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Abstract

Objective—To examine the dose-response effects of aerobic exercise on health-related quality of
life (HRQoL) among colon cancer survivors.

Methods—Thirty-nine stage I-111 colon cancer survivors were randomized to one of three
groups: usual-care control, 150 min-wk ! of aerobic exercise (low-dose), and 300 min-wk 2 of
aerobic exercise (high-dose) for six months. HRQoL outcomes included the Short Form (SF)-36
physical and mental component summary, Functional Assessment of Cancer Therapy-Colorectal
(FACT-C), Pittsburgh Sleep Quality Index (PSQI), Fear of Cancer Recurrence Inventory (FCRI),
Fatigue Symptom Inventory (FSI), and North Central Cancer Treatment Group bowel function
questionnaire, assessed at baseline and post intervention. The primary hypothesis was that exercise
would improve HRQoL outcomes in a dose-response fashion, such that high-dose aerobic exercise
would yield the largest improvements in HRQoL outcomes.

Results—Over six months, the low-dose group completed 141+10 min-wk ™ of aerobic exercise,
and the high-dose group completed 247+11 min-wk~1 of aerobic exercise. Over six months,
exercise improved the physical component summary score of the SF-36 (P;eng=0.002), the FACT-
C (Pyreng=0.025), the PSQI (Pireng=0.049), and the FSI (Pireng=0.045) in a dose-response fashion.
Between-group standardized mean difference effects sizes for the above-described findings were
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small to moderate in magnitude (0.35-0.75). No dose-response effects were observed for the
mental component summary score of the SF-36, the FCRI, or bowel function.

Conclusion—Higher doses of aerobic exercise, up to 300 min-wk~1, improve multiple HRQoL
outcomes among stage I-111 colon cancer survivors. These findings provide evidence that aerobic
exercise may provide multiple health benefits for colon cancer survivors.

Keywords

cancer; oncology; physical activity; physical function; survivorship; wellness; patient-reported
outcome

BACKGROUND

Approximately one million people are diagnosed with colon cancer each year worldwide (1).
As a result of earlier detection and more efficacious therapies, mortality from colon cancer
has decreased over the past 50 years (2). The long-term survival rate of colon cancer
survivors who remain in remission is similar to the general population (3). Despite
improvements in survival, colon cancer survivors often report impairments in multiple
dimensions of health-related quality of life (HRQoL) when compared to the general
population. These impairments include inferior physical and mental wellness, higher rates of
insomnia, persistent cancer-related fatigue, and impairments specific to colon cancer, such as
anxiety about disease recurrence and bowel dysfunction (4-9).

Among colon cancer survivors, physical activity volume declines during cancer therapy, and
often does not return to pre-diagnosis volumes after completing therapy (10, 11). This may
explain, in part, why up to 90% of colon cancer survivors do not engage in the
recommended minimum volume of 150 min-wk~1 of physical activity (12). Cross-sectional
studies demonstrate that larger volumes of physical activity are correlated with higher
physical and mental wellness, better sleep quality, lower fatigue, less worry about disease
recurrence, and better bowel function (13-17). Prospective cohort studies demonstrate that
increases in physical activity volume are correlated with improvements in HRQoL (18-21).
However, randomized trials have failed to demonstrate that exercise improves HRQoL
among colon cancer survivors (22). For example, 102 colon cancer survivors randomized to
a 16-week moderate-intensity aerobic exercise program did not significantly improve
HRQoL compared to a usual-care control group (23). In another study, 46 colon cancer
survivors randomized to a 12-week home-based aerobic walking program with behavioral
counseling did not improve HRQoL compared to a control group who received weekly
telephone contact (24). These randomized trials have prescribed volumes of exercise that
range from 60-150 min-wk ™1 (22). Larger volumes of exercise, such as 300 min-wk™1, are
associated with a lower risk of disease recurrence and premature mortality in colon cancer
survivors (25). It is plausible that a larger volume of exercise, such as 300 min-wk™1, may
also be necessary to promote improvements in HRQoL among colon cancer survivors (26).

The COURAGE trial was a randomized controlled trial with the primary aim to examine the
safety, feasibility, and biological efficacy of 150 and 300 min-wk~1 of aerobic exercise
versus usual-care control over six months among men and women with a history of stage I-
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I11 colon cancer (27). The primary and secondary biologic outcomes of the COURAGE trial
have been published (28-30). Patient-reported HRQoL outcomes were pre-specified as
secondary study outcomes. Our hypothesis was that exercise would improve HRQoL
outcomes in a dose-response fashion, such that high-dose aerobic exercise would yield the
largest improvements in HRQoL outcomes.

