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Objectives: The primary aim of this study was to investigate the beneficial effect of

exercise on completion rates of adjuvant treatment, which is one of the major prognostic

factors among patients with locally advanced colorectal cancer after undergoing curative

resection followed by adjuvant treatment.

Design: Prospective pilot study

Methods: We assigned patients who were scheduled to undergo adjuvant treatment (N=39)

to the exercise group or the control group in a 2:1 ratio in the order of enrollment. Patients

completed questionnaires and underwent assessment of the outcome variables at the start of

chemotherapy and upon completion of treatment.

Results: A fivefold lower possibility of dose adjustment in the exercise group compared to the

control group was demonstrated (OR, 0.188; p=0.023; 95% CI, 0.044–0.793). A significantly

smaller proportion of the exercise group had grade 3 or 4 nausea (p=0.018) and neurotoxicity

(P=0.024) symptoms. Muscle to fat ratios were significantly reduced in the control group

(p=0.039), but not in the exercise group (p=0.742). Serum levels of leptin were significantly

increased in the control group (p=0.038), but not in the exercise group (p=0.073). Serum levels

of adiponectin were significantly increased in the exercise group (p=0.026) but tended to be

decreased in the control group with no statistical significance (p=0.418).

Conclusions: Exercise training among patients with colorectal cancer was found to have

a beneficial impact on adjuvant treatment completion rates and treatment-associated toxi-

cities. This program was also shown to be beneficial to patients’ body compositions and

serum levels of adipokines.

Keywords: exercise, chemotherapy, adjuvant, chemoradiotherapy, adjuvant, colorectal

neoplasms, body composition, adipokines

Introduction
Colorectal cancer (CRC) accounts for 10% of the prevalence of all types of cancers,

with approximately 600,000 deaths worldwide per annum.1 Adjuvant treatment after

curative resection of locally advanced CRC has been considered as standard care, since

a study investigating a regimen of treatment with 5-fluorouracil plus levamisole for

a year was published in the early 1990s.2 After several clinical trials in the 2000s,

a 6-month chemotherapeutic regimen of fluoropyrimidine plus oxaliplatin (FOLFOX)

has been established as standard adjuvant treatment in stage II with high risk and stage

III CRC patients.3
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Despite improved survival rates of patients with locally

advanced CRC due to established standard adjuvant

treatment,3 5-year recurrence rates of patients with stage

II or III CRC are still considerable: 20% and 30–50%,

respectively.4 Among several factors worsening cancer

recurrence, completion rates of adjuvant chemotherapy

have been shown to be a major prognostic factor.5

Efforts to confirm the non-inferiority of 3 months of treat-

ment to the current 6 months of treatment have been

ongoing6 to address concerns about considerable toxicities

and costs even with shortened duration of treatment (from

a year to 6 months); however, these attempts seem to have

reached an impasse.7 Thus, for now, the best strategy

appears to be the completion of the entire 6-month sche-

dule of standard adjuvant treatment.

Completion rates of adjuvant treatment in patients with

stage III CRC were reported not to reach 70% (66%).5

Fatigue and physical frailty were reported as major factors

related to incomplete adjuvant treatment in patients with

stage III CRC.8 Forty-six percent of patients undergoing

adjuvant chemotherapy for CRC report substantial general

weakness, which worsens during therapy.9 Several studies,

conducted among patients with breast cancer, prostate

cancer, and CRC, have demonstrated the beneficial effects

of exercise programs for physical fitness during adjuvant

chemotherapy.10,11 However, no study reported in English

has demonstrated the positive effect of exercise programs

on the completion rates of adjuvant treatment.

The primary aim of the current study was to investigate

the beneficial effect of physical exercise for patients

undergoing adjuvant chemotherapy, in terms of completion

rates and treatment-related toxicities. Additionally, we

evaluated the effect of physical exercise on body composi-

tion and serum levels of adipokines in patients undergoing

adjuvant chemotherapy.

Patients and methods
The present pilot, single-center, prospective controlled

study was approved by the institutional review board of

Korea University Guro Hospital (KUGH16034-001).

