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Background: Physical activity after surgical resection for colon cancer is

associated with significantly longer disease-free survival. Inflammation is

hypothesized to mediate the association between physical activity and

disease-free survival in colon cancer.

Methods: In this exploratory analysis of a randomized dose-response trial, 39

colon cancer survivors who completed standard therapy were stratified by

cancer stage and randomized in a 1:1:1 ratio to one of three treatment groups

for 24 weeks of usual-care control, 150 min/wk of moderate-intensity aerobic

exercise (low-dose), or 300 min/wk of moderate-intensity aerobic exercise

(high-dose). Inflammation outcomes included high-sensitivity C-reactive

protein (hs-CRP), interleukin-6 (IL6), and soluble tumor necrosis factor-alpha

receptor 2 (sTNFaR2). Mixedmodels for repeatedmeasures were used to test the

hypothesis that exercise was associated with dose-response reductions in

inflammation; exploratory analyses examined treatment effects by cancer stage.

Results: In the overall population, aerobic exercise was not associated with

dose-response reductions in hs-CRP, IL6, or sTNFaR2. Cancer stage modified

the association between randomized group and hs-CRP (P=0.022) and IL6

(P<0.001) but not sTNFaR2 (P=0.39). In stage I-II disease, compared to

control, exercise was not associated with inflammation outcomes. In stage III

disease, compared to control, low-dose exercise reduced hs-CRP: −35.4% (95%

CI: −70.1, −0.7) and IL6: −29.6% (95%CI: −58.4, −0.8) but not sTNFaR2: 2.7% (95%

CI: sTNFaR2: −15.7, 21.1); high-dose exercise was not associated with

inflammation outcomes in stage III disease.

Conclusion: This exploratory analysis offers preliminary data to support the

hypothesis that inflammation may mediate the association between physical

activity and disease-free survival in colon cancer.

Clinical trial registration: clinicaltrials.gov, identifier NCT02250053.
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1 Introduction

Physical activity after surgical resection for colon cancer is

associated with a significantly longer disease-free survival (1, 2),

by reducing the risk of disease recurrence in a subset of patients (3).

The association between physical activity and disease-free survival

is independent of known prognostic factors and occurs in a dose-

response fashion, such that larger volumes of physical activity are

associated with a higher probability of remaining alive and cancer-

free (4). The biological mechanisms by which physical activity is

associated with improved disease-free survival remain incompletely

understood, but inflammation is postulated as a key mediator (5).

Inflammation activates the JAK-STAT and NF-kB signaling

pathways to promote cancer cell proliferation, migration, and

invasion (6). Inflammation that persists after recovery from

colonic tumor resection is independently associated with shorter

disease-free survival (7–9). In animal models, experimental

manipulation of inflammatory pathways regulates the growth and

progression of colonic tumors (10). However, data from clinical

trials in colon cancer survivors are limited (11), and the effects of

different exercise doses on inflammation outcomes are unknown.

We conducted an exploratory analysis to examine the effects of

distinct doses of aerobic exercise using data from a trial that

randomized colon cancer survivors to one of three groups for 24

weeks: usual-care control, 150 min/wk of moderate-intensity

aerobic exercise (low-dose), or 300 min/wk of moderate-intensity

aerobic exercise (high-dose) (12). We hypothesized that exercise

would reduce inflammation in a dose-response fashion.

Inflammation may correlate with colon cancer disease stage (13).

