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Abstract 

Background: Inflammation and insufficient physical inactivity contribute to individual-level risk of disease recurrence and death in 
stage III colon cancer. The extent to which increased inflammatory risk can be offset by sufficient physical activity remains 
unknown.

Methods: This cohort study was nested within the Cancer and Leukemia Group B (now part of the Alliance for Clinical Trials in Oncology) 
and Southwest Oncology Group randomized trial. Inflammatory burden was quantified by high-sensitivity C-reactive protein, interleukin- 
6, and soluble tumor necrosis factor-α receptor 2 after recovery from tumor resection. Physical activity was measured during and after 
postoperative chemotherapy. The primary endpoint was disease-free survival.

Results: The 3-year disease-free survival rate was 88.4% among patients with low inflammation and sufficient physical activity (referent 
group for all comparisons), 84.9% with low inflammation and insufficient physical activity (absolute risk difference ¼ −3.5 percentage 
points, 95% confidence interval [CI] ¼ −11.3 to 4.3; P¼ .38), 78.0% with intermediate inflammation and insufficient physical activity (abso
lute risk difference ¼ −10.4 percentage points, 95% CI ¼ −17.4 to −3.3; P¼ .007), and 79.7% with high inflammation and insufficient physi
cal activity (absolute risk difference ¼ −8.7 percentage points, 95% CI ¼ −15.7 to −1.6; P¼ .022). In contrast, the 3-year disease-free survival 
rate was 87.3% among patients with intermediate inflammation and sufficient physical activity (absolute risk difference ¼ −1.1 percent
age points, 95% CI ¼ −7.5 to 5.3; P¼ .74) and 84.4% with high inflammation and sufficient physical activity (absolute risk difference ¼ −4.0 
percentage points, 95% CI ¼ −12.3 to 4.3; P¼ .34).

Conclusion: In this observational study of stage III colon cancer patients, physical activity was associated with improved disease-free 
survival despite high inflammation. Patients with intermediate or high inflammation who were physically active had disease-free survival 
rates that were not statistically significantly different from those with low inflammation.

Inflammation is implicated in the progression of various solid 
tumors (1). Inflammation activates the Janus kinase/signal trans
ducers and activators of transcription (JAK-STAT) and nuclear factor 
(NF)–κB signaling pathways to promote cell proliferation, migration, 
and invasion (2). Inflammation after recovery from colonic tumor 
resection is associated with shorter disease-free survival (3,4). In 

tumor-bearing preclinical models, inflammatory pathway blockade 
slows cancer cell growth and delays tumor progression (5).

Postoperative physical activity is associated with longer 
disease-free survival in patients with colon cancer (6,7). The bio
logical mechanisms through which physical activity improves 
disease-free survival remain poorly understood; however, 
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inflammation is postulated as a key mediator (8). Physical activ
ity reduces inflammation in colon cancer survivors (9). However, 
it is uncertain if the negative prognostic effect of inflammation 
on disease-free survival in patients with colon cancer can be off
set by sufficient physical activity.

We examined the association of inflammation and physical 
activity with disease-free survival in a prospectively nested 
cohort study of patients with stage III colon cancer enrolled in a 
National Cancer Institute–sponsored randomized multicenter 
trial of postoperative treatments (10). This study was uniquely 
designed to determine if a behavioral factor (physical activity) 
modifies the prognostic effect of a biological factor (inflamma
tion) because inflammation was measured at baseline and physi
cal activity was subsequently measured during and after 
chemotherapy. We hypothesized that physical activity would be 
associated with improved disease-free survival despite the pres
ence of high inflammation.

Methods
Study design
The Cancer and Leukemia Group B (now part of the Alliance for 
Clinical Trials in Oncology) and Southwest Oncology Group trial 
80702 was designed in collaboration with the National Cancer 
Institute. The trial used a 2 × 2 factorial design to test the primary 
hypothesis of the superiority of celecoxib compared with placebo 
and the secondary hypothesis of the noninferiority of 3 months 
compared with 6 months of chemotherapy as part of an interna
tional pooling project. The superiority of celecoxib vs placebo to 
improve disease-free survival was not proven (10), and results of 
the secondary hypothesis are reported (11).

