cally aggressive disease. Whether initiating an
exercise intervention earlier in the treatment tra-
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jectory (e.g., before surgery or during chemother-
apy) would further improve cancer outcomes re-
mains to be determined.

The patients in the exercise group also re-
ceived more social contacts with physical activity
consultants than those in the health-education
group, so we cannot completely rule out benefits
related to social interaction. Nevertheless, previ-
ous oncology trials involving group psychosocial
support¥ and nutrition interventions®*“® have also
provided substantially more contacts to interven-
tion patients but did not report a survival benefit.
Moreover, we did not track the number of patients
with Lynch syndrome who would have been at
higher risk for second primary cancers; however,
randomization would be expected to balance
groups with respect to such deleterious genetic
mutations. Finally, we relied on patients’ retro-
spective recall of moderate-to-vigorous physical
activity over the past month, a procedure that has
known limitations. However, we confirmed the
self-reported increases in physical activity with
improvements in objective cardiorespiratory fit-
ness and physical functioning.

In our trial, we found that a 3-year struc-
tured exercise program that was initiated with-
in 6 months after the completion of adjuvant
chemotherapy for colon cancer improved dis-
ease-free survival. The intervention also resulted
in findings that were consistent with improved
overall survival, patient-reported physical func-
tioning, and objective physical functioning and
fitness as compared with health education alone,
with only a modest increase in musculoskeletal
adverse events. Our trial provides robust evidence
of a substantial benefit-to-harm ratio in favor of
structured exercise over a sedentary lifestyle and
supports its incorporation into standard care.

Knowledge alone, however, is unlikely to change
patient behavior and outcomes. To achieve mean-
ingful increases in exercise will require that health
systems invest in behavior-support programs.

Supported by the Canadian Cancer Society, the Australian
National Health and Medical Research Council, and Cancer
Research UK.

Disclosure forms provided by the authors are available with
the full text of this article at NEJM.org.

A data sharing statement provided by the authors is available
with the full text of this article at NEJM.org.

AUTHOR INFORMATION

!Faculty of Kinesiology, Sport, and Recreation, College of
Health Sciences, University of Alberta, Edmonton, Canada;
2Faculty of Medicine and Health, University of Sydney, Sydney;
*Sydney Cancer Survivorship Centre, Concord Repatriation
General Hospital, Sydney; “Canadian Cancer Trials Group,
Queen’s University, Kingston, ON, Canada; *BC Cancer—Van-
couver, Vancouver, BC, Canada; ¢Departments of Oncology
and Community Health Sciences, Cumming School of Medi-
cine, University of Calgary, Calgary, AB, Canada; ’Alberta
Health Services—Cancer Care, Calgary, Canada; Princess Mar-
garet Cancer Centre, University Health Network, Department
of Radiation Oncology, University of Toronto, Toronto; ? Faculty
of Science, Psycho-Oncology Cooperative Research Group,
School of Psychology, University of Sydney, Sydney; **Queen’s
University Belfast, Belfast, United Kingdom; ! Cross Cancer In-
stitute, University of Alberta, Edmonton, Canada; *Ottawa
Hospital Research Institute, University of Ottawa, Ottawa;
¥ Concord Cancer Centre, Concord Hospital, Concord, NSW,
Australia; *Saskatoon Cancer Centre, University of Saskatche-
wan, Saskatoon, Canada; ¥*Arthur J.E. Child Comprehensive
Cancer Centre, University of Calgary, Calgary, AB, Canada;
*Newcastle Private Hospital, New Lambton Heights, NSW,
Australia; Y7 CancerCare Manitoba, St. Boniface General Hospi-
tal, Winnipeg, Canada; ¥ Faculty of Medicine, University of Brit-
ish Columbia, Vancouver, Canada; * Royal Brisbane and Wom-
en’s Hospital, Herston, QLD, Australia; % University of
Queensland, Brisbane, Australia; # Department of Oncology,
Grand River Regional Cancer Centre, Kitchener, ON, Canada;
2Division of Medical Oncology, Department of Oncology,
Schulich School of Medicine and Dentistry, Western University,
London, ON, Canada; 2 Department of Physical Therapy, Uni-
versity of British Columbia, Vancouver, Canada; 2* Department
of Oncology, McMaster University, Hamilton, ON, Canada;
% Department of Oncology, Queen’s University, Kingston, ON,
Canada.

REFERENCES

1. Morgan E, Arnold M, Gini A, et al. 4. Scheepers ERM, Vink GR, Schiphorst Quadrilatero J, Jenkins DG, Skinner TL.

Global burden of colorectal cancer in AHW, Emmelot-Vonk MH, van Huis-Tanja

2020 and 2040: incidence and mortality
estimates from GLOBOCAN. Gut 2023;72:
338-44.

2. Grothey A, Sobrero AF, Shields AF, et
al. Duration of adjuvant chemotherapy for
stage III colon cancer. N Engl ] Med 2018;
378:1177-88.

3. Cabilan CJ, Hines S. The short-term im-
pact of colorectal cancer treatment on physi-
cal activity, functional status and quality
of life: a systematic review. JBI Database
System Rev Implement Rep 2017;15:517-66.

