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Introduction: Exercise can improve the symptoms of cancer. However, is it a cancer treatment? 

We tested the feasibility of group exercise for metastatic cancer patients while on chemotherapy. 

A biomarker for exercise efficacy in colorectal cancer (CRC), β-catenin, was tested.

Methods: Patients undergoing palliative chemotherapy were eligible for a pre–post, single-arm 

study comprising an indefinite, weekly group exercise intervention using strength and aerobic 

training. The Functional Assessment of Chronic Illness Therapy (FACIT) and Piper Fatigue Scale 

(PFS) questionnaires were administered, and aerobic capacity assessed using the 6-minute walk 

test. Selection bias, as measured by invitation rate, as well as participation, compliance, and 

attrition rates, was measured. CRC patients had surgical sections stained for β-catenin and cor-

related to survival. The statistical analysis was primarily exploratory and hypothesis generating.

Results: Of the 124 eligible patients, 53 (43%) patients were invited and 35 (28%) patients 

participated. The median number of classes attended was 16, the compliance rate was 73.1% 

(95% confidence interval [CI] 67.0–79.4), and the modified attrition rate was 24%. There were 

no injuries. No significant improvements were seen in the FACIT or PFS at 30 weeks. Aerobic 

capacity significantly improved at 30 weeks. Participation of CRC patients in the exercise pilot 

vs nonparticipation was not associated with a change in survival (hazard ratio [HR] =0.98, 95% 

CI 0.32–2.97). For all CRC patients, strong nuclear staining for β-catenin, compared to weak, 

suggested a lower risk of mortality (HR =0.54, 95% CI 0.14–1.96). However, CRC participants 

in the exercise program with weak nuclear staining for β-catenin had a trend to lower mortality 

(HR =0.39, 95% CI 0.025–6.1).

Conclusion: Exercise for patients with metastatic cancer receiving chemotherapy is feasible 

and safe. β-Catenin is a potential biomarker for exercise anticancer effect in CRC.

Keywords: strength training, aerobic training, colorectal cancer, compliance rate, attrition 

rate, fatigue

Introduction
The emerging field of exercise oncology is trying to determine whether exercise can 

impact cancer-specific outcomes. Research has already looked at how exercise can 

improve cancer symptoms of fatigue and physical fitness.1,2 Epidemiological evidence 

suggests that individuals who are active have a lower risk of developing cancer.3 Simi-

larly, active individuals with early-stage cancer have a lower risk of cancer relapse.4 

Exercise may have anticancer effects similar to standard systemic treatments;3 however, 

this is yet to be proven in prospective randomized trials. The anticancer effect of exercise 
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may be most easily seen in the metastatic setting, similar to 

the evaluation of investigational systemic treatments.

Exercise for patients with early stage cancer undergoing 

treatment is safe.5 This pilot study evaluates the feasibility of 

exercising individuals with incurable metastatic malignancy 

receiving chemotherapy. Additionally, the proportion of 

such individuals invited to exercise, selection bias, attrition 

and compliance rates, and treatment dose intensity (DI)6 of 

participants was measured.

Beyond exercise’s improvements in patient-related out-

comes and fitness, there is now substantial interest in cancer-

related outcomes. These outcomes have significant variability 

among patients, and efforts are being made understand these 

differences.7 Genetic and molecular markers may be the pre-

dictors of these responses and help guide patient selection.

A biomarker that may predict sensitivity of colorectal can-

cer (CRC) to exercise is β-catenin, part of the WNT signaling 

pathway.8 This pathway is involved in both colorectal carcino-

genesis and energy metabolism. In this study, the survival of 

patients with metastatic CRC participating in the exercise pilot 

was compared with those not participating using β-catenin 

nuclear staining to predict exercise effect on survival.