All participants were allowed to consent to participate in sev
eral nested correlative science studies at the time of trial enroll
ment. One correlative study asked participants to provide a 
baseline blood sample for biospecimen assays. Another correla
tive study asked participants to complete standardized assess
ments of lifestyle factors during and after chemotherapy. 
Institutional review board approval was obtained at all participat
ing centers, and participants provided written informed consent.

Study population
Participants were enrolled at community and academic centers 
across the National Cancer Trials Network in the United States 
and Canada. Eligible participants had resected, histologically docu
mented colonic adenocarcinoma. Tumors had at least 1 pathologi
cally confirmed metastatic lymph node or N1c designation, 
defined as tumor deposit(s) in the subserosa, mesentery, or non
peritonealized pericolic tissue without regional lymph node meta
stases. Participants were aged 18 years and older, with an Eastern 
Cooperative Oncology Group performance status of no more than 
2, and had normal hepatic, renal, and hematologic values (10).

Inflammatory measures
Nonfasting EDTA-preserved plasma was collected 21-56 days 
after surgical tumor resection and before initiating chemother
apy and pharmacotherapy (ie, before random assignment). 
Inflammation measures of high-sensitivity C-reactive protein 
(hs-CRP), interleukin 6 (IL-6), and soluble tumor necrosis factor- 
alpha (TNFα) receptor 2 were assayed centrally (Clinical 
Chemistry Laboratory of the Children’s Hospital of Boston, 
Boston, MA, USA). These inflammatory measures were selected 
because of their associations with disease recurrence and death 
in studies of colon cancer (4). hs-CRP was measured as a marker 

of overall systemic inflammation (12). IL-6 was measured as an 
activator of the JAK-STAT pathway (13). Soluble TNFα receptor 2 
was measured as an activator of the NF-kB pathway (14). Soluble 
TNFα receptor 2 is a surrogate marker for TNFα that is more sta
ble in plasma and less sensitive to diurnal variation (15). The con
centrations of these inflammatory measures do not differ by 
collection type (fasting vs nonfasting) (16), tumor resection pro
cedure (open vs laparoscopic) (17), and return to baseline within 
7 days after tumor resection (17). hs-CRP was quantified using an 
immunoturbidimetric assay (Roche Diagnostics). IL-6 and soluble 
TNFα receptor 2 were quantified using ultrasensitive sandwich 
enzyme immunoassays (R&D Systems). The laboratory charac
teristics of these assays are published (9).

Physical activity assessment
Physical activity was assessed midway through chemotherapy 
(4 months following surgical resection) and 6 months after com
pleting chemotherapy (14 months after surgical resection) using 
the questionnaire implemented in the Nurses’ Health Study and 
Health Professionals Follow-Up Study [Supplementary Table 1, 
available online (18)]. Patients reported their average weekly time 
spent on various physical activities using a validated question
naire during the preceding 2 months (18). Each physical activity 
was assigned a metabolic equivalent (MET) energy expenditure 
according to standardized criteria (19). We calculated the MET 
hours per week for each activity by multiplying the MET value by 
the patient’s reported number of hours of physical activity each 
week.

Study endpoints
The primary endpoint was disease-free survival, from random 
assignment to documented disease recurrence or death from any 
cause. Participants were assessed for disease recurrence by his
tory, physical examination, and carcinoembryonic antigen meas
ures every 3 months for the first 3 years and subsequently every 
6 months until 6 years after enrollment or until disease recur
rence, whichever came first. All participants had surveillance 
imaging of the chest, abdomen, and pelvis every 6 months for at 
least 3 years and then yearly for 3 years or until disease recur
rence. Patients without an event were censored at their last dis
ease evaluation date. The secondary endpoint was overall 
survival, defined as the time from random assignment to death 
from any cause.

