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Results From Cancer and Leukemia Group B
(Alliance)/SWOG 80405
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James N. Atkins, MD12; Richard M. Goldberg, MD13; Kaori Sato, MS2; Kimmie Ng, MD, MPH2; Erin Van Blarigan, ScD4;

Robert J. Mayer, MD2; Charles D. Blanke, MD14,15; Eileen M. O’Reilly, MD16; Charles S. Fuchs, MD, MPH17; and

Jeffrey A. Meyerhardt, MD, MPH2

abstract

PURPOSE Regular physical activity is associated with reduced risk of recurrence and mortality in patients with
nonmetastatic colorectal cancer. Its influence on patients with advanced/metastatic colorectal cancer (mCRC)
has been largely unexplored.

PATIENTS AND METHODS We conducted a prospective cohort study nested in Cancer and Leukemia Group B
(Alliance)/SWOG 80405 (ClinicalTrials.gov identifier: NCT00265850), a National Cancer Institute–sponsored
phase III trial of systemic therapy for mCRC. Within 1 month after therapy initiation, patients were invited to
complete a validated questionnaire that reported average physical activity over the previous 2 months. On the
basis of responses, we calculated metabolic equivalent task (MET) hours per week to quantify physical activity.
The primary end point of the clinical trial and this companion study was overall survival (OS). Secondary end
points included progression-free survival (PFS) and first grade 3 or greater treatment-related adverse events. To
minimize confounding by poor and declining health, we excluded patients who experienced progression or died
within 60 days of activity assessment and used Cox proportional hazards regression analysis to adjust for known
prognostic factors, comorbidities, and weight loss.

RESULTS The final cohort included 1,218 patients. Compared with patients engaged in less than 3 MET hours
per week of physical activity, patients engaged in 18 or more MET hours per week experienced an adjusted
hazard ratio for OS of 0.85 (95% CI, 0.71 to 1.02; PTrend = .06) and for PFS of 0.83 (95% CI, 0.70 to 0.99;
PTrend = .01). Compared with patients engaging in less than 9MET hours per week, patients engaging in 9 or more
MET hours per week experienced an adjusted hazard ratio for grade 3 or greater treatment-related adverse
events of 0.73 (95% CI, 0.62 to 0.86; PTrend , .001).

CONCLUSION Among patients with mCRC in Cancer and Leukemia Group B (Alliance)/SWOG 80405, association
of physical activity with OS was not statistically significant. Greater physical activity was associated with longer
PFS and lower adjusted risk for first grade 3 or greater treatment-related adverse events.

J Clin Oncol 37:2620-2631. © 2019 by American Society of Clinical Oncology

INTRODUCTION

Sedentary lifestyle is associated with increased co-
lorectal cancer (CRC) incidence,1-5 and the In-
ternational Agency for Research on Cancer considers
inactivity a causal CRC risk factor.6 Beyond risk,
sedentary lifestyle is associated with increased re-
currence and mortality in CRC without distant
metastases.7-14

The influence of physical activity on advanced/meta-
static CRC (mCRC), however, has been largely un-
explored. Although several observational studies have
investigated the relationship between physical activity

and mCRC survival, these studies were limited to
small, secondary, subgroup analyses with conflicting
results.11,15-18 Small trials show exercise interven-
tions to be feasible in advanced cancer, including
mCRC19-21; therefore, understanding the impact of
physical activity on mCRC may translate into improved
outcomes.

In the current study, we examined associations of
physical activity with survival, cancer progression, and
treatment-related toxicities in a large National Cancer
Institute (NCI) –sponsored trial of therapy for mCRC.
We prospectively collected data on physical activity
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near the time of chemotherapy initiation. Moreover, data
on disease, treatment, and patient characteristics were
carefully captured, which allowed for adjustment for po-
tential confounding.

METHODS

Study Population

Patients were participants in a previously published NCI-
sponsored phase III trial who received as initial treatment of
mCRC irinotecan, fluorouracil, and leucovorin; or oxali-
platin, fluorouracil, and leucovorin combined with either
cetuximab, bevacizumab, or both cetuximab and bev-
acizumab (Cancer and Leukemia Group B [CALGB, now
part of the Alliance for Clinical Trials in Oncology]/SWOG
80405; ClinicalTrials.gov identifier: NCT00265850).22

During enrollment, the trial underwent major design
changes in treatment and KRAS inclusion criteria as a re-
sult of evolving science.22-26 Our cohort includes patients
who participated throughout the trial history. To account for
this, we adjusted for treatment regimen and KRAS status.

Patients had the option to participate in this companion
study by completing a diet/lifestyle questionnaire. Ulti-
mately, 67% of patients consented to the companion study,
of which 87% returned the questionnaire. Compared with
others in the trial, patients who completed the questionnaire

were more likely to be white, to have better performance
status, and were less likely to have indeterminate or missing
KRAS status, but did not differ in other baseline charac-
teristics (Data Supplement). Figure 1 shows the cohort’s
derivation.

Trial eligibility and, thus, this companion study required
a baseline Eastern Cooperative Oncology Group (ECOG)
performance status of 0 to 1 and adequate bone marrow,
renal, and hepatic function.27 Thirteen patients who re-
ported unrealistic levels of activity were excluded (. 100
metabolic equivalent task [MET] -hours per week). Con-
sidering the potential for declining health to bias physical
activity assessment, we excluded patients (n = 111) with
disease progression or mortality within 60 days after
completing the questionnaire. In sensitivity analyses, we
extended this restriction to 90 days. All patients signed
informed consent approved by each site’s institutional
review board.