Methods
Study design and patient selection
A pre–post, single-arm study was designed to test the 

feasibility of exercising patients with incurable metastatic 

cancer on chemotherapy. Participants were recruited from 

the Chemotherapy Clinic at Rouge Valley Centenary Hos-

pital (as of December 1, 2016, Scarborough and Rouge 

Hospital—Centenary Site) in Toronto, between February 

2014 and August 2016. Only patients under the care of one 

medical oncologist (JAC) were eligible. All such patients with 

incurable metastatic malignancy receiving chemotherapy 

were candidates. There were no formal exclusion criteria. 

The study was approved by the Research Ethics Board at 

the Rouge Valley Health System. All participants provided 

written informed consent for this study.

Kinesiologists experienced in exercise therapy in cardiac 

rehabilitation supervised participants on a dedicated track 

with access to resistance and aerobic training machines within 

the Rouge Valley Centenary Hospital. Basic first-aid, CPR, 

and an emergency response team were available. Parking was 

free on the day of the group exercise.

Assessments
A kinesiologist discussed exercise history, limitations, and 

addressed any concerns. A 6-minute walk test determined 

baseline aerobic capacity. Changes were tracked every 

3 months. The Functional Assessment of Chronic Illness 

Therapy (FACIT) and Piper Fatigue Scale (PFS) question-

naires were administered at baseline and at 30 weeks. FACIT 

is a quality-of-life questionnaire tested for reliability and 

validity in a general cancer population9 (FACT-G) with a 

tumor-site specific form (FACT-Specific). The PFS measures 

a cancer patient’s fatigue tested for reliability and validity in 

a general cancer population.10 

Exercise intervention
The intervention was a supervised, weekly, group, strength 

and aerobic exercise program. One 75-minute time block was 

allocated during the week. Two kinesiologists case managed 

and supervised all exercise participants. For strength training, 

participants used free weights or resistance bands target-

ing the five major muscle groups that included arms, legs, 

shoulders, back, and core. Five to seven total exercises were 

performed in each session for two sets of 10 repetitions at 

each group exercise session. For aerobic training, participants 

were encouraged to walk or cycle as a part of their aerobic 

training routine for up to 45 minutes. Participants were 

encouraged to perform their strength and aerobic exercises 

throughout the remainder of the week. The exercise interven-

tion was indefinite and lasted as long as the patient wished 

to participate. Scheduling of the exercise sessions was just 

before a clinic visit or chemotherapy treatment, which con-

tinued uninterrupted according to the cancer treatment plan. 

Participants submitted weekly written diaries at each 

exercise session to monitor home exercise. They were then 

given a new diary for the week as well as an exercise prescrip-

tion based on their individual capacity, including aerobic and 

strengthening exercises. 

Measurements
Demographic data and primary cancer site and chemotherapy 

treatment information were available for all patients treated 

with palliative intent by the medical oncologist during the 

time the study was active. Attendance for group sessions was 

recorded by the kinesiologist. 

Prognostic factors collected at baseline for patients with 

metastatic CRC consisted of patient performance status 

measured using the Eastern Cooperative Oncology Group 

scale, and white blood count, absolute neutrophil count, 

alkaline phosphatase, number of metastatic sites, right vs 

left side of primary cancer, K-ras status, and number of lines 

of chemotherapy11,12 with previous adjuvant chemotherapy 

also included.
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Attrition typically looks at the rate of withdrawal from 

an exercise program with a fixed duration, comparing the 

number of participants at the beginning and conclusion.13 

This pilot did not have a fixed duration of exercise par-

ticipation. These were patients with incurable cancer with 

a chance of dying while in the pilot study. Additionally, 

many completed their course of palliative treatment, with 

no obligation to continue in the pilot study. Attrition was 

defined as withdrawal from the pilot earlier than 90 days 

before death or later than 30 days after completion of pal-

liative chemotherapy.

The compliance rate was defined as the number of group 

exercise attendances divided by the number of available group 

exercise sessions between the first and last attended exercise 

sessions for each participant.

Survival for CRC patients was calculated as the time 

elapsed between the diagnostic biopsy and death.