Blinding of patients was impossible, due to the nature of

this study comparing an exercise group with a controlled

group. From January 2016 to January 2017, we enrolled

patients with CRC who underwent curative resection fol-

lowed by adjuvant treatment. All patients were eligible if

they had histologically confirmed CRC; however, only

adenocarcinoma cases were enrolled. We excluded patients

with serious cardiopulmonary conditions, orthopedic

problems, glomerular filtration rates lower than 50 mL/

min per 1.73 m2, liver cirrhosis, Eastern Cooperative

Oncology Group performance status higher than 2 score,

or any history of other cancers.

Patients were recruited from a CRC multidisciplinary

care center. After providing informed consent to possibly

eligible patients, we completed baseline characteristics

assessments. For every two patients assigned to the exer-

cise group, one patient was assigned to the control group

in the order of enrollment in the study. Flow chart of

participant inclusion in the study is shown in Figure 1.

Education and counseling for the exercise program

were conducted before admission for adjuvant treatment.

The program comprised 50 min of home-based exercise

three times a week during adjuvant treatment. In addition

to exercise education, written information and logbooks

were distributed to be utilized in home-based exercise.

Patients recorded the amount and intensity of exercise,

and discomfort during exercise in the logbooks; thus, we

were able to re-establish the intensity of exercise every

two weeks.

To enhance core muscle and cardiopulmonary function,

aerobic and anaerobic exercises were alternately per-

formed. Considering that most cancer patients are rela-

tively old and have significant physical differences,

exercise strength was not allowed to exceed 11–14 points

by the Borg rating of perceived exertion scale.12 For

patients with poor performance status due to side effects

of surgery, the intensity of exercise was reduced further,

and gradually implemented. The 5-min exercise program

consisted of 10 min of warm-up core stretching, 30 min of

alternating exercise (aerobic and anaerobic), and 10 min of

wrap-up core stretching.

For warming up for 10 min, the stretching focused on

the core parts (belly, spine, thigh, and buttock). Its moves

were sit and press both knees, grab one leg and bend

forward, cross legs and turn the upper body, prostrate

and raise the upper body, cat pose, and lie down and

twist waist.

The main exercise, which was 30 min, proceeded as

a circular workout composed of a series of aerobic and

anaerobic exercises, designed to enhance the full-body

muscles and cardiopulmonary functions which had been

downgraded by surgery and anticancer chemotherapy. The

aerobic exercises were walking, march step, V-step, step

touch, skip step, and kick step, and the anaerobic exercises

were stand on one leg, lunge, arm curl, squat, lateral raise,

and leg raise. Two sets of total 12 aerobic and anaerobic
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moves were implemented with each move done for

a minute and with breaks of 5 or 6 min in between. The

main exercise, which is a circular workout, alternated

aerobic and anaerobic exercises.

The wrap-up exercise, which lasted 10 min, adopted

the same program as for warm-up, the stretching in the

core parts (belly, spine, thigh, and buttock).

Enrolled patients completed questionnaires and under-

went assessment of the outcome variables at the start of

chemotherapy and completion of treatment. The primary

outcomes were completion rates of adjuvant treatment; it

was defined as failure to complete treatment when adju-

vant treatment was terminated prematurely, or when the

dose of chemotherapeutic drugs was reduced beyond the

standard dose calculated by body surface area, regardless

of the rate of reduction.

The secondary outcomes included treatment-related

toxicities, serum levels of adipokines, and body composi-

tion. The treatment-related toxicities were classified by

grades 0–4 according to the common toxicity criteria

guidelines. Serum levels of adipokines including adipo-

nectin and leptin were analyzed using the human Leptin

ELISA kit (R&D systems Co., Abingdon, UK) and human

Adiponectin ELISA kit (R&D systems Co.). Body compo-

sition was measured with cross-sectional images taken by

computed tomography at the level of the inferior surface

of the third lumbar vertebra (L3), since several data have

shown that subcutaneous fat area (SFA) and skeletal mus-

cle area (SMA) measured at the L3 level are most closely

correlated with whole body subcutaneous fat volume and

skeletal muscle volume, respectively.13 A multi-detector

computed tomography scanner (SOMATOM Definition

AS+, Siemens Healthcare, Erlangen, Germany) was used

to take 2-mm thick axial images. The SFA and SMA of

cross-sectional images were measured using Image J (ver.