Therefore, we examined if subjects with higher-stage colon cancer

derive a larger anti-inflammatory benefit from exercise.
2 Methods

2.1 Study design

This study was a 24-week, phase II, single-center, randomized,

dose-response trial. The study followed Good Clinical Practice and

the ethical principles in the Declaration of Helsinki. The

Institutional Review Board approved the trial protocol and

informed consent document. All subjects provided informed

consent and approval from their physician before completing any

study activities. The study was registered on clinicaltrials.gov as

NCT02250053, and detailed study methods are published (12). The

prespecified primary and secondary outcomes are published (14–

18). The inflammation outcomes reported here were not

prespecified and were conducted for exploratory purposes to

inform the design of future studies.
2.2 Subjects

Subjects were eligible if they were diagnosed with histologically-

proven stage I-III colon cancer, underwent surgical tumor resection,

completed postoperative chemotherapy within 36 months of
Frontiers in Oncology 02
entering the study (if applicable), self-reported <150 min/wk of

moderate- to vigorous-intensity physical activity (19), were age ≥18

years, provided written physician approval, had no additional

surgery planned within the 24 week intervention period, and

could walk unassisted for six minutes.
2.3 Randomization and blinding

Subjects were stratified by cancer stage (I vs. II vs. III) and

randomized to one of three groups: usual-care control, 150 min/wk

of moderate-intensity aerobic exercise (low-dose), or 300 min/wk of

moderate-intensity aerobic exercise (high-dose). Subjects were not

blinded to treatment assignment. Outcome measures were obtained

by assessors blinded to treatment assignment.
2.4 Intervention

Subjects randomized to the low-dose or high-dose exercise

groups utilized a study-provided in-home treadmill and heart rate

monitor. The exercise intensity was prescribed at 50−70% of the

age-predicted maximum heart rate. The low-dose and high-dose

target exercise volume was 150 and 300 min/wk, respectively.

Subjects were encouraged to individualize their frequency (days

per week), fractionation (sessions per day), and duration (minutes

per session) of exercise according to a schedule that promoted a

high level of adherence to the prescribed exercise volume (17).

Subjects randomized to the usual-care control group maintained

their pre-study physical activity levels.
2.5 Measurements

Demographic characteristics, including age, sex, and race, were

self-reported. Cancer stage was obtained from the cancer registry,

pathology reports, and physician records. At baseline and week 24,

subjects underwent a fasting blood draw. Blood draws were

performed after a minimum eight-hour fast and abstinence from

alcohol consumption for 24 hours. A total of 30 mL of plasma was

centrifuged, aliquoted, and stored at −80°C following standardized

procedures. Circulating tumor cells were measured as previously

described (15).
2.6 Inflammatory outcomes

Inflammation measures included high-sensitivity C-reactive

protein (hs-CRP), interleukin 6 (IL6), and soluble tumor necrosis

factor-alpha receptor 2 (sTNFaR2). These inflammatory measures

are associated with disease-free survival in colon cancer survivors

(20–22). hs-CRP was measured as a marker of overall systemic

inflammation (23). IL6 was measured as an activator of the JAK-

STAT pathway (24). sTNFaR2 was measured as an activator of the

NF-kB pathway (25). sTNFaR2 is a surrogate marker for TNFa that

is more stable in plasma and less sensitive to diurnal variation (26).
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hs-CRP was quantified using an immunoturbidimetric assay (Roche

Diagnostics). IL6 and sTNFaR2 were quantified using ultrasensitive
sandwich enzyme immunoassays (R&D Systems). Baseline and

week 24 samples were assayed simultaneously and in duplicate at

the end of the study. Blinded quality-control samples were

interspersed among cases. The median [interquartile range] time

from biospecimen collection to laboratory analysis was 3.7 years

[3.4, 3.8], and all samples were never previously thawed (27). The

coefficients of variation for all samples were ≤8% (11).
2.7 Statistical analyses