Assessment of Physical Activity

Assessment of physical activity has been described and
extensively validated previously.10,16,28-30 The paper ques-
tionnaire for activity assessment was given to patients within
1 month after initiating chemotherapy before any docu-
mented cancer progression. Participants were asked,
“During the past 2 months, what was your average time per

Did not complete the
questionnaire (n = 207)

Final sample size

(n = 1,218)

Consented to questionnaire

(n = 1,561)

CALGB/SWOG 80405

Total enrollment
(N = 2,326)

Completed Questionnaire*

(n = 1,354)

Excluded (n = 136)

Patients failed to answer >70 questions
or did not answer one or more questions about
physical activity

Patients reported >100 MET-h/wk

Cancer progression or deaths within 60 days after
completing questionnaire

(n = 12)

(n = 13)

(n = 111)

FIG 1. Derivation of the study
cohort. Median follow-up from
questionnaire completion was
6.18 years. During follow-up,
1,056 of the 1,218 patients
included in the analysis ex-
perienced cancer progression
and 945 of these patients
subsequently died. An addi-
tional 89 patients died without
documented disease pro-
gression. Of patients, 795 ex-
perienced one or more grade
3 or greater treatment-related
adverse events. (*) Physical
activity was collected by vol-
untary questionnaire admin-
istered within one month after
initiating chemotherapy for
metastatic disease. CALGB,
Cancer and Leukemia Group
B (now Alliance); MET, met-
abolic equivalent task.
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week spent at each of the following recreational activities?”
regarding nine leisure-time activities (ranging from 0 to
$ 11 hours per week), as well as normal walking pace and
number of stair flights per day. Each activity was assigned
a MET score, consistent with validated calculations.10,31

One MET is equivalent to the energy expenditure of sit-
ting quietly for 1 hour. Total MET hours per week were
derived by summing MET scores from each activity mul-
tiplied by total hours per week.

For analyses of total physical activity and survival, we
categorized study participants by total MET hours per week,
consistent with previous studies.9,32 We defined vigorous
activity a priori as any activity requiring 6 ormoreMETs—for
example, running, bicycling, tennis, and aerobic exercises,
such as skiing or lap swimming—consistent with physical
activity guidelines and previous studies.33-35 Other activi-
ties, such as walking, climbing stairs, or yoga, were defined
as nonvigorous. We also classified individuals according to
normal walking pace and duration, consistent with a pre-
vious study.34 In analyses of treatment-related toxicities,
physical activity was divided into two categories (, 9 v$ 9
MET hours per week) to conserve statistical power.

Study End Points

The primary end point of the clinical trial and this com-
panion study was overall survival (OS), defined as the time
from questionnaire completion to death from any cause.
We also assessed progression-free survival (PFS), defined
as the time from questionnaire completion to death from
any cause or progression of disease, defined by Response
Evaluation Criteria in Solid Tumors (RECIST) version 1.0.36

First-ever adverse events were recorded if grade 3 or
greater (grade 2 or greater for neuropathy) and possibly,
probably, or definitely related to trial therapy. We excluded
adverse events that occurred before physical activity
measurement.

Statistical Analyses

We used Cox proportional hazards regression analysis to
examine associations of physical activity with patient out-
come, adjusting for age (continuous years), sex (female or
male), ECOG performance status (0 v 1 to 2), planned
chemotherapy (irinotecan, fluorouracil, and leucovorin; or
oxaliplatin, fluorouracil, and leucovorin), prior adjuvant
chemotherapy (yes or no), prior radiation therapy (yes or
no), assigned treatment arm (bevacizumab, cetuximab,
bevacizumab plus cetuximab), body mass index (, 21, 21
to 24.9, 25 to 29.9, 30 to 34.9, $ 35 kg/m2), primary
tumor location (right/transverse colon, left colon, multiple/
missing), and KRAS tumor status (wild type, mutant, in-
determinate/missing).37 Considering the potential for de-
clining health to bias physical activity assessment, we
further adjusted for weight change (loss $ 5%, change
, 5%, gain $ 5%) and comorbidities (none v any) as
measured by the questionnaire. On the questionnaire,
patients were asked their weight at that time and 6 months

prior and if they had a history of heart attack (myocardial
infarction), angina pectoris, coronary bypass surgery, an-
gioplasty or cardiac stent, congestive heart failure, pe-
ripheral arterial disease, peripheral artery angioplasty or
bypass, high cholesterol, stroke, atrial fibrillation, transient
ischemic attack, carotid surgery or endarterectomy, deep
venous thrombosis, pulmonary embolus, asthma or
chronic obstructive lung disease, diabetes mellitus, and
inflammatory bowel disease. Missing covariates were
replaced with the median or most frequent category, except
for covariates with missing data from more than 5% of
patients (19.7% missing KRAS status; 7.4% missing pri-
mary tumor location) wherein missing covariates were
coded with indicator variables.