1.80; National Institutes of Health, Bethesda, MD, USA),

and muscle to fat ratio (MFR) was calculated by dividing

the SMA by the SFA (Figure 2). Height was measured

using a digital stretcher DS-102 (JENIX, Seoul, Korea),

and the vertical distance from the sole to the apex was

measured after taking the upright posture so that the sub-

ject’s eyes and jaw were horizontal.

Since this study was a pilot controlled study, the sam-

ple size was fixed by the number of patients enrolled

during the study period (between January 2016 and

January 2017). Different completion rates of chemother-

apy between the exercise group and the control group were

assessed by binary logistic regression methods. We also

assessed the differences in chemotherapy completion rates,

toxicities related to chemotherapeutic agents, and other

Assessed for recruitment, n=65

Assigned, n=42

Excercise group 
allocated, n=27

Controlled group
allocated, n=15

Controlled group
 analyzed, n=14
Lost to follow-up, n=1

Excercise group
 analyzed, n=25
Lost to follow-up, n=2

Excluded, n=23
 time burdening, n=11
 travel distance, n=7
 ineligibility, n=5

Figure 1 Flow chart of participant inclusion in the study.
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clinical parameters between both groups by using the chi-

square test. In order to measure changes in serum levels of

adipokines and body compositions before and after che-

motherapy, a paired t-test was performed in each group. To

compare the changes in adipokines and body compositions

between both groups, we performed an independent t-test.

We considered a p-value <0.05 as statistically significant.

All statistical analyses were performed using SPSS version

20.0 for Windows (IBM, Armonk, NY, USA).

Results
Between January 2016 and January 2017, 65 CRC patients

who underwent curative resection and were scheduled to

receive adjuvant treatment were considered for enrollment

in this study. Forty-two patients were recruited and pro-

vided written informed consent. Reasons for non-

participation (n=23) were the time burden (n=11), travel

distance (n=7), and ineligibility (n=5). Twenty-seven

patients were assigned to the exercise group, two of

whom were lost to follow-up during treatment. Fifteen

patients were assigned to the control group, one of whom

was lost to follow-up during treatment. Only 11 and 5

patients in the exercise and control groups, respectively,

agreed to undergo the serum analysis. Baseline character-

istics of the study patients (N=39) are presented in Table 1.

The entire population was Korean or Korean Chinese, and

had a median age of 58 (range, 41–77) years. The clinical

parameters including age, sex, body surface area, body

mass index, performance status, tumor markers, and

genetic mutations were not significantly different

between the exercise and control groups; age: 59.8±10.2

vs 60.0±8.6, p=0.923, body surface area: 1.63±0.15 vs

1.66±0.20, p=0.543, body mass index: 22.3±2.9 vs 23.4

±3.3, p=0.279.

The majority of patients had stage II or III disease

(95%), and received only adjuvant chemotherapy (87%)

rather than concurrent chemo-radiation therapy (CCRT)

followed by chemotherapy (13%); and chemotherapy
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C D
MFR After/Before ratio
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1.4

P=N/S

Before
After

Control
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*P=0.039 *P=0.047
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Figure 2 (A and B) Subcutaneous fat area (SFA) and skeletal muscle area (SMA) of cross-sectional images, marked in green and red, respectively, were measured by using

Image J (ver. 1.80, National Institutes of Health). (C) Muscle to fat ratio (MFR) was calculated by dividing the SMA by the SFA. MFRs were significantly reduced during the

adjuvant treatment in the control group, but not in the exercise group. (D) MFR changes before and after adjuvant treatment were significantly different between the control

and exercise groups. *p<0.05.
Abbreviation: N/S, not significant.
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regimen as FOLFOX (87%) rather than 5-fluorouracil/

leucovorin (5FU/LV) (13%). Regardless of whether the

patients received only chemotherapy or CCRT followed

by chemotherapy, the duration of treatment was generally

6 months, and no significant difference in timing of

treatment initiation was observed.