Descriptive statistics for baseline variables include counts and

proportions for categorical variables and means and standard

deviations for continuous variables. Dependent variables were

log-transformed in the inferential analysis to improve the

distributional normality (28). The change was evaluated from

baseline to follow-up in the three groups using mixed models for

repeated measures. This modeling technique includes all data and

accounts for the correlation between measures. Treatment effects

were calculated as the treatment effect ratio, which quantifies the

percent change in geometric means from baseline to week 24 (e.g., a

treatment effect ratio of 0.75 indicates a 25% reduction), with 95%

confidence intervals (CI). The regression models included the

baseline value of the dependent variable and cancer stage

(randomization stratification factor) as covariates to improve the

precision of effect size estimation (29). Group-by-time interaction

terms were included as fixed effects in the regression model. A test

of trends with linear and nonlinear (quadratic) contrasts evaluated

the presence of a dose-response relationship across randomized

groups. Effect modification by cancer stage was evaluated by

including a three-way interaction among cancer stage,
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randomized group, and time in the mixed models for

repeated measures.

At randomization, cancer stage was a three-level variable (I vs.

II vs.. III). However, for this analysis, subjects with stage I and II

disease were combined (n=19) to provide a numeric balance to the

number of subjects with stage III disease (n=20). The threshold for

statistical significance for interactions was prespecified at P<0.10,

because of known limitations in statistical power (30). Model fit was

assessed using graphical and numeric techniques. Stata 17.0

(College Station, TX, USA) was used for all statistical analyses,

and GraphPad Prism 9.4 (Boston, MA, USA) for data visualization.
3 Results

Subjects were recruited and randomized between January 2015

and August 2015, with data collection ending in February 2016. The

study completion rate was 97% (one subject was lost to follow-up;

Supplementary Figure 1). At baseline, the age ranged from 35 to 81

years, and subjects were most often female (62%), of white race

(79%), with stage III disease (51%), and treated with chemotherapy

(72%; Table 1).

At baseline, the mean (SD) hs-CRP was 2.53 (2.11) mg/L, IL6

was 2.07 (1.63) pg/mL, and sTNFaR2 was 2524 (840) pg/mL,

indicating low to moderate inflammation. From baseline to week

24, the low-dose and high-dose groups completed an average of 141

min/wk (93% adherence) and 247 min/wk (89% adherence) of

exercise, respectively. Exercise adherence ranged from 17−100%

and 21−100% in the low-dose and high-dose groups, respectively.

The low-dose and high-dose exercise groups averaged 3.5 and 4.3

days of exercise each week and 41.6 and 59.1 minutes per session,

respectively. Detailed adherence trajectories have been

reported (17).
TABLE 1 Baseline subject characteristics overall and by randomized group.

Characteristic
Overall
(n=39)

Control
(n=13)

Low-Dose
(n=14)

High-Dose
(n=12)

Age, years 56.5 ± 10.0 57.9 ± 9.7 58.2 ± 9.8 53.1 ± 10.5

Sex, %

Male 15 (38%) 4 (31%) 7 (50%) 4 (33%)

Female 24 (62%) 9 (69%) 7 (50%) 8 (67%)

Race, %

White 31 (79%) 8 (62%) 12 (86%) 11 (92%)

Nonwhite 8 (21%) 5 (38%) 2 (14%) 1 (8%)

Cancer Stage, %

I/II 19 (49%) 6 (46%) 7 (50%) 6 (50%)

III 20 (51%) 7 (54%) 7 (50%) 6 (50%)

Chemotherapy, %

Yes 28 (72%) 10 (77%) 10 (71%) 8 (67%)

No 11 (28%) 3 (23%) 4 (29%) 4 (33%)
Data are mean ± standard deviation or n (%).
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In the overall intention-to-treat population, randomization to

higher doses of aerobic exercise was not associated with dose-

response reductions in hs-CRP (linear P=0.74; nonlinear P=0.41),

IL6 (linear P=0.11; nonlinear P=0.77), or sTNFaR2 [(linear P=0.66;
nonlinear P=0.75); Table 2].