Predefined categories of physical activity, walking pace,
walking duration, vigorous activity, and nonvigorous activity
were included in unadjusted and multivariable models. We
tested for linear trends across categories by assigning each
participant the median value for her or his category and
modeling this value as a continuous variable, consistent
with prior studies.38-40 To better characterize associations of
physical activity with patient outcomes, we generated
smoothing splines that depicted the log of hazards for OS
and PFS versus the log of total MET hours per week. We
conducted subgroup exploratory analyses to explore as-
sociations of physical activity across strata of covariates,
dividing patients into two categories of less than 9 MET
hours per week or 9 or more MET hours per week to
conserve statistical power. Secondary analyses also ex-
amined associations of physical activity with treatment-
related toxicities, assessed using the NCI Common Tox-
icity Criteria version 3.0. The proportionality of hazards
assumption was tested and satisfied using time-dependent
covariates in the model. Data collection was conducted by
the Alliance Statistics and Data Center. Data analyses were
performed using SAS (SAS/STATUser’s Guide, Version 9.4;
SAS Institute, Cary, NC) on a data set locked on January 18,
2018. Data quality was ensured by review of data by the
Alliance Statistics and Data Center and by the study
chairperson following Alliance policies. P , .05 was con-
sidered statistically significant. P values are two sided and
not adjusted for multiple comparisons.

RESULTS

Table 1 displays baseline characteristics by physical activity
level. Physically active individuals were younger and more
likely to be male and have left-sided primary tumors, less
likely to have comorbidities and weight loss, and tended to
have better performance status and lower bodymass index.
Patients included in this analysis did not differ significantly
in clinical characteristics from the remainder of trial pa-
tients, with the exception of a greater frequency of white
race, better average performance status, and a lower rate of
primary tumor resection (Data Supplement); 71.6%
completed the questionnaire within 14 days after initiating
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TABLE 1. Baseline Characteristics by Physical Activity Category (N = 1,218; median follow-up, 6.18 years)

Characteristic

Physical Activity (total MET-h/wk)

< 3 (n = 566; 47%) 3-8.9 (n = 292; 24%) 9-17.9 (n = 148; 12%) ‡ 18 (n = 212; 17%)

Median physical activity, MET-h/wk (Q1-Q3) 0.4 (0.0-1.7) 5.5 (4.0-7.5) 13.5 (10.9-15.6) 33.3 (24.3-47.7)

Median vigorous activity, h/wk (Q1-Q3) 0.0 (0.0-0.0) 0.1 (0.0-0.7) 1.0 (0.0-1.3) 2.5 (1.0-5.0)

Median nonvigorous activity, h/wk (Q1-Q3) 0.1 (0.0-0.3) 1.0 (0.3-1.3) 2.1 (1.0-2.6) 5.0 (1.3-8.5)

Male 279 (49.3) 185 (63.4) 111 (75.0) 143 (67.5)

Median age, years (Q1-Q3) 62.0 (53.5-68.9) 59.4 (51.1-66.9) 56.8 (51.8-65.4) 54.2 (46.8-62.9)

Race

White 477 (84.3) 247 (84.6) 134 (90.5) 183 (86.3)

Black 72 (12.7) 29 (9.9) 7 (4.7) 17 (8.0)

Other/unknown 17 (3.0) 16 (5.5) 7 (4.7) 12 (5.7)

ECOG PS*

0 324 (57.2) 178 (61.0) 92 (62.2) 158 (74.5)

1 241 (42.6) 114 (39.0) 56 (37.8) 54 (25.5)

2 1 (0.2)

Planned chemotherapy

FOLFIRI 133 (23.5) 57 (19.5) 36 (24.3) 42 (19.8)

mFOLFOX6 433 (76.5) 235 (80.5) 112 (75.7) 170 (80.2)

Prior adjuvant chemotherapy

No 493 (87.1) 250 (85.6) 126 (85.1) 190 (89.6)

Yes 73 (12.9) 42 (14.4) 22 (14.9) 22 (10.4)

Prior pelvic radiation

No 519 (91.7) 268 (91.8) 138 (93.2) 190 (89.6)

Yes 47 (8.3) 24 (8.2) 10 (6.8) 22 (10.4)

Assigned treatment arm

Bevacizumab 203 (35.9) 130 (44.5) 50 (33.8) 85 (40.1)

Cetuximab 218 (38.5) 100 (34.2) 57 (38.5) 77 (36.3)

Bevacizumab + cetuximab 145 (25.6) 62 (21.2) 41 (27.7) 50 (23.6)

KRAS†

Wild type 347 (61.3) 177 (60.6) 85 (57.4) 133 (62.7)

Mutant 111 (19.6) 56 (19.2) 35 (23.6) 34 (16.0)

Missing/indeterminate 108 (19.1) 59 (20.2) 28 (18.9) 45 (21.2)

Primary tumor location

Right or transverse colon 221 (39.0) 84 (28.8) 49 (33.1) 56 (26.4)

Left colon 301 (53.2) 190 (65.1) 88 (59.5) 139 (65.6)

Multiple/missing 44 (7.8) 18 (6.2) 11 (7.4) 17 (8.0)

Median BMI, kg/m2 (Q1-Q3) 28.0 (24.7-32.4) 27.1 (24.0-31.5) 26.8 (24.0-30.4) 26.6 (23.6-30.2)

BMI, kg/m2

, 21 46 (8.1) 23 (7.9) 11 (7.4) 22 (10.4)