Study Design and Participants

The COURAGE trial was a single-center, phase Il, randomized, three-arm dose-response
exercise trial (27). Inclusion and exclusion criteria are presented in Table 1. Potentially-
eligible study participants were recruited through the Pennsylvania Cancer Registry. To
minimize anticipated concerns regarding travel burden into the city of Philadelphia from
surrounding suburbs, potentially-eligible participants were recruited from Philadelphia
County and four surrounding counties (Bucks, Montgomery, Chester, and Delaware). Using
an envelope with the University of Pennsylvania School of Medicine logo, potentially-
eligible participants were sent one letter via postal mail that included an invitation to
participate signed by the principal investigator, a one page flyer describing the study, the
name and contact information (email, telephone) of the study coordinator, and a brochure
describing the Pennsylvania Cancer Registry. All participants provided written informed
consent. This study was approved by the University of Pennsylvania Institutional Review
Board (protocol #820449) and registered on clinicaltrials.gov as NCT02250053.

Randomization and Masking

Using a computer-generated randomization algorithm (ralloc procedure in Stata),
participants were randomly allocated to one of three groups: usual-care control, low-dose
aerobic exercise (150 min-wk™1), or high-dose aerobic exercise (300 min-wk1).
Randomization was stratified on cancer stage (American Joint Committee on Cancer 7t
Edition: I vs1l vs1ll). Participants and exercise intervention staff were not masked to
treatment assignment.

Exercise Treatment Plan

Aerobic exercise was performed over six months using study-provided in-home treadmills
(LifeSpan Fitness, TR1200i, Salt Lake City, UT) (27). Participants were provided with a
heart rate monitor to objectively record heart rate during each exercise session. Using a
combination of in-person, telephone, and email communication, the exercise physiologist
provided ongoing behavioral and clinical support and monitored exercise adherence to the
study protocol throughout the duration of the study. Behavioral support was individualized
to each participant to include the benefits of exercise for colon cancer survivors, strategies to
integrate exercise into day-to-day activities, how to identify and overcome barriers to
exercise, recruiting friends and family members to provide support in reaching their exercise
goals, and how to set simple, measurable, attainable, realistic, and timely (SMART) goals to
promote exercise self-efficacy and compliance (27). Exercise intensity was prescribed at 50—
70% of the age-predicted maximum heart rate [equivalent to 3-6 METSs (31)] using heart
rate monitors. The low-dose and high-dose groups progressed towards of the goal of 150 or
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300 min-wk1 of exercise, respectively. Exercise adherence was calculated using the
completed number of minutes divided by the prescribed number of minutes, with a
maximum value of 100% (28).
Participants randomized into the usual-care control group were asked to maintain their pre-
study levels of physical activity and/or follow the recommendations provided by their
physician. After completing six month measures, control group participants were provided
with an in-home treadmill and individualized exercise program, like that of the two exercise
groups. Upon study completion, all participants could keep their study-provided treadmills.

Measurements

Demographic characteristics including age, sex, race, education, occupation, and marital
status were self-reported. Smoking status and alcohol consumption were obtained from
standardized questionnaires developed by the National Center for Health Statistics (32).
Clinical information including cancer stage and treatment with chemotherapy were obtained
from cancer registry, pathology reports, or physician records.

Study Outcomes

HRQoL outcomes were assessed at baseline and six months. Physical and mental wellness
was quantified using the Medical Outcomes Survey Short Form [SF-36 (33)]. The SF-36
includes eight subscales (physical functioning, role-physical, bodily pain, general health,
vitality, social functioning, role-emotional, and mental health), which can be aggregated into
the physical and mental component summary scores, where higher scores represent better
physical and mental functioning. Colon cancer specific HRQoL was quantified using the
Functional Assessment of Cancer Therapy-Colorectal [FACT-C (34)]. The FACT-C includes
five subscales (physical, social and family, emotional, functional, and colorectal cancer-
specific well-being), which can be aggregated into a composite score, where a higher score
represents better quality of life. Sleep quality was quantified using the Pittsburgh Sleep
Quality Index [PSQI (35)]. The PSQI includes seven subscales (quality, latency, duration,
efficiency, disturbance, medications, and dysfunction), which can be aggregated into a
global sleep quality score, where a higher score represents poorer sleep quality. Fear of
cancer recurrence was quantified using the Fear of Cancer Recurrence Inventory [FCRI (36,
37)]. The FCRI includes eight subscales (triggers, severity, psychological distress,
functioning impairments, insight, reassurance, and coping strategies) which can be
aggregated into a composite score, where a higher score represents greater fears of cancer
recurrence. Cancer-related fatigue was quantified using the Fatigue Symptom Inventory [FSI
(38)]. The FSI total disruption index was calculated by aggregating the questions relating to
severity, frequency, daily patterns, and perceived fatigue interference, where a higher score
represents greater burden of cancer-related fatigue. Bowel function was quantified using the
North Central Cancer Treatment Group questionnaire (39). The number of bowel
movements per day and a bowel function score that aggregates symptoms of frequency,
nocturnal bowel movements, cramping, incontinence, urgency, and clustering, such that a
higher score represents poorer bowel function. The key outcomes of interest in this analysis
were the composite or aggregated scores derived from each of the HRQoL questionnaires.
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However, each of the questionnaire subscales were explored in post hoc supplementary
analysis for hypothesis generating purposes to guide the design of future studies.