At study enrollment, subjects with stage I or II colon cancer had

completed cancer-directed treatments a mean of 12.0 (5.6) months

previously, and subjects with stage III colon cancer completed

cancer-directed treatments a mean of 9.0 (6.1) months previously

[D: −2.9 months (95% CI: −5.6, −0.3)]. Subjects with stage I and II

colon cancer did not have different concentrations of hs-CRP

(P=0.26), IL6 (P=0.74), or sTNFaR2 (P=0.44). Cancer stage

modified the association between randomized group and hs-CRP

(Pinteraction=0.022) and IL6 (Pinteraction<0.001) but not sTNFaR2
(Pinteraction=0.39). Exercise adherence did not differ between

subjects with stage I or II versus stage III colon cancer (P=0.17).

Compared to control, randomization to low-dose or high-dose

aerobic exercise was not associated with inflammation outcomes in

subjects with stage I or II colon cancer (Table 3). Conversely, compared

to control, randomization to low-dose aerobic exercise statistically

significantly reduced hs-CRP: −35.4% (95% CI: −70.1, −0.7) and IL6:

−29.6% (95% CI: −58.4, −0.8), but not sTNFaR2: 2.7% (95% CI: −15.7,

21.1) in subjects with stage III cancer, whereas randomization to high-

dose aerobic exercise was not associated with a reduction in any

inflammation outcome in subjects with stage III colon cancer.

Correlational analyses of inflammation outcomes at baseline

and change from baseline to week 24 with previously reported

variables are presented for hypothesis generation (Figure 1).

Notably, baseline hs-CRP correlated with circulating tumor cells

(r=0.43; 95% CI: 0.07, 0.68), and the change from baseline to week

24 in sTNFaR2 correlated with the change in circulating tumor cells

(r=−0.44; 95% CI: −0.72, −0.04).

4 Discussion

In this exploratory analysis of insufficiently physically active

colon cancer survivors with low to moderate inflammation at
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baseline, randomization to 150 min/wk of moderate-intensity

aerobic exercise for 24 weeks reduced concentrations of hs-CRP

and IL6 in those with stage III disease. Randomization to 300 min/

wk of moderate-intensity aerobic exercise was not associated with

any inflammation-lowering effect, nor was either dose of aerobic

exercise assigned to those with stage I or II colon cancer. In

correlational analyses, inflammation was associated with

circulating tumor cell burden at baseline and during follow-up.

One mechanism by which physical activity is hypothesized to

exert anticancer effects is by reducing inflammation within the host

microenvironment (5). Our results demonstrate that 24 weeks of

150 min/wk of moderate-intensity aerobic exercise reduce hs-CRP

and IL6 by 35.4% and 29.6% among stage III colon cancer survivors.

In a prospective cohort study of 1,494 stage III colon cancer

survivors, elevated hs-CRP and IL6 were associated with a 65%

and 52% higher relative risk of disease recurrence or death,

respectively (9). Our findings are consistent with the hypothesis

that inflammation is a key mediator of the association between

physical activity and disease-free survival in colon cancer survivors.

Moreover, our results enhance the clinical relevance of experiments

in tumor-bearing preclinical models that conclude inflammatory

pathway blockade slows cancer cell growth and delays tumor

progression (31, 32).

The results of the current analysis complement a prior trial that

was conducted as part of the National Cancer Institutes (NCI)

Transdisciplinary Research on Energetics and Cancer (TREC)

Consortium (33). This prior trial used a 2×2 factorial design to

evaluate the effect of 12 weeks of exercise or metformin on

inflammation in 139 breast and colorectal cancer patients (11).

Compared with control, randomization to 220 min/wk of

moderate-intensity aerobic exercise statistically significantly

reduced hs-CRP: −30.2% (95% CI, −50.3, −1.0) and IL6: −30.9%

(95% CI, −47.3, −9.5); but did not significantly change sTNFaR2:
1.0% (95% CI, −10.4, 13.9) (11). Our results are compatible

regarding the specificity of inflammatory biomarker response

(e.g., hs-CRP and IL6 were lowered with exercise but not

sTNFaR2) and the magnitude of biomarker response (e.g.,
TABLE 2 Change in inflammation outcomes by randomized group.