Paraffin-embedded tissue blocks were collected for 

every patient with metastatic colon or rectal cancer treated 

by the medical oncologist, while the exercise pilot was 

active, regardless of participation in the pilot. The sample 

was always from a pretreatment specimen: a surgical sec-

tion (n=14) or biopsy (n=3) for colon cancer or a biopsy for 

rectal cancer (Table 1). This was stained for β-catenin with 

normal colonic epithelial cells serving as internal controls. 

A team of five pathologists graded the nuclear staining as 

weak (0, +1, +2), indicating intact regulation of the WNT-

CTNNB1 pathway, or strong (+3 or +4), indicating aberrant 

upregulation of the WNT–CTNNB1 pathway.

Immunohistochemical analysis for 
β-catenin
β-Catenin is a ready-to-use/predilute antibody (catalog # 

IR702; Dako/Agilent, Santa Clara, CA, USA). Dako Envi-

sion Flex+ kits (catalog #K8002) were used for detection. 

The slides were cut at 3 μm and dried in the oven at 60°C for 

30 minutes, then dewaxed with xylene and hydrated, and then 

put into a high pH retrieval buffer for 20 minutes at 98°C. 

The slides were rinsed with buffer and then loaded onto 

Dako Autostainers where they underwent the staining process 

(peroxidase block, β-catenin antibody [20 minutes incuba-

tion], horseradish peroxidase polymer, and diaminobenzidine 

substrate–chromogen). The slides were counterstained with 

hematoxylin manually and coverslipped for review.

Data analysis
To assess the impact of exercise on cancer treatment delivery, 

chemotherapy DI was determined for all patients involved in 

the trial with CRC and myeloma patients being compared to 

age- and sex-matched nonparticipants. 

Demographic and clinical data were presented as mean, 

median, or proportion with 95% confidence intervals (CIs). 

Given the exploratory nature of the study, no formal sample 

size or power analysis was undertaken. Therefore, the most 

relevant outcomes from the statistical analysis were 95% CI. 

P-values should be viewed as being of secondary importance. 

Furthermore, the findings of this pilot study should be seen 

as exploratory and hypothesis generating. The paired t-test 

was used to compare changes in the 6-minute walk test 

relative to baseline. The association between participation 

in the exercise program, nuclear staining for β-catenin, and 

overall survival was assessed using Cox proportional hazard 

regression. Survival curves were generated with the method 

of Kaplan–Meier and compared with the log-rank test. 

All of the statistical analyses were performed using Stata, 

release 14.0 (StataCorp LP, College Station, TX, USA).

Results
A total of 124 patients were eligible (Table 1) with a mean age 

of 66.2 years (range 37–94 years). The average age of patients 

invited to participate was 62.6 years (95% CI 59.6–65.7), 

significantly different from those who were not (68.6 years) 

(95% CI 66.2–70.9; P=0.0026). A total of 53 patients were 

invited to participate; 41 patients accepted and 35 patients 

completed the initial assessment. No difference was seen in the 

invitation rate when sex, race, and tumor type were analyzed. 

The medical oncologist reviewed reasons for noninvi-

tation. The category accounting for 48% of such patients 

Table 1 Patients referred

Site Number 
available

Number 
referred

Accepted

Gastrointestinal
 Colon 17 17 11
 Rectum 3 3 1
 Hepatobiliary 7 1 0
 Stomach 3 1 0
Lung
 Nonsmall cell 10 4 2
 Small cell 6 1 0
Breast 15 11 8
Gynecologic 9 3 3
Prostate 2 0 0
Hematologic
 Low-grade NHL 23 8 7
 Multiple myeloma 25 4 3
 Myelodysplastic syndrome 3 0 0
 T-cell lymphoma 1 0 0

Note: Total N=124, referred =53, and at least one class =35.
Abbreviation: NHL, non-Hodgkin lymphoma.
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described cancer-related issues with advanced age and/or 

fatigue; rapid deterioration and death within the first or sec-

ond cycle of treatment; and orthopedic and/or neurological 

issues precluding exercise participation. In 11% of cases, 

there were no clear reasons for noninvitation (Table 2).