Statistical Analysis

RESULTS

Descriptive statistics presented for baseline variables include counts and proportions for
categorical variables and means + standard deviations for continuous variables. Categorical
baseline characteristics were compared between the three groups using Fisher’s exact test,
and continuous baseline characteristics were compared between the three study groups using
the Kruskal-Wallis test. This study was powered to detect changes in the co-primary biologic
study outcomes: soluble intercellular adhesion molecule-1 and soluble vascular cell adhesion
molecule-1 (28). However, the sample size provided adequate statistical power to identify
effect sizes =0.30 for HRQoL outcomes. All inferential analyses were conducted on an
intention-to-treat basis. Change in HRQoL outcomes were evaluated from baseline to six
months between the three groups using repeated-measures mixed-effects regression models.
This statistical approach includes all available data and accounts for the correlation between
repeated measures. The baseline value of the dependent variable and cancer stage (because it
was a randomization stratification factor) were included as covariates in the regression
models. Group-by-time interaction terms were estimated as fixed-effects in the regression
model. Results from the repeated-measures mixed-effects regression models are presented as
least-square means (LS Mean) * standard error (SE). Model fit was assessed using graphical
techniques. Standardized mean difference effect sizes () were calculated to quantify the
magnitude of treatment effect. Values of dat 0.2, 0.5, and 0.8 represent small, medium, and
large treatment effects, respectively (40). To evaluate the presence of a dose-response
relationship across randomized groups, a test of trend was conducted by examining linear
contrasts. We did not adjust our type | error rate, and the results should be interpreted
accordingly.

Between January 2015 and August 2015, 39 colon cancer survivors were recruited and
randomized with endpoint data collection ending in February 2016. Baseline characteristics
of study participants are presented in Table 2. Over six months, adherence to the prescribed
volumes of exercise in the low-dose and high-dose groups were 93+2% and 89+3%,
respectively. Average exercise volume of the low-dose and high-dose groups were 141+10
min-wk~1 and 247+11 min-wk 1, respectively (A between groups: 106+15; £<0.001).

HRQoL outcomes are presented in Table 3. At baseline, no statistically significant
differences in HRQoL outcomes were observed among the three groups. Compared to the
control group, over six months the SF-36 physical health component summary score
increased by 1.2+6.3 (¢=0.08) in the low-dose group and 13.1+6.5 (¢=0.58) in the high-dose
group (Pyreng=0.002). No change was observed in the SF-36 mental health component
summary score. SF-36 subscales that demonstrated significant improvements included
physical functioning (Pieng<0.001), role-physical (Pieng=0.035), general health
(Pireng=0.011), and vitality (Preng=0.025; Supplementary Table 1). Compared to the control
group, over six months the FACT-C score increased by 7.6+£3.8 (¢=0.49) in the low-dose
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group and 6.8+4.0 (¢=0.58) in the high-dose group (Pieng=0.025). FACT-C subscales that
demonstrated significant improvements included physical well-being (Pyeng=0.037),
emotional well-being (Pyeng=0.016), and functional well-being (Pireng=0.015;
Supplementary Table 2). Compared to the control group, over six months the PSQI
decreased by 0.3+1.0 (¢=-0.11) in the low-dose group and 1.1+1.1 (¢=-0.30) in the high-
dose group (Pireng=0.049). PSQI subscales that demonstrated significant improvements
included sleep quality (Pyreng=0.043) and sleep latency (Pireng=0.042; Supplementary Table
3). No significant dose-response effects were observed for the FCRI composite score or
subscales (Supplementary Table 4). Compared to the control group, over six months FSI
increased 0.8+3.5 (¢=0.08) in the low-dose group and decreased 6.0+£3.6 (¢=—0.75) in the
high-dose group (Pyeng=0.045). No significant dose-response effects were observed for
bowel function. A dose-response effect was observed for the number of bowel movements,
such that exercise reduced daily bowel movement frequency (Pyeng=0.001; Supplementary
Table 5).