Inflammation
outcome

Randomized
group

Baseline geo-
metric mean

(SD)

Geometric
mean change

(SE)

Intervention main effect,
treatment ratio (95% CI)

Percent difference
between groups (95%

CI)

hs-CRP, mg/L Control 0.07 (1.26) 0.10 (0.14) 1.00 (Reference) 0.00 (Reference)

Low-Dose 0.60 (1.23) −0.01 (0.13) 0.90 (0.56, 1.25) −9.8 (−44.0, 24.5)

High-Dose 0.58 (1.10) 0.16 (0.14) 1.07 (0.65, 1.49) 6.8 (−35.2, 48.9)

IL6, pg/mL Control 0.60 (0.60) −0.23 (0.13) 1.00 (Reference) 0.00 (Reference)

Low-Dose 0.41 (0.65) −0.04 (0.11) 1.21 (0.80, 1.62) 20.7 (−20.3, 61.7)

High-Dose 0.52 (0.75) 0.06 (0.12) 1.34 (0.87, 1.81) 33.6 (−13.4, 80.7)

sTNFaR2, pg/mL Control 7.65 (0.29) −0.06 (0.04) 1.00 (Reference) 0.00 (Reference)

Low-Dose 7.89 (0.27) −0.03 (0.04) 1.03 (0.91, 1.15) 3.1 (−9.2, 15.4)

High-Dose 7.79 (0.38) −0.03 (0.04) 1.03 (0.90, 1.16) 2.8 (−9.9, 15.5)
SD, standard deviation; LS Mean, least squares mean; SE, standard error; CI, confidence interval. Models are adjusted for cancer stage (randomization stratification factor) and baseline value of
the dependent variable.
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−35.4% vs.. 30.2% for hs-CRP and −29.6% vs.. −30.9 for IL6). The

absence of a statistically significant dose-response effect in the

current analysis may indicate that the optimal dose of moderate-

intensity aerobic exercise to reduce the studied inflammatory

biomarkers in colon cancer survivors is between 150 and 220

min/wk.

The current analysis results complement what is known in

healthy subjects without a history of cancer. In the Alberta Physical

Activity and Breast Cancer Prevention (ALPHA) Trial, 320

postmenopausal women were randomized to 52 weeks of aerobic

exercise or a usual care control group. Compared to control,

randomization to 225 min/wk of moderate- to vigorous-intensity

aerobic exercise statistically significantly reduced hs-CRP: −13%

(95% CI: −21, −4), but did not significantly change IL6: −1% (95%

CI: −8, 7) or TNFa: 0% (95% CI: −3, 4) (34). The Breast Cancer and

Exercise Trial in Alberta (BETA) randomized 400 postmenopausal

women to 52 weeks of 150 min/wk or 300 min/wk of aerobic

exercise. Compared to 150 min/wk, randomization to 300 min/wk

of moderate- to vigorous-intensity aerobic exercise, did not

significantly change hs-CRP, IL6, or TNFa (35). The effects of

exercise on inflammation in subjects without cancer has been

summarized in a meta-analysis (36). These data in subjects

without cancer are comparable to those in cancer survivors, such
Frontiers in Oncology 05
that the dose-response curve between exercise volume and change

in inflammatory outcomes is not linear.

Our hypothesis that patients with higher-stage colon cancer

derive a larger anti-inflammatory benefit from exercise was

supported. Although our hypothesis was supported, subjects with

stage III disease did not have more inflammation than subjects with

stage I-II disease. This contrasts with prior reports that

inflammation correlates with colon cancer disease stage (13).