LH, Hamaker ME. The impact of surgery
and adjuvant chemotherapy on health-
related quality of life in patients with co-
lon cancer: changes at group level versus
individual level. Eur J Cancer Care (Engl)
2022;31(6):€13691.

5. Eschke R-CK-R, Lampit A, Schenk A,
et al. Impact of physical exercise on
growth and progression of cancer in ro-
dents — a systematic review and meta-
analysis. Front Oncol 2019;9:35.

6. Devin JL, Hill MM, Mourtzakis M,

Acute high intensity interval exercise re-
duces colon cancer cell growth. J Physiol
2019;597:2177-84.

7. Orange ST, Jordan AR, Odell A, et al.
Acute aerobic exercise-conditioned serum
reduces colon cancer cell proliferation in
vitro through interleukin-6-induced regu-
lation of DNA damage. IntJ Cancer 2022;
151:265-74.

8. Markozannes G, Becerra-Tomds N,
Cariolou M, et al. Post-diagnosis physi-
cal activity and sedentary behaviour and
colorectal cancer prognosis: a Global Can-

N ENGL J MED 393]1

NEJM.ORG JULY 3, 2025

The New England Journal of Medicine is produced by NEJM Group, a division of the Massachusetts Medical Society.
Downloaded from negjm.org at University of British Columbia (UBC) on October 8, 2025.

Copyright © 2025 Massachusetts Medical Society. All rights reserved, including those for text and data mining, Al training, and similar technologies.



EXERCISE AFTER CHEMOTHERAPY FOR COLON CANCER

cer Update Programme (CUP Global) sys-
tematic literature review and meta-analysis.
Int J Cancer 2024;155:426-44.

9. BrownJC, Ma C, Shi Q, et al. Physical
activity in stage III colon cancer: CALGB/
SWOG 80702 (Alliance). J Clin Oncol
2023;41:243-54.

10. Meyerhardt JA, Heseltine D, Niedz-
wiecki D, et al. Impact of physical activity
on cancer recurrence and survival in pa-
tients with stage III colon cancer: find-
ings from CALGB 89803. J Clin Oncol
20006;24:3535-41.

11. Amirsasan R, Akbarzadeh M, Akbar-
zadeh S. Exercise and colorectal cancer:
prevention and molecular mechanisms.
Cancer Cell Int 2022;22:247.

12. Courneya KS, Booth CM, Gill S, et al.
The Colon Health and Lifelong Exercise
Change trial: a randomized trial of the
National Cancer Institute of Canada Clin-
ical Trials Group. Curr Oncol 2008;15:
279-85.

13. Courneya KS, VardyJ, Gill S, et al. Up-
date on the Colon Health and Lifelong Ex-
ercise Change trial: a phase III study of the
impact of an exercise program on disease-
free survival in colon cancer survivors.
Curr Colorectal Cancer Rep 2014;10:321-8
(https://link.springer.com/article/10.1007/
511888-014-0231-8).

14. Courneya KS, Vardy JL, O’Callaghan
CJ, et al. Effects of a structured exercise
program on physical activity and fitness
in colon cancer survivors: one year feasi-
bility results from the CHALLENGE trial.
Cancer Epidemiol Biomarkers Prev 2016;
25:969-77.

15. Godin G, Shephard R]J. A simple meth-
od to assess exercise behavior in the com-
munity. Can J Appl Sport Sci 1985;10:141-6.
16. Vallance J, Lesniak SL, Belanger LJ,
Courneya KS. Development and assess-
ment of a physical activity guidebook for
the Colon Health and Life-Long Exercise
Change (CHALLENGE) trial (NCIC CO.21).
J Phys Act Health 2010;7:794-801.

17. Ajzen L The theory of planned behav-
ior. Organ Behav Hum Decis Process
1991;50:179-211 (https://www.sciencedirect
.com/science/article/abs/pii/
074959789190020T?via%3Dihub).

18. Friedenreich CM, Courneya KS, Neil-
son HK, et al. Reliability and validity of the
Past Year Total Physical Activity Question-
naire. Am J Epidemiol 2006;163:959-70.
19. Pollock ML, Foster C, Schmidt D,
Hellman C, Linnerud AC, Ward A. Com-

The New England Journal of Medicine is produced by NEJM Group, a division of the Massachusetts Medical Society.

parative analysis of physiologic responses
to three different maximal graded exer-
cise test protocols in healthy women. Am
Heart ] 1982;103:363-73.

20. American College of Sports Medicine.
ACSM’s guidelines for exercise testing
and prescription. Philidelphia: Lippincott
Williams & Wilkins, 2013.

21. Gledhill N, Jamnik V. The Canadian
Physical Activity, Fitness and Lifestyle Ap-
proach (CPAFLA). Ottawa: Canadian Soci-
ety for Exercise Physiology, 2003.

22, Rikli R, Jones CJ. Development and
validation of a functional fitness test for
community-residing older adults. J Aging
Phys Act 1999;7:129-61 (https://journals
.humankinetics.com/view/journals/japa/
7[2/article-p129.xml).