CONCLUSIONS

A six month moderate-intensity aerobic exercise program among stage I-I11 colon cancer
survivors improved several patient-reported HRQoL outcomes including physical function,
cancer-specific quality of life, sleep quality, and fatigue in a dose-response fashion, such that
300 min-wk 1 was associated with the largest improvements these outcomes. The findings
from this randomized controlled trial support the hypothesis that larger volumes of aerobic
exercise may be necessary to improve HRQoL outcomes among colon cancer survivors.

Clinical Implications

An improvement of approximately one-half of a standard deviation (¢=0.5) is considered a
minimally clinically important difference for patient-reported HRQoL measures (41).
Therefore, the magnitude of improvement for several outcomes in this study, including the
SF-36 physical subscale, FACT-C, and FSI are consistent with a clinically meaningful
benefit. The findings from this trial contrast with prior randomized trials that have been
unable to demonstrate significant improvements in HRQoL among colon cancer survivors.
The reasons our findings differ from prior trials are not entirely clear, but may relate to
several factors. First, our study demonstrated that exercise effects HRQoL outcomes in a
dose-response manner. Prior trials have examined volumes of exercise that ranged from 60—
150 min-wk~1, which may have been an insufficient volume to promote improvements in
HRQoL. Second, prior studies have been unable to significantly improve self-reported
physical activity compared to usual care (24) or have reported control group crossover (e.g.,
control group participants engaging in exercise) due to the inability to blind participants to
their assigned intervention (23), resulting in an attenuation of the exercise-induced HRQoL
effects. In our study, mean objectively-measured exercise adherence was below prescribed
levels in both arms of the trial (93£2% in low-dose and 89+3% in high-dose), but the
completed exercise volumes were likely higher than prior trials. Third, it has been noted that
younger colon cancer survivors (<60 yr.) may be particularly prone to impairments in
HRQoL and are often motivated to engage in healthy risk-reducing behaviors (4, 7, 42). Our
study sample was significantly younger than the population-based registry from which they
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were recruited (27), and 64% of our sample was <60 yr. Our study sample was younger than
some (23, 43), but not all prior studies (24). Fourth, over six months the control group in our
trial reported deteriorations in several HRQoL outcomes including the SF-36 physical health
component summary score and the FACT-C. Such deteriorations have not been observed in
prior studies of colon cancer survivors (23, 24, 43). The reasons for the observed
deteriorations among participants in the control group are not clear. In this situation, exercise
may help to prevent the deterioration of HRQoL (44). The ability to rapidly implement these
findings into clinical practice may be challenging. The majority of colon cancer survivors do
not engage in adequate physical activity (12). Our study population was motivated to enroll
into a clinical trial, was provided with an in-home treadmill, and received individualized
behavioral support to promote adherence to the study protocol. Given the benefits of
exercise and lifestyle modification, further research is necessary to understand how to
disseminate efficacious behavioral interventions into the oncology clinic.

Contrary to our hypothesis, we did not observe significant dose-response reductions in the
FCRI. Colon cancer survivors rank fear of disease recurrence as their primary health concern
(45). Low-level risk perceptions, worry, and anxiety about disease recurrence are common in
this population (7). In a cross-sectional study of 10,969 colorectal cancer survivors, higher
volumes of physical activity were associated with a significantly lower fear of disease
recurrence in a linear dose-response fashion (13). Although we did not observe a statistically
significant dose-response effect on the FCRI summary score, the high-dose group reported
significant improvements on the FCRI subscales including psychological distress (£=0.009),
functional impairment (£=0.005), insight (P=0.006), reassurance (#<0.001), and coping
(P=0.047), whereas no significant changes were observed in the control or low-dose groups.
These findings provide preliminary data to justify additional research to examine the
potential role of exercise to manage or mitigate concerns regarding disease recurrence in this
population.

There are several strengths to this study. The randomized design that included the use of two
distinct exercise doses allowed us to understand how HRQoL outcomes change along the
exercise dose curve. Both exercise groups had excellent adherence (~90%). Follow-up was
robust, with only one participant being lost to follow-up (97% completion rate). Despite the
small sample size, 21% of study participants reported being non-white race. Our HRQoL
outcomes included a variety of validated, well-characterized HRQoL questionnaires.