Information on adjuvant treatment completion rates is

presented in Table 2. In total, 13 patients (33%) failed to

Table 1 Baseline characteristics of the study patients (N=39)

No. of patients (%) Intervention, n (%) P

Exercise Control

Age, years <65 26(67) 19(49) 7(18) 0.098

≥65 13(33) 6(15) 7(18)

Sex Male 18(46) 14(36) 4(10) 0.099

Female 21(54) 11(28) 10(26)

BSA, m2 <1.6 12(31) 8(21) 4(10) 0.824

≥1.6 27(69) 17(44) 10(26)

BMI, kg/m2 <18 4(10) 2(5) 2(5) 0.535

≥18 35(90) 23(59) 12(31)

Location Rt. colon 7(18) 5(13) 2(5) 0.842

Lt. colon 20(51) 12(31) 8(21)

Rectum 12(31) 8(21) 4(10)

Pathology well 0(0) 0(0) 0(0) 0.177

moderate 36(92) 22(56) 14(36)

poorly 3(8) 3(8) 0(0)

Stage I 2(5) 1(3) 1(3) 0.882

II 16(41) 10(26) 6(15)

III 21(54) 14(36) 7(18)

Operation AR 18(46) 10(26) 8(21) 0.698

LAR 10(26) 7(18) 3(8)

Total colectomy 1(3) 1(3) 0(0)

Hemicolectomy 10(26) 7(18) 3(8)

CCRT None 34(87) 22(56) 12(31) 0.838

Yes 5(13) 3(8) 2(5)

ADJ chemo 5FU/LV 5(13) 3(8) 2(5) 0.838

FOLFOX 34(87) 22(56) 12(31)

Performance ECOG 0 39(100) 25(64) 14(36) N/A

ECOG 1 0(0) 0(0) 0(0)

CEA <5 ng/mL 35(90) 23(59) 12(31) 0.535

≥5 ng/mL 4(10) 2(5) 2(5)

CA 19–9 <36 U/mL 38(97) 24(62) 14(36) 0.448

≥36 U/mL 1(3) 1(3) 0(0)

KRAS Wild type 18(60) 15(50) 3(10) 1

Mutant 12(40) 10(33) 2(7)

NRAS Wild type 29(97) 24(80) 5(17) 0.649

Mutant 1(3) 1(3) 0(0)

Abbreviations: BSA, body surface area; BMI, body mass index; AR, anterior resection; LAR, lower anterior resection; CCRT, concurrent chemo-radiation therapy; ADJ

chemo, adjuvant chemotherapy; 5FU/LV, 5-fluorouracil/leucovorin; FOLFOX, fluoropyrimidine plus oxaliplatin; ECOG, Eastern Cooperative Oncology Group; CEA,

carcinoembryonic antigen; CA 19-9, carbohydrate antigen 19-9; N/A, not applicable.
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complete treatments, and the reasons for dose reduction or

premature termination included grade 3 or 4 neurotoxicity,

neutropenia, and neutropenic fever. Compared with the

control group, a significantly lower proportion of the exer-

cise group failed to complete the prescribed regimen (57%

and 20%, respectively, p=0.018). Binary logistic regression

analysis demonstrated an approximately fivefold lower pos-

sibility of failure to complete in the exercise group com-

pared with the control group (odds ratio, 0.188; 95%

confidence interval: 0.044–0.793; p=0.023).

Effects of exercise intervention on treatment-related

toxicities are shown in Table 2. Compared with the control

group, a significantly smaller proportion of the exercise

group had grade 3 or 4 nausea symptoms (71% and 32%,

respectively, p=0.018). Compared with the control group,

a significantly lower proportion of the exercise group had

grade 3 or 4 neurotoxicity symptoms (50% and 16%,

respectively, p=0.024). A higher proportion of the control

group tended to complain of severe anorexia, but this did

not approach statistical significance (p=0.052).

Effects of the exercise intervention on body composition

and serum levels of adipokines during adjuvant treatment

are shown in Table 3, and Figures 2 and 3. MFRs were

significantly reduced during adjuvant treatment in the con-

trol group, but not in the exercise group (p=0.039 and

0.742, respectively). The reduction rate of MFRs during

Table 2 Effect of exercise intervention on chemotherapy completion rates and treatment-related toxicities

No. of patients (%) Intervention, n (%) P

Exercise Control

Dose reductions or premature termination None 26(67) 20(51) 6(15) 0.018

Required 13(33) 5(13) 8(21)

Nausea gr0-2 21(54) 17(44) 4(10) 0.018

gr3-4 18(46) 8(21) 10(26)

