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Article 
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on Exercise Guidelines for Cancer Survivors 
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2 Department of Professional Sports Instruction, Taegu Science University, Daegu, Republic of Korea 
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Abstract 

We conducted this study to identify factors that are associated with the improved clinical benefit of 
a 6-week exercise rehabilitation (ER) program during radiotherapy (RTx) in breast cancer survivors 
(BCS). In a total of 95 BCS (n=95), we performed a 6-week course according to the American College 
of Sports Medicine (ACSM) guidelines. Through a retrospective review of the medical records, we 
analyzed the clinical and sociodemographic characteristics. We assessed the patient outcomes using 
the EORTC QLQ-C30, EORTC QLQ-BR23 and Fatigue Severity Scale (FSS) and did the 
cardiopulmonary functions using a heart rate based, indirect method. We analyzed changes in 
outcome measures (EORTC QLQ C30 scores, EORTC QLQ BR23 scores, FSS scores and VO2max) at 
6 weeks as compared with baseline. There were significant differences in the EORTC QLQ C30 scores 
on the QOL and functional scales, the EORTC QLQ BR 23 scores on the functional and symptom 
scales and the VO2max between baseline and at 6 weeks. Patients with higher education level 
undergoing axillary lymph node dissection (ALND) achieved better treatment outcomes of a 6-week 
ER program. But the age was not associated with the clinical benefit. The exercise program was 
effective in improving the QOL, cancer-related symptoms and cardiopulmonary functions, but it was 
not effective in improving the breast cancer-related symptoms. Moreover, the ALND and a higher 
level of education were associated with the increased clinical benefit of the exercise program during 
RTx. 

Keywords: breast cancer survivors; exercise rehabilitation program; cancer-related fatigue; quality of 
life; axillary lymph node dissection; radiotherapy; chemotherapy 
 

1. Introduction 

Breast cancer (BC) is the most common cancer and the leading cause of cancer death in women 
worldwide.[1] In the United States (US), 310,720 women are estimated to be diagnosed with BC in 
2024.[2] It continues to rank second, after lung cancer, as a cause of cancer death in women in the US, 
and it is a leading cause of premature mortality for women.[3] BC deaths contribute significantly to 
years of potential life lost, with an average of approximately 19 years of life lost per death. This 
suggests that women who die from BC are, on average, losing nearly two decades of their potential 
lifespan.[4] Even though mortality from BC has declined steadily since 1990, largely due to 
improvements in early detection and treatment, an estimated 42,250 women are still expected to die 
from BC in the US in 2024, according to the American Cancer Society.[5] Almost 1.4 million women 
were diagnosed with BC worldwide in 2008 and approximately 459,000 deaths were recorded.[6] Its 
prevalence has been reported to be higher in more developed countries compared to less developed 
ones according to the World Health Organization (WHO) World 2000 Standard Population 
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(71.7/100,000 vs. 29.3/100,000). Moreover, cancer mortality per 100,000 persons was 17.1 and 11.8 in 
the corresponding order.[7] Due to such factors as the early detection, accessibility to treatment 
services and cultural background, there is also a difference in the estimated 5-year survival between 
more developed and less developed ones; it was almost 90% in the US, Australia or Canada and 12% 
in some African areas. Moreover, with the recent introduction of population-based cancer screening 
program using a mammography and the systemic use of adjuvant therapies, there have been 
improvements in BC survival in more developed countries.[7–9]  

BC is one of the most common female malignancies. Despite developments in surgical 
techniques and the prevalent use of breast-conserving surgeries, breast cancer survivors (BCS) 
remain at risk of developing post-operative complications arising from functional impairment and 
pain.[10–12] That is, they are vulnerable to sequelae and other health problems on the affected side, 
which may greatly affect the physical status and quality of life (QOL).[13,14] Recently, there has been 
an increased interest in the QOL in BCS. It has been reported that their physical status and QOL are 
subject to adjuvant therapies such as chemotherapy (CTx), hormone therapy (HTx) and radiotherapy 
(RTx). It remains a great concern, however, that BCS are vulnerable to their complications, such as 
cancer-related fatigue (CRF) and cardiopulmonary dysfunction (CD), both of which should be 
reduced for the purposes of improving the physical status and the QOL.[15,16] 

According to a Cochrane database review, the exercise rehabilitation (ER) program combined 
with the postoperative adjuvant therapy was effective in improving the physical fitness and daily 
activities in BCS.[17] In addition, according to a meta-analysis of published studies, a supervised 
aerobic exercise program was effective in significantly reducing the CRF.[18]  

In patients with BC, their physical status and QOL as well as the outcomes of exercise program 
are also subject to their underlying clinical characteristics such as a past history of taking CTx or HTx 
and the presence of lymphedema (LE). Moreover, their QOL is also subject to sociodemographic 
characteristics such as the age, employment status or education level of patients with BC.[19] 

Given the above background, we have aĴempted to perform an ER based on the American 
College of Sports Medicine (ACSM) Roundtable on Exercise Guidelines for Cancer Survivors in BCS 
in Korea. In this study, we analyzed the clinical and sociodemographic characteristics improving the 
feasibility of ER program during RTx in them. 