Aside from the extent of invasion through the bowel wall (T-

stage) and lymph node metastases (N-stage), which are used to

determine the American Joint Committee on Cancer (AJCC)

overall cancer stage (37), the only baseline factor that differed

between stage I-II versus stage III colon cancer survivors was the

receipt of chemotherapy. However, chemotherapy per se did not

modify the association between randomized groups and

inflammatory outcomes. Other factors measured after

randomization, such as exercise adherence, did not differ between

subjects with stage I-II versus stage III disease. The biological

explanation of why cancer stage modifies the association between

randomized groups and inflammatory outcomes, therefore, remains

uncertain. This observation will be prospectively interrogated in an

ongoing randomized trial of exercise in colorectal cancer survivors

(e.g., NCT03975491).
TABLE 3 Change in inflammation outcomes by cancer stage subgroup and randomized group.

Inflammation
outcome

Cancer
stage

subgroup
Randomized

group

Baseline
geometric
mean (SD)

Geometric
mean
change
(SE)

Intervention
main effect,

treatment ratio
(95% CI)

Percent dif-
ference
between

groups (95%
CI)

P cancer
stage-by-
group-by-

time
interaction

hs-CRP, mg/L Stage I-II Control 1.00 (0.29) 0.11 (0.15) 1.00 (Reference) 0.00 (Reference)

0.022

Low-Dose 0.35 (1.49) 0.37 (0.11)* 1.30 (0.82, 1.78) 29.6 (−18.4, 77.06)

High-Dose 1.14 (0.85) 0.33 (0.12)* 1.24 (0.77, 1.71) 24.0 (−23.3, 71.3)

Stage III Control −0.60 (1.27) 0.05 (0.19) 1.00 (Reference) 0.00 (Reference)

Low-Dose 0.84 (0.96) −0.38 (0.19)* 0.65 (0.30, 0.99) −35.4 (−70.1, −0.7)

High-Dose 0.01 (1.08) −0.01 (0.21) 0.95 (0.42, 1.48) −5.3 (−58.2, 47.6)

IL6, pg/mL Stage I-II Control 0.97 (0.48) −0.49 (0.15)* 1.00 (Reference) 0.00 (Reference)

<0.001

Low-Dose 0.29 (0.52) 0.35 (0.11)* 2.33 (1.47, 3.18) 132.6 (47.2, 218.1)

High-Dose 0.74 (0.84) 0.14 (0.12) 1.89 (1.17, 2.60) 88.9 (17.3, 160.4)

Stage III Control 0.33 (0.56) −0.08 (0.15) 1.00 (Reference) 0.00 (Reference)

Low-Dose 0.53 (0.78) −0.43 (0.15)* 0.70 (0.42, 0.99) −29.6 (−58.4, −0.8)

High-Dose 0.30 (0.66) −0.02 (0.16) 1.06 (0.61, 1.52) 6.4 (−38.9, 51.7)

sTNFaR2, pg/mL Stage I-II Control 7.64 (0.22) 0.02 (0.05) 1.00 (Reference) 0.00 (Reference)

0.39

Low-Dose 7.85 (0.29) 0.02 (0.04) 1.00 (0.86, 1.14) 0.0 (−13.6, 13.7)

High-Dose 7.65 (0.27) −0.01 (0.05) 0.97 (0.83, 1.10) −3.3 (−16.9, 10.4)

Control 7.65 0.35) −0.11 (0.06) 1.00 (Reference) 0.00 (Reference)

Stage III Low-Dose 7.96 (0.27) −0.08 (0.06) 1.03 (0.84, 1.21) 2.7 (−15.7, 21.1)

High-Dose 7.93 (0.43) −0.05 (0.07) 1.06 (0.86, 1.25) 5.6 (−14.1, 25.3)
SD, standard deviation; LS Mean, least squares mean; SE, standard error; CI, confidence interval. Models are adjusted for the baseline value of the dependent variable.
"*" P<0.05 (within group).
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We previously reported that exercise lowers circulating tumor

cells using this dataset. Over 24 weeks, statistically significant

decreases in circulating tumor cells were observed in the low- and

high-dose exercise groups, whereas no significant change was

observed in the control group (15). Anthropometric measures,

such as visceral fat, and metabolic measures, such as fasting

insulin, were biological mediators of the association between

exercise and reductions in circulating tumor cells (15). The

current analysis suggests inflammation is a potential biological

mediator of the association between exercise and reductions in

circulating tumor cells. In a cross-sectional study of women with

metastatic breast cancer, circulating tumor cells positively

correlated with CRP (r=0.22; P=0.02) and IL6 (r=0.25; P=0.01)