Covariates
Potential confounding variables were identified based on expert 
knowledge as potentially causally related to inflammation, phys
ical activity, or disease recurrence and death. Data for partici
pant demographic factors, including age, sex, race, and ethnicity, 
were self-reported. Clinical factors including the extent of tumor 
invasion through the bowel wall (T-stage), the extent of lymph 
node metastases (N-stage), pathologic risk group (low [T1, T2, or 
T3, N1] or high [T4, N2, or both]), tumor location, performance 
status, and low-dose aspirin use were obtained from a combina
tion of physician assessment and the medical record. Smoking 
history was self-reported. Body mass index was abstracted from 
a combination of the electronic medical record and self-report. 
Diet was assessed using a 131-item food frequency question
naire; prudent and Western dietary patterns were defined using 
previously validated factor loadings in this population (20). Body 
mass index and diet were updated when physical activity was 
reassessed.
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Statistical analysis
Physical activity was modeled using cumulative averaging, quan
tifying the time-weighted average of all reported physical activ
ity. We updated physical activity based on the results of the 
second questionnaire, which was weighted proportional to the 
time between the first and second questionnaire and the time 
between the second questionnaire and the disease-free survival 
period. Repeatedly measured variables (eg, body mass index and 
dietary patterns) were considered time-varying confounders.

Flexible parametric proportional hazards survival models 
were used to quantify statistical associations. Parametric sur
vival models allow for smooth predictions and the estimation of 
absolute and relative effects while permitting flexibility in the 
shape of the baseline hazard function. Absolute effects are pre
sented as risk differences at 3 years for disease-free survival and 
5 years for overall survival, as these time horizons are clinically 
meaningful (21). Relative effects are presented as the hazard 
ratio (HR) using all observed data in a time-to-event framework.

Each inflammatory biomarker was categorized into thirds to 
represent low (first tertile), intermediate (second tertile), and 
high (third tertile) inflammation. Tertiles of the 3 inflammatory 
biomarkers were then consolidated to generate a composite of 
the overall inflammatory burden. Participants in the lowest over
all inflammatory burden category had no biomarker values in 
the third tertile, participants in the intermediate overall inflam
matory burden category had 1 biomarker value in the third ter
tile, and participants in the high overall inflammatory burden 
category had 2 or 3 biomarker values in the third tertile. 
Participants who reported at least 9 MET hours per week were 
classified as sufficiently physically active (comparable with the 
energy expenditure of 150 min/wk of brisk walking or 75 min/wk 
of jogging, consistent with the current physical activity guide
lines for cancer survivors) (22), and participants who reported 
less than 9 MET hours per week were classified as insufficiently 
physically active. A 6-level composite variable integrated the 3 
inflammation categories with the 2 physical activity categories. 
The category of low inflammation and sufficient physical activity 
(best prognosis) was selected as a reference group because of a 
biological rationale to understand how physical activity may mit
igate the known negative effect of inflammation on disease-free 
survival and the clinical rationale to inform patient counseling.

Multivariable (eg, confounder adjusted) models were fit to 
achieve parsimony based on stepwise selection, relative change 
in estimates, and minimization of the Akaike information crite
rion and Bayesian information criterion. All inferential models 
for the disease-free survival and overall survival endpoints are 
adjusted for sex, extent of invasion through the bowel wall, nodal 
stage, prudent dietary pattern (time varying), chemotherapy ran
dom assignment, and pharmacotherapy random assignment. All 
hypothesis tests were 2-sided with statistical significance estab
lished at a P value less than .05. Data were collected by the 
Alliance Statistics and Data Management Center. Data analysis 
was conducted by the Alliance Statistics and Data Management 
Center using SAS (Version 9.4) and R (Version 4.2.2) on a dataset 
locked on August 10, 2020. Data quality was ensured by review of 
data by the Alliance Statistics and Data Management Center and 
by the study chairperson following Alliance policies.