21-24.9 103 (18.2) 72 (24.7) 40 (27.0) 51 (24.1)

25-29.9 201 (35.5) 107 (36.6) 56 (37.8) 84 (39.6)

30-34.9 133 (23.5) 60 (20.5) 26 (17.6) 42 (19.8)

$ 35 83 (14.7) 30 (10.3) 15 (10.1) 13 (6.1)

(continued on following page)
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trial therapy. The distribution of physical activity in our
cohort of patients with metastatic cancer was similar to
a prior cohort of patients with stage III colon cancer after
surgical resection, but with a shift toward greater inactivity
(prior cohort with 33% patients, 3 MET hours/week, 22%
3 to 8.9, 16% 9 to 17.9, and 28%$ 18; our cohort featured
47% patients, 3MET hours/week, 24% 3 to 8.9, 12% 9 to
17.9, and 17% $ 18).10

Associations of Total Physical Activity With Survival and

Cancer Progression

Median follow-up was 6.18 years. During follow-up, 1,056
of the 1,218 patients included in the analysis experienced
cancer progression and 945 subsequently died. An addi-
tional 89 patients died without documented progression. Of
patients, 795 experienced grade 3 or greater adverse
events.

Whereas greater physical activity was associated with
longer OS in the unadjustedmodel, the association became
nonsignificant after adjusting for other potential predictors
of patient outcome, including weight loss and comorbidities
(Table 2). Compared with individuals with less than 3 MET
hours per week, individuals with 18 or more MET hours per
week experienced a fully adjusted hazard ratio (HR) for OS
of 0.85 (95% CI, 0.71 to 1.02; PTrend = .06). However,
greater physical activity was associated with significantly
longer PFS. Compared with individuals with less than 3
MET hours per week, individuals with 18 or more MET

hours per week experienced a fully adjusted HR for PFS of
0.83 (95% CI, 0.70 to 0.99; PTrend = .01). These analyses
excluded patients who experienced disease progression or
mortality within 60 days after questionnaire completion,
given the potential for declining health as a result of occult
disease progression to reduce physical activity. When we
extended this restriction to 90 days, the association be-
tween greater physical activity and longer PFS persisted
(HR, 0.84; 95% CI, 0.71 to 1.00; PTrend = .01).

Of note, 156 patients completed the physical activity
questionnaire more than 30 days after trial registration, and
32 patients did not return the questionnaire until more than
60 days after. After excluding the latter 32 in a sensitivity
analysis, our results were largely unchanged (OS: adjusted
HR, 0.83; 95% CI, 0.69 to 1.01; PTrend = .05; PFS: adjusted
HR, 0.84; 95% CI, 0.70 to 0.999; PTrend = .02). After
excluding all 156 patients, HR point estimates were similar,
though power was reduced (OS: adjusted HR, 0.85; 95%
CI, 0.69 to 1.03; PTrend = .07; PFS: adjusted HR, 0.87; 95%
CI, 0.72 to 1.05; PTrend = .05).

The Data Supplement displays smoothing splines that
characterize associations of total MET hours per week with
OS and PFS. The splines suggest longer PFS and OS with
increasing physical activity.

In exploratory subgroup analyses, we examined associa-
tions of total physical activity with OS and PFS across strata
of other potential predictors of patient outcome after

TABLE 1. Baseline Characteristics by Physical Activity Category (N = 1,218; median follow-up, 6.18 years) (continued)

Characteristic

Physical Activity (total MET-h/wk)

< 3 (n = 566; 47%) 3-8.9 (n = 292; 24%) 9-17.9 (n = 148; 12%) ‡ 18 (n = 212; 17%)

Median weight change (Q1-Q3),
by change in body weight, %‡

28.6 (214.4 to –4.0) 26.6 (213.0 to –2.4) 27.9 (212.3 to –2.9) 25.6 (210.5 to 22.3)

Weight change by
change in body weight, %‡

Loss $ 5 396 (70.0) 181 (62.0) 97 (65.5) 116 (54.7)

Change , 5 158 (27.9) 101 (34.6) 41 (27.7) 88 (41.5)

Gain $ 5 12 (2.1) 10 (3.4) 10 (6.8) 8 (3.8)

Comorbidity present‡

None 339 (59.9) 196 (67.1) 103 (69.6) 163 (76.9)

$ 1 227 (40.1) 96 (32.9) 45 (30.4) 49 (23.1)

NOTE: Data presented as No. (%) unless otherwise indicated.
Abbreviations: BMI, body mass index; ECOG PS, Eastern Cooperative Oncology Group performance status; FOLFIRI, irinotecan, fluorouracil, and

leucovorin; h/w, hours per week; Q1-Q3, quartiles 1 and 3; MET, metabolic equivalent task; mFOLFOX6, oxaliplatin, fluorouracil, and leucovorin.
*Baseline PS: PS 0 = fully active; PS 1 = restricted in physically strenuous activity but ambulatory and able to carry out light work; PS 2 = ambulatory and

capable of all self-care but unable to carry out any work activities, up and about more than 50% of waking hours.
†Whereas KRAS eligibility criteria for inclusion in the clinical trial’s primary analysis was based on the examination of exon 2 codons 12 and 13 using the