Anorexia gr0-2 37(95) 25(64) 12(31) 0.052

gr3-4 2(5) 0(0) 2(5)

Neutropenia gr0-2 30(77) 21(54) 9(23) 0.161

gr3-4 9(23) 4(10) 5(13)

Thrombocytopenia gr0-2 26(67) 17(44) 9(23) 0.813

gr3-4 13(33) 8(21) 5(13)

Neurotoxicity gr0-2 28(72) 21(54) 7(18) 0.024

gr3-4 11(28) 4(10) 7(18)

Mucositis gr0-2 32(82) 21(54) 11(28) 0.672

gr3-4 7(18) 4(10) 3(8)

Abbreviation: gr, grade.

Table 3 Effect of exercise intervention on body compositions and serum levels of adipokines in patients undergoing adjuvant

treatment

Intervention (N) At start of ADJ Tx At completion of ADJ Tx P

Mean (SD) Mean (SD)

MFR (SMA/SFA) Exercise (25) 0.98 (0.45) 0.97(0.37) 0.742

Control (14) 0.92 (0.28) 0.81(0.26) 0.039

Leptin (pg/mL) Exercise (11) 459.6 (273.7) 530.9 (262.8) 0.073

Control (5) 490.7 (188.8) 707.9 (291.2) 0.038

Adiponectin (pg/mL) Exercise (11) 162.5 (7.5) 164.5 (6.2) 0.026

Control (5) 168.1 (5.0) 165.8 (6.7) 0.418

Abbreviations: MFR, muscle to fat ratio; SMA, skeletal muscle area; SFA, subcutaneous fat area; ADJ Tx, adjuvant treatment.
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adjuvant treatment was significantly greater in the control

group than in the exercise group (p=0.047). Serum levels of

leptin were significantly increased during adjuvant treat-

ment in the control group, but not in the exercise group

(p=0.038 and 0.073, respectively). Serum levels of adipo-

nectin were significantly increased during adjuvant treat-

ment in the exercise group, but tended to be decreased in

the control group with no statistical significance (p=0.026

and 0.418, respectively). The rate of increase of serum

levels of leptin during treatment was not significantly dif-

ferent between both groups (p=0.535). The changes in

serum levels of adiponectin during treatment were not sig-

nificantly different between both groups (p=0.169).

Regardless of whether the patients received the exercise

program or not, body surface area, body mass index, and

serum levels of CEA and CA 19-9 were not changed sig-

nificantly from start to completion of treatment.

Discussion
Five-year recurrence rates among patients with locally

advanced CRC are still noticeable, despite improved out-

comes by standard adjuvant treatment,4 and are closely

associated with failure to complete adjuvant treatment as

prescribed regimens.5 Given that physical exercise has

a beneficial effect on fatigue and general weakness

which are the main reasons for failure to complete adju-

vant treatment,8 we designed this study to investigate the

positive association between exercise program and com-

pletion rates of adjuvant treatment and demonstrated it

among CRC patients who underwent curative resection.

To the best of our knowledge, this is the first pilot, single-

center, prospective study in English on the subject. Also,

we identified that exercise favorably affects treatment

associated toxicities including nausea and neuropathy,

and this program was shown to be beneficial to patients’

body compositions and serum adipokine levels.

Physical function and quality of life were improved by

an 18-week exercise program in 57 patients with breast

cancer, lymphoma, testicular cancer, and CRC.14 In addi-

tion, Shariati et al reported that 36 CRC patients under-

going chemotherapy were found to experience reduction in

fatigue by conducting 40 min exercise programs imple-

mented thrice weekly for 4 weeks.15 A few previous trials

including these two studies demonstrated that exercise
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Figure 3 (A) Serum levels of leptin were significantly increased during adjuvant treatment in the control group, but not in the exercise group. (B) Serum levels of

adiponectin were significantly increased during adjuvant treatment in the exercise group, but tended to be decreased in the control group. (C and D) Changes in serum

levels of both leptin and adiponectin before and after adjuvant treatment were not significantly different between the control and exercise groups. *p<0.05.
Abbreviation: N.S, not significant.
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could reduce the main causes of delayed treatment or

abandonment of chemotherapy schedule,8,14,15 while the

current study demonstrated the direct effect of the exercise

program on completion rates of adjuvant treatment. There

have been a few subgroup analyses16 which suggest that

the beneficial effects of exercise result in improved survi-

val outcomes, although cogency of subgroup analysis is

somewhat diminished. Further well-designed studies with

a sufficient follow-up period are needed to prove it.