Results
From June 2010 to November 2015, a total of 2524 participants from 
654 centers were eligible and randomly assigned. Data from both 

correlative studies were available for 1179 participants (46.7%) and 
were included in this analysis (Supplementary Figure 1, available 
online). Participants in this analysis were more likely to be White 
(82.5% vs 76.1%; P< .001), non-Hispanic (94.5% vs 90.6; P< .001), 
and to use aspirin (23.5% vs 19.7%; P¼ .021) compared with partici
pants excluded from this analysis (Supplementary Table 2, avail
able online).

The pharmacotherapy randomization group was not associated 
with physical activity (−0.0 MET-h/wk, 95% Confidence Interval (CI) 
¼ −1.4 to 1.2 MET-h/wk; P¼ .93). The median physical activity 
energy expenditure midway through chemotherapy was 5.0 MET- 
h/wk (interquartile range [IQR] ¼ 0.7-15.9 MET-h/wk) and increased 
to 9.1 MET hours per week (IQR ¼ 2.0-24.4) 6 months after complet
ing chemotherapy (P< .001); physical activity between these 2 time
points was correlated (ρ¼ 0.51, 95% CI ¼ 0.44 to 0.58 MET-h/wk).

At baseline, the median hs-CRP was 2.6 mg/L (IQR ¼ 1.2-5.7 
mg/L), IL-6 was 3.7 pg/mL (IQR ¼ 2.3-6.2 pg/mL), and soluble 
TNFα receptor 2 was 2870 pm/mL (IQR ¼ 2338-3603 pm/mL), indi
cating low to moderate inflammation; 524 (44.4%) participants 
had a hs-CRP of at least 3.0 mg/L consistent with elevated overall 
systemic inflammation (Table 1). All 3 inflammatory biomarkers 
were statistically significantly correlated (Supplementary Table 
3, available online). The overall inflammatory burden was classi
fied as low, intermediate, and high in 295 (25.0%), 525 (44.5%), 
and 359 (30.5%) participants, respectively (inflammatory bio
marker thresholds are presented in Supplementary Table 4, 
available online). As compared with participants with low 
inflammation at baseline, those with intermediate (relative risk 
[RR] ¼ 0.92, 95% CI ¼ 0.80 to 1.05) and high inflammation (RR ¼
0.58, 95% CI ¼ 0.48 to 0.69) were less likely to have sufficient 
physical activity during and after postoperative chemotherapy 
(Ptrend < .001); participants with sufficient postoperative physical 
activity had lower baseline median hs-CRP (Δ ¼ −0.66 mg/L, 95% 
CI ¼ −0.96 to −0.39 mg/L; P< .001), IL-6 (Δ ¼ −0.67 pg/mL, 95% CI 
¼ −0.96 to −0.40 mg/L; P< .001), and soluble TNFα receptor 2 (Δ ¼
−361 pg/mL, 95% CI ¼ −468 to −256 mg/L; P< .001) compared 
with participants with insufficient postoperative physical activity 
(Supplementary Table 5, available online).