Scorpionmethod,22 our covariate analysis supplemented this data with KRAS sequencing from the BIG Project (a collaboration with Genentech)41 and Merck
BEAMing technology.42-44 If patients were missing KRAS data from the Scorpion method, results from the BIG project were substituted. If patients were
classified as KRASwild type by the Scorpionmethod, but one or more of the other two tests indicated a KRASmutation, the patient was reclassified asmutant,
unless the two additional tests disagreed, in which case the patient was reclassified as indeterminate. If patients were classified as KRAS mutant by the
Scorpion method, but classified as wild-type by the BIG project, they were also reclassified as indeterminate.
‡As reported on the questionnaire.
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adjustment for covariates (Data Supplement). In these
analyses, the test for interaction between total physical
activity and performance status as a predictor of OS was
significant (PInteraction = .02), wherein the association of
activity with longer OS wasmore robust among patients with
ECOG performance status of 1 or 2 versus 0. Subgroup
analyses also revealed a marginal significant interaction
between physical activity and KRAS status as a predictor of
PFS (PInteraction = .05), wherein greater activity was asso-
ciated with improved PFS in patients with KRAS wild-type
tumors (PTrend = .001), but not KRASmutant (PTrend = .68).

Associations of Walking With Survival and

Cancer Progression

There was no significant association between walking
duration and risk of all-cause mortality after adjusting for
other predictors of patient outcome (PTrend = .14; Table 3).
However, greater walking duration was associated with
longer PFS in the unadjusted (PTrend = .009) and adjusted
models (PTrend = .04). Faster walking pace was associated
with longer OS in the unadjusted model (PTrend = .005), but
not after adjusting for potential confounders (PTrend = .48).
Walking pace was not significantly associated with PFS in
unadjusted or adjusted models.

Associations of Vigorous and Nonvigorous Activity With

Survival and Cancer Progression

Greater nonvigorous activity was associated with longer OS
and PFS even after adjusting for potential confounders
(Table 3). Compared with individuals with less than 1 hour

per week of nonvigorous activity, individuals with 5 or more
hours per week of nonvigorous activity experienced an
adjusted HR for all-cause mortality of 0.80 (95% CI, 0.65 to
0.98; PTrend = .03) and an adjusted HR for PFS of 0.78
(95% CI, 0.64 to 0.95; PTrend = .01). In contrast, vigorous
activity was not significantly associated with patient
outcome.

Associations of Physical Activity With

Treatment-Related Toxicities

Physical activity was associated with a significantly lower
rate of treatment-related adverse events (Table 4 and
Fig 2). Patients participating in 9 or more MET hours per
week experienced an adjusted HR for treatment-related
adverse events of 0.73 (95% CI, 0.62 to 0.86; P , .001)
compared with patients participating in less than 9 MET
hours per week. This result remained statistically significant
after adjusting for time between therapy initiation and
physical activity questionnaire completion (HR, 0.73; 95%
CI, 0.62 to 0.86; P, .001), as well as exclusion of patients
who completed the questionnaire more than 14 days after
chemotherapy initiation (HR, 0.80; 95% CI, 0.66 to 0.97;
P = .02). Associations of physical activity with individual
types of adverse events are also listed in Table 4.

DISCUSSION

In this prospective study of patients with mCRC enrolled in
an NCI-sponsored, randomized trial of systemic therapy,
greater total physical activity was associated with longer
PFS and reduced incidence of treatment-related toxicities;

TABLE 2. Associations Between Physical Activity and Outcomes in Patients With Advanced or Metastatic Colorectal Cancer (N = 1,218)

Variable

Physical Activity (total MET-h/wk)

Ptrend*< 3 3-8.9 9-17.9 ‡ 18

Median (Q1-Q3) 0.4 (0.0-1.7) 5.5 (4.0-7.5) 13.5 (10.9-15.6) 33.3 (24.3-47.7) —

OS

Event/No. 491/566 251/292 123/148 169/212

Unadjusted 1 (Reference) 0.87 (0.75-1.01) 0.81 (0.66-0.98) 0.74 (0.62-0.88) , .001

Adjusted 1† 1 (Reference) 0.91 (0.78-1.07) 0.81 (0.66-0.99) 0.82 (0.68-0.98) .02

Adjusted 2‡ 1 (Reference) 0.93 (0.80-1.09) 0.82 (0.67-1.01) 0.85 (0.71-1.02) .06

PFS

Event/No. 534/566 278/292 140/148 193/212

Unadjusted 1 (Reference) 1.00 (0.86-1.15) 0.81 (0.68-0.98) 0.79 (0.67-0.93) .002

Adjusted 1† 1 (Reference) 1.01 (0.87-1.17) 0.81 (0.67-0.99) 0.82 (0.69-0.97) .009

Adjusted 2‡ 1 (Reference) 1.03 (0.88-1.19) 0.81 (0.67-0.99) 0.83 (0.70-0.99) .01

Abbreviations: MET, metabolic equivalent task; OS, overall survival; PFS, progression-free survival; Q1-Q3, quartiles 1 and 3.
*P values are two sided.
†Adjusted 1: Adjusting with Cox proportional hazards regression analysis for age (continuous years), sex (female, male), Eastern Cooperative

Oncology Group performance status (0 v 1-2), planned chemotherapy (irinotecan, fluorouracil, and leucovorin; or oxaliplatin, fluorouracil, and
leucovorin), prior adjuvant chemotherapy (yes, no), prior radiation therapy (yes, no), assigned treatment arm (bevacizumab, cetuximab,
bevacizumab + cetuximab), bodymass index (, 21, 21-24.9, 25-29.9, 30-34.9,$ 35 kg/m2), primary tumor location (right/transverse colon, left
colon, multiple/missing), and KRAS tumor status (wild type, mutant, indeterminate/missing).