The attrition rate was 24% using the previously stated 

definition. The rate of participation varied (Figure 1), and 

the median number of weekly classes attended was 16 

(range 1–89). The mean compliance rate was 73.1% (95% 

CI 67.0–79.4). During this study, 15 participants died, 7 

participants completed their palliative systemic treatment 

and stopped participating, and 1 patient moved to another 

hospital. 

Patients who died stopped participating in the exercise 

program at a mean of 164 days (95% CI 76.5–251, median 

100 days) prior to their death. Patients completing their 

course of palliative chemotherapy continued to participate in 

the exercise program a mean of 7.6 days after completion of 

treatment (95% CI 73.1 days prior to ending chemotherapy 

to 88.3 days after completing chemotherapy).

There were no pre-to-post changes in the FACIT-General 

(P=0.83), FACIT-Specific (P=0.31), or PFS (P=0.98) at 

30 weeks. 

Participants improved their 6-minute walk test at posttest 

by an average of 75 m (467 m, 95% CI 425–508 m vs 542 m, 

95% CI 483–600 m, P=0.002).

For CRC patients, the average DI of participants was 96% 

(n=12), and for nonparticipants, it was significantly lower 

at 86% (95% CI 75–96, P=0.035). For multiple myeloma 

patients, participant’s DI was 100% (n=3), and for nonpar-

ticipants, it was 98% (95% CI 93–104; P=0.37).

Twenty patients with metastatic CRC were treated with 

chemotherapy during the pilot study, with surgical sections 

available for 19 patients, 12 accepting the invitation and 9 

taking part in the exercise pilot (Table 1). β-Catenin stain-

ing and survival analysis were undertaken for all metastatic 

CRC patients with available pathology specimens treated 

with chemotherapy during the conduct of this pilot study, 

regardless of participation in the exercise pilot. Fourteen of 

the patients died, with a median survival of 2.45 years (95% 

CI 1.9–6.4). Forty-two percent of the sections stained strongly 

for β-catenin in the nucleus. For overall mortality, strong 

nuclear staining for β-catenin was associated with a lower 

risk of death (HR =0.54, 95% CI 0.14–1.96). Participation in 

the exercise pilot was not associated with any difference in 

survival (HR =0.98, 95% CI 0.32–2.97, Figure 2A). However, 

Table 2 Physician reasons for noninvitation/nonparticipation, N=71

Reasons (N/%)

Cancer related Treatment 
related 

Social MD 
related

Elderly/frail (15) Intense 
treatment (7)

Unilingual (5) No clear 
reason (8)

Rapid 
deterioration (9)

Almost done (2) Distance (2)

Orthopedic/
neurologic (10)

Await response 
(2)

Patient 
declined (11)

Totals (N) 34 11 18 8
Totals (%) 48 16 25 11

Abbreviation: MD, medical doctor.

16

14

12

10

8

6

4

2

0
1–8 classes 9–16 classes 17–23 classes ≥24 classes

Number of patients

Figure 1 Number of weekly classes attended by study participants.
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participants in the exercise pilot who had weak nuclear stain-

ing for β-catenin had a lower risk of mortality (HR =0.39, 

95% CI 0.025–6.1, Figure 2B).

Discussion
Few studies looking at the benefits of exercise in patients with 

advanced cancer have been published.14 Lowe et al15 reviewed 

six studies of physical activity and palliative cancer patients, 

all pilots, involving a total of 84 patients. Subsequent studies 

looking at exercise and late-stage cancer patients included 

between 21 and 65 individuals,13,16–18 receiving strictly pal-

liative chemotherapy included in heterogeneous groups of 

patients. This pilot examined 35 patients all with metastatic, 

incurable malignancy on cytotoxic systemic treatment.