Anti-cancer treatment results in decreased muscle mass,

accumulation of abdominal fat tissue, and reduction of aerobic

capacity and joint operating range, while sarcopenia increases

physical dysfunction,17 duration of hospitalization,18 rates of

hospital-acquired infection,19 and chemotherapy-related

toxicities.20 Muscle mass itself is even proposed as an impor-

tant indicator for reduced toxic side effects of chemotherapy,21

and muscle mass evaluation is recommended to be quantified

by computed tomography images as done in the current

study.22 In this study, unlike the control group, there were no

significant reductions inMFR in the exercise group, indicating

that the muscle mass had been kept constant through exercise

while undergoing adjuvant treatment for about 6 months.

Compared to a previous study,14 which even showed increased

muscle mass by exercise during the treatment period, the

results of this study may be disappointing; however given

that the study patients were comparatively old, it seemed

obvious that the exercise program had been effective.

Adipokines or adipocytokines, which include leptin

and adiponectin, are substances secreted mainly from

adipose tissue, and have been known to have effects on

obesity, insulin resistance, type 2 diabetes, and metabolic

syndrome.23 Recently, some adipokines including leptin,

adiponectin, tumor necrosis factor-alpha, interleukin

(IL)-6, IL-8, and IL-10 were reported to be engaged in

cell proliferation, angiogenesis and cancer cell

development.24 Leptin affects insulin, tumor necrosis

factor-alpha, glucocorticoid, reproductive hormones, and

prostaglandin, stimulating the growth of not only normal

cells but also cancer cells.25 Leptin was reported to be

overexpressed in CRC cells, promote the proliferation of

colonic epithelial cells, and reduce CRC cell death.26 On

the other hand, adiponectin, in combination with its

receptors, is reported to activate downstream target 5ʹ

AMP-activated protein kinase to inhibit gluconeogenesis

and promote oxidation of fatty acids, increasing insulin

sensitivity.27 In addition, adiponectin is known to have

preventive effects on arteriosclerosis and inflammation,27

and was shown to inhibit proliferation of colonic cells

through the 5ʹ AMP-activated protein kinase pathway and

mTOR signaling pathway.28 A few studies reported that

the serum levels of adiponectin are inversely correlated

with the number of colorectal adenomas.29 In the current

study, serum levels of leptin were significantly increased

in the control group, but not in the exercise group, and

those of adiponectin were significantly increased during

adjuvant treatment in the exercise group, but tended to be

decreased in the control group with no statistical

significance.

The current study has a few limitations. First, this study

was performed in a single center. However, this limitationmay

in fact be advantageous, because the same testing equipment

and consistent standard of analysis were used in this single

center. Second, this study enrolled a relatively small sample

size, which is a common limitation of pilot studies. Unlike the

general population of CRC patients, only 33% of the final

sample was age 65 or older, which might be due to the small

sample size. Some of the non-significant findings in this study

also could be due to this limitation. We calculated proper

sample size for a future randomized controlled trial by

G*Power 3.1.9.4 software,30 assuming a moderate effect of

exercise program on treatment completion rates, according to

Cohen with 0.378 effect size.31 We used the power of 0.8 and

alpha =0.05, applied in two groups (exercise group and control

group) analyzing the results by a two-way Fisher’s exact test.

Expecting a sample loss of about 20%, we suggest including

32 individuals in each group for the future study.

Conclusion
In this study, exercise training for patients who underwent

curative resection of CRC improved adjuvant treatment

completion rates and treatment-associated toxicities,

including nausea and neuropathy. Additionally, the current

study suggests that exercise has beneficial effects on

patients’ body compositions and serum levels of

adipokines.

Practical implications
● Physical exercise may be a beneficial method to improve

adjuvant treatment completion rates in patients with col-

orectal cancer.
● To prevent treatment-associated toxicities, including nau-

sea and neuropathy, exercise training would be effective

intervention.
● Exercise appears to have a beneficial effect on patients’

body compositions and serum levels of adipokines.
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