During a median follow-up of 6.0 years, 301 participants expe
rienced disease recurrence or death; the 3-year disease-free sur
vival rate for all patients was 83.7% (95% CI ¼ 79.5% to 87.3%). 
The 3-year disease-free survival rate was 88.4% among patients 
with low inflammation and sufficient physical activity and 84.9% 
with low inflammation and insufficient physical activity (abso
lute risk difference ¼ −3.5 percentage points, 95% CI ¼ −11.3 to 
4.3 percentage points; P¼ .38; HR ¼ 1.33, 95% CI ¼ 0.78 to 2.26; 
P¼ .29), 78.0% with intermediate inflammation and insufficient 
physical activity (absolute risk difference ¼ −10.4 percentage 
points, 95% CI ¼ −17.4 to −3.3 percentage points; P¼ .007; HR ¼
2.02, 95% CI ¼ 1.30 to 3.16; P¼ .002), and 79.7% with high inflam
mation and insufficient physical activity (absolute risk difference 
¼ −8.7 percentage points, 95% CI ¼ −15.7 to −1.6 percentage 
points; P¼ .022; HR ¼ 1.85, 95% CI ¼ 1.18 to 2.90; P¼ .008; Table 2,  
Figure 1). In contrast, the 3-year disease-free survival rate was 
87.3% among patients with intermediate inflammation and suffi
cient physical activity (absolute risk difference ¼ −1.1 percentage 
points, 95% CI ¼ −7.5 to 5.3 percentage points; P¼ .74; HR ¼ 1.11, 
95% CI ¼ 0.69 to 1.78; P¼ .67), and 84.4% with high inflammation 
and sufficient physical activity (absolute risk difference −4.0 per
centage points, 95% CI ¼ −12.3 to 4.3 percentage points; P¼ .34; 
HR ¼ 1.38, 95% CI ¼ 0.81 to 2.35; P¼ .23). Conclusions were com
parable for individual inflammatory biomarkers (Supplementary 
Table 6, available online).
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During follow-up, 185 participants experienced death from 
any cause; the 5-year overall survival rate was 89.4% (95% CI ¼
85.6% to 92.2%). The 5-year overall survival rate was 94.5% 
among patients with low inflammation and sufficient physical 
activity and 90.1% with low inflammation and insufficient physi
cal activity (absolute risk difference ¼ −4.4 percentage points, 
95% CI ¼ −10.6 to 1.8 percentage points; P¼ .15; HR ¼ 1.85, 95% 
CI ¼ 0.87 to 3.94; P¼ .11), 84.3% with intermediate inflammation 
and insufficient physical activity (absolute risk difference ¼
−10.2 percentage points, 95% CI ¼ −15.8 to −4.6 percentage 
points; P¼ .002; HR ¼ 3.03, 95% CI ¼ 1.58 to 5.81; P< .001), and 
89.0% with high inflammation and insufficient physical activity 
(absolute risk difference ¼ −5.5 percentage points, 95% CI ¼
−10.8 to −0.1 percentage points; P¼ .056; HR ¼ 2.08, 95% CI ¼
1.06 to 4.06; P¼ .030; Table 3). In contrast, the 5-year overall sur
vival rate was 91.4% among patients with intermediate inflam
mation and sufficient physical activity (absolute risk difference ¼
−3.1 percentage points, 95% CI ¼ −8.0 to 1.8 percentage points; 
P¼ .24; HR ¼ 1.61, 95% CI ¼ 0.81 to 3.19; P¼ .17), and 91.2% with 
high inflammation and sufficient physical activity (absolute risk 
difference ¼ −3.3 percentage points, 95% CI ¼ −9.6 to 3.0 percent
age points; P¼ .29; HR ¼ 1.64, 95% CI ¼ 0.77 to 3.51; P¼ .20). 
Conclusions were comparable for individual inflammatory bio
markers (Supplementary Table 7, available online).

Discussion
In this nested cohort study of 1179 patients with stage III colon 
cancer enrolled in a randomized multicenter trial of postopera
tive treatments, physical activity was associated with improved 
disease-free survival despite the presence of high inflammation. 
Compared with patients with low inflammation and sufficient 
physical activity, disease-free survival was not statistically signif
icantly different in patients with intermediate inflammation and 
sufficient physical activity (88.4% vs 87.3% were alive and disease 
free at 3 years, an absolute difference of 1.1 percentage points) or 
high inflammation and sufficient physical activity (88.4% vs 
84.4% were alive and disease free at 3 years, an absolute differ
ence of 4.0 percentage points). In contrast, disease-free survival 
was statistically significantly lower in patients with intermediate 
inflammation and insufficient physical activity (88.4% vs 78.0% 
were alive and disease free at 3 years, an absolute difference of 
11.3 percentage points) or high inflammation and insufficient 
physical activity (88.4% vs 79.7% were alive and disease free at 
3 years, an absolute difference of 8.7 percentage points).