Study Limitations

There are several limitations to this study. The small sample size likely limited our statistical
power to detect significant changes in the mental health component score of the SF-36 and
bowel function questionnaires. The small sample size allowed for numeric, but non-
statistically significant, differences in baseline HRQoL values. We expected this may occur,
and our analysis plan pre-specified that the baseline value of the dependent variable would
be included in the model to account for baseline differences, however we cannot rule out the
possibility that the observed differences may be partly due to regression to the mean. The
small sample size also reduces the generalizability of our findings and precluded our ability
to conduct subgroup analysis to identify factors that may moderate the relationship between
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exercise dose and HRQoL outcomes (such as age). We did not recruit study participants
based on having poor HRQoL at baseline. Though we identified statistically significant
dose-response patterns across randomized group for several HRQoL outcomes, the benefit
was often small or modest in effect size. It is unknown if exercise would yield the same
magnitude of benefit among individuals with poor HRQoL at baseline. It is plausible that
such participants may derive larger benefits from exercise. However, the converse is also
possible, such that high volumes of exercise may not be feasible for participants with poor
HRQoL, such as poor physical functioning or severe cancer-related fatigue. Study
participants were not blinded to treatment group assignment. Therefore, social desirability
bias cannot be excluded, which may overestimate the efficacy of exercise on these outcomes.
We did not adjust our type | error rate; thus, the possibility of false-positive findings cannot
be ruled out.

In conclusion, the findings from this randomized trial demonstrate the dose-response effects
of moderate-intensity aerobic exercise to improve multiple HRQoL outcomes, and suggest
that a high-dose of aerobic exercise (300 min-wk~1) may be needed to improve physical
function, cancer-specific quality of life, sleep quality, and fatigue among early-stage colon
cancer survivors. These findings suggest that higher volumes of aerobic exercise are
necessary to improve HRQoL outcomes in colon cancer survivors.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

This research was supported by R21-CA182767, F31-CA192560 and U54-CA155850 from the National Cancer
Institute, P30-DK019525 from the National Institute of Diabetes and Digestive and Kidney Diseases, and UL1-
TR000003 from the National Center for Research Resources and the National Center for Advancing Translational
Science. This research was supported by discounts for treadmills from LifeSpan Fitness, LLC (Salt Lake City, UT).
We gratefully thank the Pennsylvania Cancer Registry for their role in recruitment activities for this study. We
gratefully thank Dr. Sébastien Simard (University of Laval, Quebec City, Canada) for sharing the Fear of Cancer
Recurrence Inventory questionnaire and scoring procedures.

References

1. Ferlay J, Soerjomataram I, Dikshit R, Eser S, Mathers C, Rebelo M, et al. Cancer incidence and
mortality worldwide: sources, methods and major patterns in GLOBOCAN 2012. Int J Cancer.
2015; 136(5):E359-86. [PubMed: 25220842]

2. Arnold M, Sierra MS, Laversanne M, Soerjomataram I, Jemal A, Bray F. Global patterns and trends
in colorectal cancer incidence and mortality. Gut. 2017; 66(4):683-91. [PubMed: 26818619]

3. Renfro LA, Grothey A, Kerr D, Haller D, André T, Van Cutsem E, et al. Survival following early-
stage colon cancer: an ACCENT-based comparison of patients versus a matched international
general population. Annals of Oncology. 2015; 26(5):950-8. [PubMed: 25697217]

4. Arndt V, Merx H, Stegmaier C, Ziegler H, Brenner H. Quality of life in patients with colorectal
cancer 1 year after diagnosis compared with the general population: a population-based study. J Clin
Oncol. 2004; 22(23):4829-36. [PubMed: 15570086]

5. Domati F, Rossi G, Benatti P, Roncucci L, Cirilli C, Ponz de Leon M. Long-term survey of patients
with curable colorectal cancer with specific reference to the quality of life. Intern Emerg Med. 2011;
6(6):529-35. [PubMed: 21512795]

Psychooncology. Author manuscript; available in PMC 2019 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Brown et al.