2. Materials and Methods  

2.1. Study Patients 

Between January 1 and December 31, 2024, a total of 710 BCS received RTx at a tertiary medical 
institution in Korea. Of these, 456 patients were recommended to undergo ER. 

In these patients, we analyzed clinical and sociodemographic characteristics such as education 
level (low level [≤ high school graduate] or high level [≥ college or university graduate]), employment 
status, marital status, the type of axillary surgery (axillary lymph node dissection [ALND], sentinel 
node biopsy [SNB]) or lymph node dissection) and the involvement of dominant side (dominant or 
non-dominant side).  

Inclusion criteria for the current study are as follows: 
(1) Adult women aged 18 years or older 
(2) The patients with BC who underwent surgery 
(3) The patients who started adjuvant radiotherapy 
(4) The patients who wanted to regain or improve physical functions, aerobic capacity, strength, 

flexibility, body image, body composition and QOL 
(5) The patients who wanted to physically or psychologically tolerate any current and/or future 

cancer treatments or anxiety due to living with current or recurrent disease 
(6) The patients who were in need of the reduction of long-term and late effects of cancer 

treatment 
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(7) The patients who were in need of the potential delay in any recurrence or progress of the 
disease. 

Exclusion criteria for the current study are as follows: 
(1) The patients who concurrently had major health problems that may affect the study 

participation 
(2) The patients with uncontrolled hypertension or other cardiovascular diseases 
(3) The patients with acute or chronic respiratory diseases 
(4) The patients with acute arm and shoulder problems for upper body exercises 
(5) The patients with extreme fatigue, anemia or ataxia 
(6) The patients with cognitive dysfunction 
(7) The patients who are deemed to be ineligible for study participation according to our 

judgment. 
We finally enrolled a total of 95 BCS (n=95), all of whom submiĴed a wriĴen informed consent. 

The current study was approved by the Internal Institutional Review Board (IRB) of the Public 
Institutional Bioethics CommiĴee designated by the Korean Ministry of Health and Welfare.  

2.2. ER Program 

According to the ACSM guidelines, the patients received a 6-week course of a 1-hr exercise 
program, comprising a 5-min warm-up, 5-min stretching, a 30-min aerobic exercise using an a bicycle 
ergometer (Ergoselect 200K, Ergoline, Biĵ, Germany), a 15-min resistance exercise using a latex 
exercise band (Thera-band®, Hygenic co., Ohio) and a 5-min cool-down, five times/week for 60 
minutes/day.[20,21] The patients were initially recommended to perform aerobic exercise with 40% 
of peak oxygen uptake (VO2max) followed by a progressive increase in it up to 75%. In addition, the 
resistance exercise consists of six different exercises, each of which was repeated 8-12 times. 

2.3. Patients’ Self-Reporting Questionnaire Survey 

2.3.1. European Organization for Research and Treatment of Cancer Quality of Life Questionnaire 
core (EORTC QLQ-C30) and breast module (EORTC QLQ-BR23) 

We used both the EORTC QLQ-C30 and EORTC QLQ-BR23 in assessing the QOL in our clinical 
series of patients. 

The EORTC QLQ-C30 include the following items: 
(1) A global health and quality-of-life scale 
(2) Functional scales (physical, role, cognitive, emotional and social functions) 
(3) Symptom scales (fatigue, pain, nausea and vomiting). 
In addition, the EORTC QLQ-BR23 include the following items: 
(1) Functional scales (body image and sexual function) 
(2) Symptom scales (arm and breast symptoms and systemic adverse effects).  

2.3.2. Fatigue Severity Scale (FSS) 

We used the FSS in assessing the severity of CRF that is measured using nine items on a 7-point 
scale. Thus, we aĴempted to evaluate the patients’ conditions during the past week. 

2.4. Evaluation of Cardiopulmonary Functions 

We used the submaximal exercise test with a heart rate based, indirect method to assess the 
cardiopulmonary functions based on a step-incremental continuous test protocol. Thus, we 
aĴempted to control the patients’ heart rate within 10 BPM of 85% of the mean maximal heart rate 
(MHR), for which we used both a bicycle ergometer (Ergoselect 200K, Ergoline, Biĵ, Germany) and 
a heart rate monitor (Polar sport tester, Polar, Finland). We evaluated the patients’ cardiopulmonary 
functions based on the VO2max. 
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2.5. Outcome Measures 

We analyzed changes in outcome measures (EORTC QLQ C30 scores, EORTC QLQ BR23 scores, 
FSS scores and VO2max) at 6 weeks as compared with baseline. 