The results of this analysis support 4 noteworthy conclusions. 
First, the degree of inflammation after recovery from tumor 
resection is associated with shorter disease-free survival. 
Patients with intermediate or high inflammation and insufficient 
physical activity had a relative risk of disease recurrence or death 
that was approximately twofold higher than patients with low 
inflammation and sufficient physical activity. This finding is con
sistent with prior reports that high inflammation after surgical 
tumor resection is associated with shorter disease-free survival 
(3). Our analysis expands the evidence base on the negative prog
nostic effects of inflammation by demonstrating that both inter
mediate and high inflammation increase the risk of disease 
recurrence or death.

Second, patients with intermediate or high inflammation and 
sufficient physical activity had disease-free survival rates that 
were not statistically significantly different from patients with 
low inflammation and sufficient physical activity. Sufficient 

Table 1. Baseline patient characteristics

Characteristics Overall (n¼1179)

Demographic factors
Age, mean (SD), y 60.8 (10.5)
Sex, No. (%)

Male 658 (55.8)
Female 521 (44.2)

Race, No. (%)
Asian 34 (2.9)
Black or African American 131 (11.1)
Hispanic or Latino, No. (%) 65 (5.5)
Others or not reported 41 (3.5)
White 973 (82.5)

Clinical factors
Extent of invasion through the bowel wall,  

No. (%)a

T1 or T2 230 (19.6)
T3 775 (66.1)
T4 167 (14.3)
Missing 7

Nodal stage, No. (%)b

N1 871 (73.9)
N2 308 (26.1)

Risk group, No. (%)
Low (T1, T2, or T3, N1) 753 (64.2)
High (T4, N2, or both) 419 (35.8)
Missing 7

Tumor location, No. (%)
Left 576 (49.3)
Right 588 (50.3)
Multiple 5 (0.4)
Missing 10

Eastern Cooperative Oncology Group 
performance status, No. (%)c

0 852 (72.3)
1-2 327 (27.7)

Low dose aspirin use, No. (%) 277 (23.5)
Behavioral factorsd

Body mass index, mean (SD), kg/m2 28.4 (6.8)
Smoking history, No. (%)

Never 586 (49.7)
Former 490 (41.6)
Current 91 (7.7)
Not reported 12 (1.0)

Western dietary pattern score, median (IQR) −0.21 (−0.64-0.42)
Prudent dietary pattern score, median (IQR) −0.07 (−0.56-0.41)
Physical activity, mean (SD), metabolic  

equivalent h/wk,
15.6 (23.5)

Randomization groups
Chemotherapy, No. (%)

3 mo 603 (51.1)
6 mo 576 (48.9)

Pharmacotherapy, No. (%)
Celecoxib 598 (50.7)
Placebo 581 (49.3)

Inflammatory biomarker concentrations
High-sensitivity C-reactive protein, median   

(IQR), mg/L
2.6 (1.2-5.7)

≥3.0 mg/L, No. (%) 524 (44.4)
Interleukin 6, median (IQR), pg/mL, 3.7 (2.3-6.2)
Soluble tumor necrosis factor-α receptor 2, 
median (IQR) , pg/L

2870 (2338-3603)

a T1 indicates tumor has grown into the submucosa; T2, growth into the 
muscularis propria; T3, growth through the muscularis propria and into the 
subserosa; T4, growth into the surface of the visceral peritoneum or into or 
has attached to other organs or structures. IQR ¼ interquartile range.

b N1 indicates 1-3 lymph nodes tested positive for cancer (or for this table, 
N1c: tumor deposit(s) in the subserosa, mesentery, or nonperitonealized 
pericolic or perirectal tissues without regional lymph node metastases); N2, 4 
or more lymph nodes tested positive for cancer.

c Performance status: 0 indicates fully active; 1, restricted in physically 
strenuous activity but ambulatory and able to carry out light work; and 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.

d Body mass index, Western dietary pattern, prudent dietary pattern, and 
physical activity were calculated using the cumulative average method.
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physical activity was defined as the energy expenditure equiva
lent of 150 minutes per week of moderate-intensity (eg, brisk 
walking) or 75 minutes per week of vigorous-intensity (eg, jog
ging) activity (22). In our analysis, approximately 10 patients with 
intermediate and high inflammation would need to be treated 
with physical activity to prevent 1 disease recurrence or death. 
This finding expands on prior observational studies that physical 
activity is associated with improved disease-free survival (6,7) 
and reinforces the clinical relevance of randomized studies in 
cancer survivors that report physical activity reduces hs-CRP by 
30.2% and IL-6 by 30.9% compared with non-exercise control (9).