(38). Changes in circulating tumor cells after surgery and

chemotherapy are prognostic of disease-free survival in colorectal

cancer survivors (39, 40). Results from an ongoing randomized

clinical trial (e.g., NCT03975491) will clarify the interplay of

inflammation with circulating tumor cells and circulating tumor

DNA to offer unique insight into mechanisms of treatment benefit

in colorectal cancer survivors.

There are several limitations to this analysis. The primary

limitation is that inflammatory outcomes were not prespecified in

the study protocol; consequently, the results of this analysis are

hypothesis-generating. The small sample size may have limited our

ability to detect small but potentially clinically meaningful effects of

exercise on inflammatory outcomes. The sample sizes were very

small in the analysis stratified by cancer stage, resulting in

uncertainty in the point estimates. The study duration was 24

weeks, which limits our ability to understand the benefits of

exercise on inflammatory outcomes acutely and over longer time

horizons. Study subjects were not enrolled based on having high

inflammation at baseline, which limits our understanding of the
Frontiers in Oncology 06
effects of exercise in those with acute or chronic inflammation. We

examined two distinct volumes of moderate-intensity aerobic

exercise but not the effects of exercise intensity (e.g., light vs.

moderate vs. vigorous) or exercise modality (e.g., weightlifting vs.

high-intensity interval training) on inflammation outcomes. We

examined three inflammation biomarkers associated with disease-

free survival in colon cancer survivors (20–22). However, we

acknowledge that inflammation can be quantified using many

other biomarkers.

There are several strengths to this analysis. The two

intervention groups, each prescribed a distinct dose of moderate-

intensity aerobic exercise, allowed us to examine how inflammation

outcomes change along the exercise dose curve. The aerobic exercise

program was flexible, emphasizing home-based exercise,

complemented with behavioral coaching from an exercise

physiologist. Providing home-based treadmills incentivized study

enrollment, as recruitment was completed ahead of schedule, and

promoted excellent adherence to the exercise prescription over 24

weeks. Exercise adherence was objectively quantified using heart-

rate monitors eliminating bias from self-report. Endpoint data

collection, including inflammation assays, was conducted by staff

blinded to the study group who adhered to standardized protocols

to enhance rigor and reproducibility. Endpoint data collection was

excellent (97% follow-up).

In one of the first randomized clinical trials evaluating two

doses of moderate-intensity aerobic exercise in colon cancer

survivors, this study suggests that 150 min/wk of moderate-

intensity aerobic exercise may lower inflammation in select colon

cancer survivors. The findings from this exploratory analysis are

useful to inform the design of future studies that aim to identify the

biological mediators of the relationship between physical activity

and disease-free survival in colon cancer survivors.
A B

FIGURE 1

Correlational analyses of inflammation outcomes at baseline (A) and change from baseline to week 24 (B) with previously reported variables are
presented for hypothesis generation hs-CRP, high sensitivity C-reactive protein; IL6, interleukin 6; sTNFaR2, soluble tumor necrosis factor alpha
receptor 2; IGF-1, insulin-like growth factor 1; IGFBP-3, insulin-like growth factor binding protein 3; HOMA-IR, homeostatic model of insulin
resistance; sICAM-1, soluble intercellular adhesion molecule 1; sVCAM-1, soluble vascular adhesion molecule 1; CTCs, circulating tumor cells.
*P<0.05; **P<0.01; ***P<0.001.
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