10

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Page 9

. LeMasters T, Madhavan S, Sambamoorthi U, Kurian S. A population-based study comparing

HRQoL among breast, prostate, and colorectal cancer survivors to propensity score matched
controls, by cancer type, and gender. Psycho-Oncology. 2013; 22(10):2270-82. [PubMed:
23606210]

. Mullens AB, McCaul KD, Erickson SC, Sandgren AK. Coping after cancer: risk perceptions, worry,

and health behaviors among colorectal cancer survivors. Psycho-Oncology. 2004; 13(6):367-76.
[PubMed: 15188444]

. Rodriguez JL, Hawkins NA, Berkowitz Z, Li C. Factors associated with health-related quality of life

among colorectal cancer survivors. American journal of preventive medicine. 2015; 49(6):S518—
S27. [PubMed: 26590647]

. Frick MA, Vachani CC, Hampshire MK, Bach C, Arnold-Korzeniowski K, Metz JM, et al.

Survivorship after lower gastrointestinal cancer: Patient-reported outcomes and planning for care.
Cancer. 2017; 123(10):1860-8. [PubMed: 28055110]

. Courneya KS, Friedenreich CM. Relationship between exercise pattern across the cancer
experience and current quality of life in colorectal cancer survivors. The Journal of Alternative and
Complementary Medicine. 1997; 3(3):215-26. [PubMed: 9430325]

Lynch BM, Cerin E, Newman B, Owen N. Physical activity, activity change, and their correlates in
a population-based sample of colorectal cancer survivors. Annals of Behavioral Medicine. 2007;
34(2):135-43. [PubMed: 17927552]

Thraen-Borowski KM, Gennuso KP, Cadmus-Bertram L. Accelerometer-derived physical activity
and sedentary time by cancer type in the United States. PLoS One. 2017; 12(8):e0182554.
[PubMed: 28806753]

Fisher A, Beeken RJ, Heinrich M, Williams K, Wardle J. Health behaviours and fear of cancer
recurrence in 10 969 colorectal cancer (CRC) patients. Psychooncology. 2016; 25(12):1434-40.
[PubMed: 26863926]

Lynch BM, Cerin E, Owen N, Aitken JF. Associations of leisure-time physical activity with quality
of life in a large, population-based sample of colorectal cancer survivors. Cancer Causes Control.
2007; 18(7):735-42. [PubMed: 17520334]

Schlesinger S, Walter J, Hampe J, von Schonfels W, Hinz S, Kuchler T, et al. Lifestyle factors and
health-related quality of life in colorectal cancer survivors. Cancer Causes Control. 2014; 25(1):
99-110. [PubMed: 24158780]

Vallance JK, Boyle T, Courneya KS, Lynch BM. Associations of objectively assessed physical
activity and sedentary time with health-related quality of life among colon cancer survivors.
Cancer. 2014; 120(18):2919-26. [PubMed: 24898175]

Vallance JK, Boyle T, Courneya KS, Lynch BM. Accelerometer-assessed physical activity and
sedentary time among colon cancer survivors: associations with psychological health outcomes.
Journal of Cancer Survivorship. 2015; 9(3):404-11. [PubMed: 25750157]

Courneya K, Friedenreich C, Arthur K, Bobick T. Physical exercise and quality of life in
postsurgical colorectal cancer patients. Psychology, Health & Medicine. 1999; 4(2):181-7.

Husson O, Mols F, van de Poll-Franse LV, Thong MS. The course of fatigue and its correlates in
colorectal cancer survivors: a prospective cohort study of the PROFILES registry. Support Care
Cancer. 2015; 23(11):3361-71. [PubMed: 26123601]

Lewis C, Xun P, He K. Physical activity in relation to quality of life in newly diagnosed colon
cancer patients: a 24-month follow-up. Qual Life Res. 2014; 23(8):2235-46. [PubMed: 24706291]
Lynch BM, Cerin E, Owen N, Hawkes AL, Aitken JF. Prospective relationships of physical activity
with quality of life among colorectal cancer survivors. Journal of Clinical Oncology. 2008; 26(27):
4480-7. [PubMed: 18802160]

Cramer H, Lauche R, Klose P, Dobos G, Langhorst J. A systematic review and meta-analysis of
exercise interventions for colorectal cancer patients. Eur J Cancer Care (Engl). 2014; 23(1):3-14.
[PubMed: 23834462]

Courneya KS, Friedenreich CM, Quinney HA, Fields AL, Jones LW, Fairey AS. A randomized
trial of exercise and quality of life in colorectal cancer survivors. Eur J Cancer Care (Engl). 2003;
12(4):347-57. [PubMed: 14982314]

Psychooncology. Author manuscript; available in PMC 2019 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Brown et al.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Page 10

Pinto BM, Papandonatos GD, Goldstein MG, Marcus BH, Farrell N. Home-based physical activity
intervention for colorectal cancer survivors. Psychooncology. 2013; 22(1):54-64. [PubMed:
21905158]