Third, patients with low inflammation and insufficient physi
cal activity did not have statistically significantly worse disease- 
free survival than patients with low inflammation and sufficient 
physical activity. Although sufficient physical activity may con
fer a smaller disease-free survival benefit among patients with 
low inflammation, physical activity remains relevant in this pop
ulation as it may improve chemotherapy relative dose intensity 
(7), decrease oxaliplatin-induced peripheral neuropathy severity 
(23), and improve quality of life (24).

Fourth, plasma inflammatory burden can be estimated with 
clinical assays and may be a useful method to identify patients 
likely to derive a disease-free survival benefit from physical 

activity. Before this study, identifying patient subgroups likely to 
benefit from physical activity was limited to molecular tumor 
features, including P21 or P27 expression (25), nuclear CTNNB1- 

(26), PTGS2 (COX-2)þ (27), and IRS1 low or negative status (28). 
Knowledge of inflammatory burden may motivate behavior 
change in patients and clarify the purpose of physical activity for 
patients and physicians (29). Inflammatory burden may be valua
ble as a predictive biomarker to enrich the study population of 
future randomized trials investigating the effects of physical 
activity in cancer survivors (30).

There are several limitations of this study. Because of the non
randomized design, we cannot rule out the possibility of residual 
confounding. The generalizability of our findings requires consid
eration, as patients who participate in research differ from the 
underlying population. All participants were offered the opportu
nity to consent to participate in several nested correlative science 
studies, however, enrolled participants were more likely to be 
White, non-Hispanic, and to use aspirin. Although the inflamma
tory burden was limited to 3 biomarkers, these measures have 
been associated with prognosis in patients with colon cancer and 
represent distinct inflammatory signaling pathways (eg, JAK- 
STAT and NF-kB) and overall systemic inflammation. Although 
the physical activity questionnaire is valid and reproducible, the 

Table 2. Association of disease-free survival endpoint with inflammatory burden and physical activity status

Inflammatory burden and  
physical activity status

3-y disease-free  
survival rate (95% CI)a,b

3-y risk difference  
(95% CI)a,c Pc

Hazard ratio  
(95% CI)a P

Low inflammation
Sufficient physical activity 88.4 (82.3 to 92.3) 0.0 (Referent) — 1.00 (Referent) —
Insufficient physical activity 84.9 (77.2 to 89.9) −3.5 (−11.3 to 4.3) .38 1.33 (0.78 to 2.26) .29

Intermediate inflammation
Sufficient physical activity 87.3 (82.5 to 90.8) −1.1 (−7.5 to 5.3) .74 1.11 (0.69 to 1.78) .67
Insufficient physical activity 78.0 (71.1 to 83.3) −10.4 (−17.4 to −3.3) .007 2.02 (1.30 to 3.16) .002

High inflammation
Sufficient physical activity 84.4 (77.0 to 89.5) −4.0 (−12.3 to 4.3) .34 1.38 (0.81 to 2.35) .23
Insufficient physical activity 79.7 (72.7 to 85.1) −8.7 (−15.7 to −1.6) .022 1.85 (1.18 to 2.90) .008

a Adjusted for sex, extent of invasion through the bowel wall, nodal stage, prudent dietary pattern (time varying), chemotherapy random assignment, and 
pharmacotherapy random assignment. Continuous covariates were modeled linearly, and categorical covariates were modeled using the categories presented in  
Table 1. CI ¼ confidence interval.

b Covariates for predicting disease-free survival rates were set to the mean of the study population for continuous variables and most common category for 
categorical variables.

c 95% confidence intervals and P values were calculated via test of proportions.