‡Adjusted 2: Adjusting for all above and percent weight change (loss $ 5%, change , 5%, gain $ 5%) as well as comorbidity (none, any).
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TABLE 3. Associations Between Walking Duration, Walking Pace, Vigorous Activity, and Nonvigorous Activity and Outcomes in Patients With Advanced or
Metastatic Colorectal Cancer

Variable

Walking Duration (time/wk)

Ptrend*< 20 Minutes
20 Minutes to
1.5 Hours 2-3 Hours 4-6 Hours ‡ 7 Hours

Median (Q1-Q3) 0.0 (0.0-0.2) 0.7 (0.7-1.0) 2.5 (2.5-2.5) 5.0 (5.0-5.0) 8.5 (8.5-12.5)

OS

Event/No. 512/583 320/390 98/117 54/67 50/61

Unadjusted 1 (Reference) 0.81 (0.71-0.93) 0.84 (0.67-1.04) 0.67 (0.51-0.89) 0.82 (0.61-1.09) .02

Adjusted 1† 1 (Reference) 0.85 (0.73-0.97) 0.91 (0.73-1.13) 0.68 (0.51-0.91) 0.88 (0.66-1.18) .08

Adjusted 2‡ 1 (Reference) 0.86 (0.74-0.99) 0.92 (0.74-1.16) 0.70 (0.52-0.93) 0.90 (0.67-1.21) .14

PFS

Event/N 550/583 367/390 107/117 62/67 59/61

Unadjusted 1 (Reference) 0.89 (0.78-1.01) 0.83 (0.67-1.02) 0.75 (0.58-0.98) 0.76 (0.58-1.00) .009

Adjusted 1† 1 (Reference) 0.90 (0.78-1.02) 0.84 (0.68-1.04) 0.75 (0.58-0.98) 0.79 (0.60-1.03) .02

Adjusted 2‡ 1 (Reference) 0.90 (0.79-1.04) 0.86 (0.69-1.06) 0.76 (0.58-1.00) 0.81 (0.61-1.06) .04

Variable

Walking Pace (MPH)

Ptrend*Easy (< 2.0) Normal (2.0-2.9) Brisk (‡ 3.0)

Median 1 2.5 3.5

OS

Event/No. 195/227 644/752 195/239

Unadjusted 1 (Reference) 0.85 (0.73-1.00) 0.75 (0.62-0.92) .005

Adjusted 1† 1 (Reference) 0.93 (0.78-1.09) 0.85 (0.69-1.05) .14

Adjusted 2‡ 1 (Reference) 0.95 (0.80-1.12) 0.93 (0.74-1.16) .48

PFS

Event/No. 214/227 711/752 220/239

Unadjusted 1 (Reference) 0.96 (0.82-1.12) 0.82 (0.68-0.99) .05

Adjusted 1† 1 (Reference) 1.01 (0.86-1.18) 0.87 (0.71-1.07) .26

Adjusted 2‡ 1 (Reference) 1.04 (0.88-1.22) 0.95 (0.77-1.17) .76

Variable

Vigorous Activity (h/wk)

Ptrend*0 0-1.24 1.25-2.9 ‡ 3

Median (Q1-Q3) 0.0 (0.0-0.0) 0.7 (0.2-1.0) 2.0 (1.3-2.5) 5.0 (5.0-8.5)

OS

Event/No. 639/752 217/250 112/134 66/82

Unadjusted 1 (Reference) 0.98 (0.84-1.14) 0.96 (0.78-1.17) 0.80 (0.62-1.03) .09

Adjusted 1† 1 (Reference) 1.07 (0.91-1.25) 0.98 (0.80-1.21) 0.94 (0.73-1.22) .64

Adjusted 2‡ 1 (Reference) 1.10 (0.94-1.29) 1.09 (0.88-1.34) 1.03 (0.79-1.34) .68

(continued on following page)
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however, there was no association with OS. Greater non-
vigorous activity and walking duration were associated with
longer PFS and greater nonvigorous activity was associated
with longer OS. Walking pace and vigorous activity were not
associated with patient outcome.

Activity may improve cancer outcomes by reducing
hyperinsulinemia,45-52 oxidative damage,53 inflammation,54-56

or treatment-related toxicities.57,58 Prospective studies
have demonstrated an association between greater physical
activity and reduced mortality8 and disease recurrence10 in
CRC without distant metastases. Examination of activity and
outcome in patients with CRC with metastases has been
limited to small subgroup analyses.11,15-17 These have not
demonstrated a relationship between prediagnosis activity
and mCRC outcome.11,15-17 A prior study that included pa-
tients with mCRC found postdiagnosis activity to be inversely
associated with mortality.18 However, the patient subgroup

with metastatic disease was relatively small (n = 234).18 To
our knowledge, our study, which features comprehensive
data on patient characteristics, tumor characteristics, and
clinical follow-up, features the largest prospective cohort to
examine physical activity in mCRC and is the first mCRC
investigation of activity to adjust for comorbidities and weight
loss to reduce confounding by poor or rapidly declining health.