Schmid D, Leitzmann M. Association between physical activity and mortality among breast cancer
and colorectal cancer survivors: a systematic review and meta-analysis. Annals of Oncology. 2014;
25(7):1293-311. [PubMed: 24644304]

Martin CK, Church TS, Thompson AM, Earnest CP, Blair SN. Exercise dose and quality of life: a
randomized controlled trial. Arch Intern Med. 2009; 169(3):269-78. [PubMed: 19204218]

Brown JC, Troxel AB, Ky B, Damjanov N, Zemel BS, Rickels MR, et al. A randomized phase 11
dose-response exercise trial among colon cancer survivors: Purpose, study design, methods, and
recruitment results. Contemporary clinical trials. 2016; 47:366—75. [PubMed: 26970181]

Brown JC, Troxel AB, Ky B, Damjanov N, Zemel BS, Rickels MR, et al. Dose-Response Effects
of Aerobic Exercise among Colon Cancer Survivors: A Randomized Phase Il Trial. Clinical
Colorectal Cancer. 2017 [ePub](In Press. ).

Brown JC, Zemel BS, Troxel AB, Rickels MR, Damjanov N, Ky B, et al. Dose-Response Effects
of Aerobic Exercise on Body Composition among Colon Cancer Survivors: A Randomized
Controlled Trial. Br J Cancer. 2017 In Press.

Brown JC, Zemel BS, Troxel AB, Rickels MR, Damjanov N, Ky B, et al. Dose-Response Effects
of Exercise on Insulin among Colon Cancer Survivors. Endocrine-related cancer. 2017 In Press.
Ainsworth BE, Haskell WL, Whitt MC, Irwin ML, Swartz AM, Strath SJ, et al. Compendium of
physical activities: an update of activity codes and MET intensities. Med Sci Sports Exerc. 2000;
32(9 Suppl):S498-504. [PubMed: 10993420]

Pleis JR, Lucas JW, Ward BW. Summary health statistics for US adults: National Health Interview
Survey, 2008. Vital and health statistics Series 10, Data from the National Health Survey. 2009;
(242):1-157.

Ware JE Jr, Kosinski M, Bayliss MS, McHorney CA, Rogers WH, Raczek A. Comparison of
methods for the scoring and statistical analysis of SF-36 health profile and summary measures:
summary of results from the Medical Outcomes Study. Medical care. 1995:AS264-AS79.
[PubMed: 7723455]

Ward WL, Hahn EA, Mo F, Hernandez L, Tulsky DS, Cella D. Reliability and validity of the
Functional Assessment of Cancer Therapy-Colorectal (FACT-C) quality of life instrument. Qual
Life Res. 1999; 8(3):181-95. [PubMed: 10472150]

Buysse DJ, Reynolds CF 111, Monk TH, Hoch CC, Yeager AL, Kupfer DJ. Quantification of
subjective sleep quality in healthy elderly men and women using the Pittsburgh Sleep Quality
Index (PSQI). Sleep. 1991; 14(4):331-8. [PubMed: 1947597]

Lebel S, Simard S, Harris C, Feldstain A, Beattie S, McCallum M, et al. Empirical validation of the
English version of the Fear of Cancer Recurrence Inventory. Qual Life Res. 2016; 25(2):311-21.
[PubMed: 26341969]

Simard S, Savard J. Fear of Cancer Recurrence Inventory: development and initial validation of a
multidimensional measure of fear of cancer recurrence. Support Care Cancer. 2009; 17(3):241-51.
[PubMed: 18414902]

Hann DM, Denniston MM, Baker F. Measurement of fatigue in cancer patients: further validation
of the Fatigue Symptom Inventory. Quality of Life Research. 2000; 9(7):847-54. [PubMed:
11297027]

Haddock MG, Sloan JA, Bollinger JW, Soori G, Steen PD, Martenson JA, et al. Patient assessment
of bowel function during and after pelvic radiotherapy: results of a prospective phase 111 North
Central Cancer Treatment Group clinical trial. J Clin Oncol. 2007; 25(10):1255-9. [PubMed:
17401014]

Cohen, J. Statistical power analysis for the behavioural sciences (Rev. ed.). New York: Academic;
1977.

Norman GR, Sloan JA, Wyrwich KW. Interpretation of changes in health-related quality of life: the
remarkable universality of half a standard deviation. Med Care. 2003; 41(5):582-92. [PubMed:
12719681]

Psychooncology. Author manuscript; available in PMC 2019 April 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Brown et al.

42.

43.

44,

45.