3-y DFS Rate, % (95% CI)    RD, % (95% CI) P

Low inflammation

—0.0 (Referent)88.4 (82.2 to 92.3)evitcayllacisyhP

.38–3.5 (–11.3 to 4.3)84.9 (77.2 to 89.9)evitcaniyllacisyhP

Intermediate inflammation

.74–1.1 (–7.5 to 5.3)87.3 (82.5 to 90.8)evitcayllacisyhP

.007–10.4 (–17.4 to –3.3)78.0 (71.1 to 83.3)evitcaniyllacisyhP

High inflammation

.34–4.0 (–12.3 to 4.3)84.4 (77.0 to 89.5)evitcayllacisyhP

.022–8.7 (–15.7 to –1.6)79.7 (72.7 to 85.1)evitcaniyllacisyhP

-20.0 -15.0 -10.0 -5.0 0.0 5.0 10.0
Risk difference (95% CI)

Lower risk of 
recurrence or death

Higher risk of 
recurrence or death

Figure 1. Association of disease-free survival endpoint with inflammatory burden and physical activity status. CI ¼ confidence interval; DFS ¼ disease- 
free survival; RD ¼ absolute risk difference.
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assessment was self-reported and restricted to specific recrea
tional physical activities. Moreover, we did not assess physical 
activity before cancer diagnosis or surgery. However, the physical 
activity assessment was completed before knowledge of disease 
recurrence, reducing the likelihood of bias. Physical activity was 
not associated with pharmacotherapy random assignment (eg, 
celecoxib or placebo).

There are several strengths of this study. Conducting this 
nested cohort study within a randomized multicenter trial offers 
several advantages over other data sources. Because of enroll
ment in the trial, patients included in this analysis had baseline 
blood samples collected in a limited time frame after surgery. 
The treatment, follow-up care, and endpoint ascertainment were 
standardized in this trial. The prospective design permitted com
prehensive ascertainment of confounding variables for multi
variable modeling.

In this observational study of stage III colon cancer patients, 
physical activity was associated with improved disease-free sur
vival despite the presence of high inflammation. Patients with 
intermediate or high inflammation who were physically active 
had disease-free survival rates that were not statistically signifi
cantly different from those with low inflammation. These find
ings support the mechanistic hypothesis that physical activity 
might normalize the host microenvironment possibly by inter
rupting the cross talk between inflammation and metastatic pro
gression.
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Inflammatory burden and  
physical activity status

5-y overall survival rate  
(95% CI)a,b

5-y risk difference  
(95% CI)a,c Pc

Hazard ratio  
(95% CI)a P

Low inflammation
Sufficient physical activity 94.5 (89.6 to 97.0) 0.0 (Referent) — 1.00 (Referent) —
Insufficient physical activity 90.1 (83.7 to 94.1) −4.4 (−10.6 to 1.8) .15 1.85 (0.87 to 3.94) .11

Intermediate inflammation
Sufficient physical activity 91.4 (87.4 to 94.2) −3.1 (−8.0 to 1.8) .24 1.61 (0.81 to 3.19) .17
Insufficient physical activity 84.3 (77.9 to 89.2) −10.2 (−15.8 to −4.6) .002 3.03 (1.58 to 5.81) <.001

High inflammation
Sufficient physical activity 91.2 (85.0 to 94.7) −3.3 (−9.6 to 3.0) .29 1.64 (0.77 to 3.51) .20
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a Adjusted for sex, extent of invasion through the bowel wall, nodal stage, prudent dietary pattern (time varying), chemotherapy random assignment, and 
pharmacotherapy random assignment. Continuous covariates were modeled linearly, and categorical covariates were modeled using the categories presented in  
Table 1. CI ¼ confidence interval.

b Covariates for predicting disease-free survival rates were set to the mean of the study population for continuous variables and most common category for 
categorical variables.

c 95% confidence intervals and P values were calculated via test of proportions.
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