To our knowledge, this is the first exercise pilot using 

metastatic cancer patients receiving only palliative chemo-

therapy in a general oncology practice. This pilot did not 

document any adverse effects, similar to studies with the 

same patient population.16–18 Two other studies exercising 

individuals with only multiple myeloma19 and metastatic 

breast cancer13 reported no injuries. Existing recommenda-

tions state that it is safe for cancer survivors to exercise.5,20 

Our observations are consistent with observations that exer-

cising patients with metastatic disease is safe.19 Currently, 

no exercise recommendation exists for this group of patients.

One goal was to determine the participation rate of 

metastatic cancer patients on chemotherapy in an exercise 

program: 28% (35/124) of potential candidates. This agrees 

with many prospective trials, where less than one-third of 

eligible patients participate.4 This pilot’s potential maximum 

(according to Table 2, given perceived cancer-related issues 

precluding participation) includes an additional 37 patients 

for a total of 72 (35+37) or 58% (72/124). The highest 

participation rate in the literature was 82% using inpatients 

in a 4-week program.21 Eleven (8.9%) patients declined 

the invitation. This pilot study was designed for maximum 

convenience of the patient: exercise and chemotherapy in the 

same hospital, clinical appointment shortly after the exercise 

session, and paid parking on exercise day. 

We wanted to understand selection bias as opposed to 

informal exclusion criteria. While work has been done to 

assess patient-related factors,4,15,22 health care team biases4 

have not been studied as extensively. A palliative chemo-

therapy candidate may not be an exercise candidate for 

valid medical reasons. While some patients can successfully 

exercise, others may fall into a category where a judgment 

is required by the medical team. A common belief is that 

cancer patients should rest rather than exercise, especially 

individuals with metastatic disease. In this pilot study, in 

the judgment of this particular medical oncologist (JAC), 

48% of patients not invited were incapable of effectively 

taking part in the exercise program. This may be related to 

the aforementioned thinking. The remaining 52% are biases 

related to treatment or social factors (Table 2). Our study 

found that younger patients are more likely to be asked to 

participate. Further clarification of health care team bias or 

informal exclusion criteria is needed.

Regarding acceptable tolerability and safety, a study attri-

tion rate of ≤20% and an exercise compliance rate of ≥70% 

have been suggested as acceptable.23 In this pilot study, the 

Figure 2 Kaplan-Meier survival estimates of various patients with metastatic CRC.
Notes: (A) Survival by participation in exercise program for patients with metastatic CRC. Hazard ratio (exercise, n=9 vs no exercise, n=10) =0.98, 95% CI 0.32–2.97. (B) 
Survival by participation in exercise program for patients with weak β-catenin nuclear staining and metastatic CRC. Hazard ratio (exercise, n=7 vs no exercise, n=6) =0.39, 
95% CI 0.025–6.1.
Abbreviations: CRC, colorectal cancer; CI, confidence interval.
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attrition rate was 24% using the previously stated definition. 

This compares to an attrition rate of 41% in a similar popula-

tion of incurable metastatic patients in a 6-month program19 

and 34% in women with metastatic breast cancer in a 16-week 

program, 45% of whom were receiving chemotherapy.13 Our 

study determined that patients stopped participating in the 

exercise program a median of 100 days prior to death and, 

for those patients completing palliative chemotherapy, con-

tinued to participate in the exercise program for an average 

of 7.6 days beyond their treatment. The compliance rate for 

class attendance in our indefinite study was 73.1% (median 

73.9%). A compliance rate of 99% has been achieved in a 

12-week program in the adjuvant setting.24 Therefore, the 

attrition rate using a modified definition and the compliance 

rate are comparable with what is acceptable for therapeutic 

intervention. 

In this study, palliative chemotherapy treatment was not 

interrupted by the exercise schedule as indicated by preserved 

DI. Similar findings were seen in the setting of exercise and 

adjuvant chemotherapy for breast cancer.25

Our study did not show an improvement in the quality 

of life or reduction in fatigue with exercise, similar to other 

studies with this patient population.13,17,18 The improvement 

in physical function with exercise that we found has been 

reported in this patient population17,18 but not universally.13

How exercise might improve cancer survival is not clear. 