Our study is also unique in its investigation of vigorous and
nonvigorous activity and walking. Although exercise in-
tensity has been studied in relation to CRC risk,59 we are not
aware of previous literature on vigorous or nonvigorous
activity in relation to CRC outcome. One CRC cohort study
found walking duration to be inversely associated with
mortality, but did not specifically investigate this association
in metastatic disease.18 Our findings suggest that patients
with mCRC may benefit from nonvigorous activity which is
achievable for many receiving chemotherapy.

TABLE 3. Associations Between Walking Duration, Walking Pace, Vigorous Activity, and Nonvigorous Activity and Outcomes in Patients With Advanced or
Metastatic Colorectal Cancer (continued)

Variable

Vigorous Activity (h/wk)

Ptrend*0 0-1.24 1.25-2.9 ‡ 3

PFS

Event/No. 706/752 240/250 126/134 73/82

Unadjusted 1 (Reference) 1.03 (0.89-1.20) 0.97 (0.80-1.17) 0.84 (0.66-1.07) .18

Adjusted 1† 1 (Reference) 1.08 (0.93-1.26) 0.98 (0.81-1.20) 0.90 (0.70-1.16) .41

Adjusted 2‡ 1 (Reference) 1.11 (0.95-1.29) 1.05 (0.86-1.28) 0.97 (0.75-1.25) .89

Variable

Nonvigorous Activity (h/wk)

Ptrend*0-0.9 1.0-4.9 ‡ 5.0

Median (Q1-Q3) 0.1 (0.0-0.5) 1.4 (1.1-2.5) 6.1 (5.1-9.3)

OS

Event/No. 658/765 267/318 109/135

Unadjusted 1 (Reference) 0.87 (0.75-1.00) 0.77 (0.63-0.94) .008

Adjusted 1† 1 (Reference) 0.90 (0.78-1.04) 0.79 (0.64-0.97) .02

Adjusted 2‡ 1 (Reference) 0.90 (0.77-1.04) 0.80 (0.65-0.98) .03

PFS

Event/No. 722/765 296/318 127/135

Unadjusted 1 (Reference) 0.90 (0.79-1.03) 0.77 (0.64-0.93) .006

Adjusted 1† 1 (Reference) 0.90 (0.78-1.03) 0.78 (0.64-0.94) .009

Adjusted 2‡ 1 (Reference) 0.90 (0.78-1.04) 0.78 (0.64-0.95) .01

Abbreviations: OS, overall survival; PFS, progression-free survival; Q1-Q3, quartiles 1 and 3.
*P values are two sided.
†Adjusted 1: Adjusting with Cox proportional hazards regression analysis for age (continuous years), sex (female, male), Eastern Cooperative Oncology

Group performance status (0 v 1-2), planned chemotherapy (irinotecan, fluorouracil, and leucovorin; or oxaliplatin, fluorouracil, and leucovorin), prior
adjuvant chemotherapy (yes, no), prior radiation therapy (yes, no), assigned treatment arm (bevacizumab, cetuximab, bevacizumab + cetuximab), body
mass index (, 21, 21-24.9, 25-29.9, 30-34.9,$ 35 kg/m2), primary tumor location (right/transverse colon, left colon, multiple/missing), and KRAS (wild type,
mutant, Indeterminate/missing).
‡Adjusted 2: Adjusting for all above and percent weight change (loss $ 5%, change , 5%, gain $ 5%) as well as comorbidity score (none, any). The

second adjusted model for walking duration was adjusted for walking pace and vice versa. The second adjusted model for vigorous activity was adjusted for
nonvigorous activity and vice versa.
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To our knowledge, our study is also the first to demonstrate an
association in mCRC between greater activity and lower in-
cidence of treatment-related toxicities. Our questionnaire
assessed physical activity averaged over the 2 months pre-
ceding its administration and was administered around the
time of chemotherapy initiation. However, nearly 30% of
patients completed the questionnairemore than 14 days after
chemotherapy initiation, which raises the possibility of reverse
causation in our toxicity analysis. Nonetheless, the associa-
tion of greater physical activity with reduced risk of grade 3 or
greater toxicities remained largely unchanged after excluding
patients who completed the questionnairemore than 14 days
after therapy initiation and after adjusting our model for time
between treatment initiation and questionnaire completion.
Although an association between greater activity and reduced
treatment toxicity is novel in the context of mCRC, it is
consistent with studies in nonmetastatic malignancies, in-
cluding randomized trials of exercise in patients with breast
cancer that decreased nausea, pain, and improved che-
motherapy completion rates.57,58

Conducting a prospective cohort study nested within an
NCI-sponsored clinical trial offers several advantages. First,
patients had confirmed metastatic disease at baseline,

which reduces heterogeneity by disease stage. Second,
treatment and follow-up were standardized, which allowed
for disease progression and mortality to be recorded pro-
spectively and accurately. Finally, detailed information on
prognostic variables was collected at baseline, allowing
adjustment for potential confounders.