46.

Page 11

Jansen L, Herrmann A, Stegmaier C, Singer S, Brenner H, Arndt V. Health-related quality of life
during the 10 years after diagnosis of colorectal cancer: a population-based study. J Clin Oncol.
2011; 29(24):3263-9. [PubMed: 21768465]

Bourke L, Thompson G, Gibson DJ, Daley A, Crank H, Adam I, et al. Pragmatic lifestyle
intervention in patients recovering from colon cancer: a randomized controlled pilot study. Arch
Phys Med Rehabil. 2011; 92(5):749-55. [PubMed: 21530722]

Brown JC, Schmitz KH. Weight lifting and physical function among survivors of breast cancer: a
post hoc analysis of a randomized controlled trial. Journal of Clinical Oncology. 2015; 33(19):
2184-9. [PubMed: 25964257]

Baker F, Denniston M, Smith T, West MM. Adult cancer survivors: how are they faring? Cancer.
2005; 104(S11):2565-76. [PubMed: 16258929]

Paffenbarger R, Wing A, Hyde R. Paffenbarger physical activity questionnaire. Am J Epidemiol.
1978; 108:161-75. [PubMed: 707484]

Psychooncology. Author manuscript; available in PMC 2019 April 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Brown et al.

Page 12

Table 1

Patient inclusion and exclusion criteria for study participation

Inclusion:
1
2

~N o o b~

Exclusion:

© 00 N o g A~ w N

11

Histologically-proven stage I-111 colon cancer
Completed cancer treatment(s) within 36 months of entering the study

Self-reported participation of <150 min-wk ™! of moderate or vigorous intensity physical activity using the Paffenbarger Physical
Activity Questionnaire (46)

Age =18 years
Provided written physician approval
No additional surgery planned within the six month intervention period

The ability to walk unaided for six minutes

History of another primary cancer (other than non-melanoma skin cancer)

Evidence of distant metastatic disease

Pregnant or breast feeding

Unable to provide a baseline blood sample

Myocardial infarction or coronary revascularization procedure within the past three months

Uncontrolled hypertension (systolic blood pressure 2180 mm Hg or diastolic blood pressure 2100 mm Hg)
High-risk or uncontrolled cardiac arrhythmias

Clinically significant heart valve disease

Decompensated heart failure

A known aortic aneurysm

Any other condition which, in the opinion of the investigator, may impede testing of study hypotheses or make it unsafe to engage
in the exercise program
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Baseline characteristics of the participants’

Table 2

Characteristic Total (n=39) Control (n=13) Low-Dose (n=14) High-Dose (n=12)
Age, %

<60y 25 (64%) 9 (69%) 8 (57%) 8 (67%)

260y 14 (36%) 4 (31%) 6 (43%) 4 (33%)
Sex, %

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

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

White 31 (80%) 8 (62%) 12 (86%) 11 (92%)

Black 6 (15%) 3 (23%) 2 (14%) 1 (8%)

Other 2 (5%) 2 (15%) 0 (0%) 0 (0%)
Education, %

High School or Less 7 (18%) 1 (8%) 4 (29%) 2 (17%)

Some College 8 (20%) 3 (23%) 2 (14%) 3 (25%)

College Degree or More 24 (62%) 9 (69%) 8 (57%) 7 (58%)
Retired, % 11 (28%) 3 (23%) 5 (36%) 3 (25%)
Marital Status, %

Married or Living with Partner 27 (69%) 9 (69%) 5 (64%) 9 (75%)

Divorced, Widowed, Never Married 12 (31%) 4 (31%) 5 (36%) 3 (25%)
Smoking History, %

Never 23 (59%) 10 (77%) 6 (43%) 7 (58%)

Former 14 (36%) 3 (23%) 7 (50%) 4 (33%)

Current 2 (5%) 0 (0%) 1 (7%) 1 (8%)
Consume =1 Alcoholic Drink/Week, % 23 (59%) 7 (54%) 9 (64%) 7 (58%)
Stage, %

1 5 (13%) 1 (8%) 2 (14%) 2 (17%)

1l 14 (36%) 5 (38%) 5 (36%) 4 (33%)

m 20 (51%) 7 (54%) 7 (50%) 6 (50%)
Chemotherapy, % 28 (72%) 10 (77%) 10 (71%) 8 (67%)
Time Since Treatment, %

<12 months 25 (64%) 8 (62%) 10 (71%) 7 (58%)

>12 months 14 (36%) 5 (38%) 4 (26%) 5 (42%)

fData are counts and percentages (%).
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