Medical oncology has moved toward targeted therapy, and 

exercise oncology must, similarly, determine which patients 

benefit from exercise as epidemiological data suggest differ-

ences with tumor subtype.23 β-Catenin is a candidate biomarker 

for exercise effect in CRC.8 In surgical and biopsy sections 

from our metastatic CRC patients, 42% stained strongly for 

β-catenin in the nucleus where Morikawa et al found 46% for 

early-stage CRC patients. Morikawa et al showed that strong 

nuclear staining for β-catenin was associated with a signifi-

cant reduction in mortality (HR =0.56, 95% CI 0.35–0.90) in 

patients with early-stage CRC but only among patients with 

a body mass index (BMI) of ≥30 kg/m2. In our study, strong 

nuclear staining was associated with a nonsignificant reduc-

tion in the risk of death for all patients (HR =0.54, 95% CI 

0.14–1.96), but we were unable to confirm Morikawa et al’s 

finding with respect to BMI given our smaller data set.

Exercise did not affect survival (HR =0.98, 95% CI 0.32–

2.97) of patients with metastatic CRC in our study (Figure 

2A). However, metastatic CRC patients with weak nuclear 

staining for β-catenin participating in our exercise program 

had a nonsignificant mortality reduction (HR =0.39, 95% 

CI 0.025–6.1) (Figure 2B). This is similar to the  mortality 

reduction described by Morikawa et al for patients with weak 

nuclear staining, physical activity, and early-stage colon 

cancer (HR 0.33, 95% CI 0.42–1.09). These results support 

an intact regulation of the WNT–CTNNB1 pathway being 

required for exercise to have a beneficial effect on cancer 

progression, with weak nuclear staining for β-catenin being 

a potential biomarker. These hypotheses warrant further 

investigation. 

Limitations of this study include the lack of measure-

ment of physical activity including during home exercise 

where self-reporting can be subjective and lack reliability. 

Given that there are thresholds of physical activity needed 

to induce improvements in cancer-specific endpoints,3 this 

study cannot determine what that might be. Individualized 

prescriptions that use tenets of exercise treatment such as 

peak rate of oxygen consumption (peak VO
2
) and progres-

sive overload have not been used the in the field of exercise 

oncology26 and were not used in this pilot. The invitation 

rate was based on the judgment of the medical oncologist 

and may differ depending on the health care professional. 

The β-catenin survival study suffers from small sample size, 

lack of randomization, difficulty in controlling for known 

prognostic factors in metastatic CRC, and lack of informa-

tion with respect to activity of nonexercising control patients.

Future work will include a prospective trial looking at 

referral bias and the development of systematic exclusion 

criteria, a more careful measurement of physical activity to 

understand dosing of exercise and possible threshold effects, 

the use of training effect, a prospective trial of exercise, and 

β-catenin staining as the biomarker.

Conclusion
This study has tried to address several of the many unsolved 

issues regarding the effects of exercise in metastatic cancer 

patients.4 The first is the issue surrounding precision of the 

data generated with the inclusion of descriptions of the 

exercise program, and participation, attrition, and compli-

ance rates. We also looked into reasons for referral bias to 

an exercise program and established a maximum participa-

tion rate for metastatic patients. The lack of this sort of data 

has been responsible for the wide variation in outcomes in 

previously published literature.4 We have added to the expe-

rience that exercise is safe in the metastatic population and 

that chemotherapy DI is not altered. We offered an exercise 

program with maximum convenience and safety, available as 

long as the patient wished to participate. We also looked into 

a potential biomarker for the efficacy of exercise. This will 

become especially important as the intracellular signaling 
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pathways involved with exercise and cancer are elucidated, 

with β-catenin as one such candidate.
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