23. Punt CJA, Buyse M, Kohne C-H, et al.
Endpoints in adjuvant treatment trials: a
systematic review of the literature in co-
lon cancer and proposed definitions for
future trials. J Natl Cancer Inst 2007;99:
998-1003.

24. Ware JE Jr, Sherbourne CD. The MOS
36-item short-form health survey (SF-36).
1. Conceptual framework and item selec-
tion. Med Care 1992;30:473-83.

25. Wang T, Zhang Y, Taaffe DR, et al.
Protective effects of physical activity in
colon cancer and underlying mechanisms:
a review of epidemiological and biological
evidence. Crit Rev Oncol Hematol 2022;
170:103578.

26. Zheng A, Zhang L, Yang]J, et al. Phys-
ical activity prevents tumor metastasis
through modulation of immune function.
Front Pharmacol 2022;13:1034129.

27. Wang Y, Jin B, Paxton RJ, et al. The
effects of exercise on insulin, glucose,
IGF-axis and CRP in cancer survivors:
meta-analysis and meta-regression of ran-
domised controlled trials. Eur J Cancer
Care (Engl) 2020;29(1):e13186.

28. Kodama S, Saito K, Tanaka S, et al.
Cardiorespiratory fitness as a quantitative
predictor of all-cause mortality and car-
diovascular events in healthy men and
women: a meta-analysis. JAMA 2009;301:
2024-35.

29. Boxer R, Kleppinger A, Ahmad A, An-
nis K, Hager D, Kenny A. The 6-minute
walk is associated with frailty and predicts
mortality in older adults with heart failure.
Congest Heart Fail 2010;16:208-13.

30. Lucas C, Stevenson LW, Johnson W,
et al. The 6-min walk and peak oxygen
consumption in advanced heart failure:

N ENGLJ MED 393;1 NEJM.ORG JULY 3, 2025

aerobic capacity and survival. Am Heart
J1999;138:618-24.

31. Pinto-Plata VM, Cote C, Cabral H,
Taylor J, Celli BR. The 6-min walk dis-
tance: change over time and value as a
predictor of survival in severe COPD. Eur
Respir J 2004;23:28-33.

32. Bettariga F, Galvao DA, Taaffe DR, et
al. Association of muscle strength and
cardiorespiratory fitness with all-cause
and cancer-specific mortality in patients
diagnosed with cancer: a systematic re-
view with meta-analysis. Br J Sports Med
2025 March 7 (Epub ahead of print).

33. Kasymjanova G, Correa JA, Kreisman
H, et al. Prognostic value of the six-minute
walk in advanced non-small cell lung can-
cer. J Thorac Oncol 2009;4:602-7.

34. Hootman JM, Macera CA, Ainsworth
BE, Addy CL, Martin M, Blair SN. Epide-
miology of musculoskeletal injuries among
sedentary and physically active adults. Med
Sci Sports Exerc 2002;34:838-44.

35. Martinez-Vizcaino V, Cavero-Redondo
1, Reina-Gutiérrez S, et al. Comparative
effects of different types of exercise on
health-related quality of life during and
after active cancer treatment: a systematic
review and network meta-analysis. J Sport
Health Sci 2023;12:726-38.

36. Singh B, Hayes SC, Spence RR, Steele
ML, Millet GY, Gergele L. Exercise and
colorectal cancer: a systematic review and
meta-analysis of exercise safety, feasibili-
ty and effectiveness. Int J Behav Nutr Phys
Act 2020;17:122.

37. Goodwin PJ, Leszcz M, Ennis M, et al.
The effect of group psychosocial support
on survival in metastatic breast cancer.
N Engl J Med 2001;345:1719-26.

38. Pierce JP, Natarajan L, Caan BJ, et al.
Influence of a diet very high in vegetables,
fruit, and fiber and low in fat on progno-
sis following treatment for breast cancer:
the Women’s Healthy Eating and Living
(WHEL) randomized trial. JAMA 2007;
298:289-98.

39. Berrino F, Villarini A, Gargano G, et
al. The effect of diet on breast cancer re-
currence: the DIANA-5 randomized trial.
Clin Cancer Res 2024;30:965-74.

40. Parsons JK, Zahrieh D, Mohler JL, et
al. Effect of a behavioral intervention to
increase vegetable consumption on cancer
progression among men with early-stage
prostate cancer: the MEAL randomized
clinical trial. JAMA 2020;323:140-8.
Copyright © 2025 Massachusetts Medical Society.

Downloaded from negjm.org at University of British Columbia (UBC) on October 8, 2025.

Copyright © 2025 Massachusetts Medical Society. All rights reserved, including those for text and data mining, Al training, and similar technologies.

25


https://link.springer.com/article/10.1007/s11888-014-0231-8
https://link.springer.com/article/10.1007/s11888-014-0231-8
https://www.sciencedirect.com/science/article/abs/pii/074959789190020T?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/074959789190020T?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/074959789190020T?via%3Dihub
https://journals.humankinetics.com/view/journals/japa/7/2/article-p129.xml
https://journals.humankinetics.com/view/journals/japa/7/2/article-p129.xml
https://journals.humankinetics.com/view/journals/japa/7/2/article-p129.xml