A potential criticism of our study is that reduced physical
activity may simply be a marker of poor health, resulting in
spurious association between inactivity andmortality. Given
our study’s observational design, we cannot completely
exclude residual confounding by poor health; however, our
findings are supported by the fact that patients had normal
or near-normal performance status. Moreover, all analyses
were adjusted for performance status. To minimize the
influence of deteriorating health on activity, we also ex-
cluded patients with cancer progression or death in the
60 days after questionnaire completion. When extended to
90 days, we continued to observe a beneficial association
between activity and PFS. Finally, our findings remained
statistically significant after adjusting for weight loss and
comorbidities. Nonetheless, randomized clinical trials of
physical activity interventions are needed to confirm our
findings.

TABLE 4. Associations of Physical Activity With Treatment-Related Toxicities

Category/Event
Total (N = 1,205),

No. (%)
0-8.9 MET-h/wk (n = 848),

No. (%)
‡ 9 MET-h/wk (n = 357),

No. (%) X2 P* HR (95% CI)† PHR†

Blood/bone marrow

Neutropenia 417 (34.6) 319 (37.6) 98 (27.5) , .001 0.78 (0.61 to 0.99) .04

Anemia 21 (1.7) 17 (2.0) 4 (1.1) .34 0.73 (0.23 to 2.26) .58

GI

Diarrhea 144 (12.0) 107 (12.6) 37 (10.4) .27 0.90 (0.61 to 1.34) .62

Dehydration 51 (4.2) 49 (5.8) 2 (0.6) , .001 0.10 (0.02 to 0.41) .002

Vomiting 40 (3.3) 32 (3.8) 8 (2.2) .18 0.65 (0.29 to 1.45) .29

Anorexia 35 (2.9) 32 (3.8) 3 (0.8) .004 0.25 (0.07 to 0.85) .03

Nausea 32 (2.7) 26 (3.1) 6 (1.7) .17 0.67 (0.27 to 1.70) .40

Other categories

Neuropathy 383 (31.8) 271 (41.1) 112 (40.0) .76 0.87 (0.69 to 1.10) .24

Fatigue 133 (11.0) 106 (12.5) 27 (7.6) .01 0.60 (0.39 to 0.94) .02

Severe weight loss 19 (1.6) 14 (1.7) 5 (1.4) .75 1.17 (0.37 to 3.69) .79

Hypertension 44 (3.7) 31 (3.7) 13 (3.6) . .99 1.15 (0.59 to 2.27) .68

Pain 58 (4.8) 40 (4.7) 18 (5.0) .81 1.22 (0.68 to 2.20) .50

Any of the above 795 (66.0) 586 (69.1) 209 (58.5) , .001 0.73 (0.62 to 0.86) , .001

NOTE. Frequency of first-ever adverse events stratified across categories of physical activity. First-ever adverse events were recorded if they were
grade $ 3 (except grade $ 2 for neuropathy) and possibly, probably, or definitely related to trial therapy. Events were excluded if they occurred before
physical activity measurement (n = 13). Individuals without recorded adverse events were censored at last follow-up or death.
Abbreviations: HR, hazard ratio; MET, metabolic equivalent task.
*X2 P was based on x2 test or Fisher’s exact test if any category included n , 5.
†HR and PHR were calculated using Cox proportional hazards regression analysis. Covariates included in the Cox regressions included age (continuous

variable), sex (male, female), protocol chemotherapy, prior adjuvant chemotherapy, prior radiation therapy, targeted therapy treatment arm, KRAS tumor
status, primary tumor site location, Eastern Cooperative Oncology Group performance status, body mass index groups, presence of any comorbidity, and
weight change.
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Our study has notable limitations. First, patients in clinical
trials may differ from the general population. Such patients
must satisfy eligibility criteria, be selected for the study, and
bemotivated to participate; however, this cohort, which was
drawn from a large NCI-sponsored trial, included patients
from community and academic centers throughout North
America. Trial participants who voluntarily complete ques-
tionnaires may also differ from other participants, and only
58% of the trial’s participants completed our questionnaire.
These patients were more likely to be white and have good
performance status; however, they did not significantly differ
inmostmeasured characteristics. Our study is also subject to
limitations that are inherent to self-reported physical activity,
although our activity questionnaire has been extensively
used and validated.10,16,28-30 Given trial exclusion criteria, our
findings may not be generalizable to patients with poor

performance status. Such patients, however, have limited
ability to exercise regardless of potential benefits.

In summary, this prospective study of patients with
mCRC, embedded in a randomized, phase III trial,
demonstrated longer PFS and lower risk of treatment-
related toxicities with greater total physical activity.
Greater nonvigorous activity was associated with longer
OS and PFS, and greater walking duration with longer
PFS. Although our observational study does not offer
evidence for causality, it builds on mounting evidence
that demonstrates improved CRC outcomes with greater
physical activity and extends this association to CRC
with metastases. Although additional studies are needed
to confirm these results, our findings support the dis-
cussion and recommendation of physical activity in the
management of mCRC.
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FIG 2. Kaplan-Meier curve
for any first-time adverse
event stratified by physical
activity level. The blue curve
represents individuals who
reported activity of 0-8.9 met-
abolic equivalent task (MET)
hours per week. The red curve
represents individuals who
reported activity of 9 or more
MET hours per week. Below
the x-axis is displayed the
number of patients at risk at
each 2-month interval, cate-
gorized by baseline physical
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