2.6. Subgroup Analysis 

Based on a cut-off value of 50 years old, we divided our clinical series of patients into two 
subgroups: the 50 years or older group and the 50 years or younger group. 

2.7. Statistical Analysis 

Statistical analysis was done using the SPSS version 16.0 (SPSS, Inc., Chicago, IL). All data was 
expressed as meanSD (SD: standard deviation). We used the paired t-test to analyze changes in 
outcome measures at six weeks as compared with baseline. In addition, we also used the independent 
t-test for univariate analysis to analyze the difference in outcome measures depending on underlying 
clinical or sociodemographic variables. Furthermore, we also used the analysis of covariance 
(ANCOVA) after the adjustment of underlying clinical or sociodemographic variables, thus 
aĴempting to estimate differences in outcome measures depending on such variables. Finally, we 
performed a multivariate analysis using the Cox regression model. A P-value of <0.05 was considered 
statistically significant. 

3. Results 

3.1. Baseline Characteristics 

We enrolled a total of 95 BCS (n=95), all of whom were women. The mean age of the patients 
was 44.59.11 years old. The study flow chart is shown in Figure 1. Moreover, baseline characteristics 
of the BCS are presented in Table 1.  

 

Figure 1. Study flow chart. 
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Table 1. Baseline characteristics. 

      Value (%) 

Age  

≤39  29 (30.5) 

40-49  43 (45.3) 

≥50  23 (24.2) 

Gender  
Male  0 (0) 

Female  95 (100) 

Level of education 
≤ High school graduate  42 (44.2) 

≥ College or university graduate  53 (55.8) 

Marital status 
Married  76 (80) 

Unmarried  19 (20) 

Employment status 
Employed  33 (34.7) 

Unemployed  62 (65.3) 

Chemotherapy  
(+)  42 (44.2) 

(-)  53 (55.8) 

Hormone therapy  
(+)  77 (81.1) 

(-)  18 (18.9) 

Lymphedema  
(+)  25 (26.3) 

(-)  70 (73.7) 

Type of axillary lymph node surgery  

SNB  48 (50.5) 

ALND  42 (44.2) 

LN dissection (-)  5 (5.3) 

Abbreviations: SNB, sentinel node biopsy; ALND, axillary lymph node dissection; LN, lymph node. 

3.2. Outcome Measures 

As shown in Table 2, there were significant differences in the EORTC QLQ C30 scores on the 
QOL and functional scales, the EORTC QLQ BR 23 scores on the functional and symptom scales and 
the VO2max between baseline and at 6 weeks (P<0.05). 

Table 2. The quality of life, cancer-related fatigue and cardiopulmonary functions. 

  Baseline 6 weeks Change at 6 weeks from baseline 

EORTC 

QLQ C30 

Global health/QOL scale 55.7±18.6 65.0±19.0* 9.3±17.3 

Functional scales 71.5±13.4 74.3±13.4* 2.8±10.1 

Symptom scales 23.0±10.7 21.7±12.4 -1.3±10.8 

EORTC 

QLQ BR 23 

Functional scales 72.8±16.6 79.2±15.8* 6.5±14.4 

Symptom scales 24.9±14.8 33.9±22.1* 9.0±21.1 

FSS 13.6±16.3 13.3±16.6 -0.2±8.2 

VO2max 24.6±6.4 30.1±9.4* 5.5±8.8 

Abbreviations: EORTC QLQ C30, European Organization for Research and Treatment of Cancer 30- 
item core quality of life questionnaire; QOL, quality of life; EORTC QLQ BR 23, EORTC breast cancer-
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specific quality of life questionnaire; FSS, Fatigue Severity Scale. Values are mean±standard deviation. 
*Bold numbers represent significant differences at P-value of < 0.05 by paired t-test. 

3.3. Correlations Between Outcome Measures and Clinical/Sociodemographic Characteristics on Univariate 
Analysis 

There was a significant difference in the EORTC QLQ BR 23 scores on the symptom scale 
between baseline and at 6 weeks in the patients who did not undergo CTx. There was a significant 
difference in the FSS scores between baseline and at 6 weeks in the patients who underwent ALND. 
There were significant differences in the EORTC QLQ C30 scores on the QOL and symptom scales in 
the patients with a higher level of education. There was a significant difference in the EORTC QLQ 
C30 scores on the symptom scale between baseline and at 6 weeks in the employed patients (Tables 
3–10). 

Table 3. Correlations between outcome measures and chemotherapy on univariate analysis. 

 Baseline 6 weeks 
Change at 6 weeks from 

baseline 

CTx (+) CTx(-) CTx (+) CTx(-) CTx (+) CTx(-) 

EORTC QLQ C30 

Global health 

/QOL 
54.0±20.1 57.9±15.4 62.2±20.9 70.7±13.4* 8.2±19.7 12.8±10.9 

Functional 69.1±14.2 76.1±9.9* 71.3±13.9 80.1±10.4 2.2±11.5 3.9±6.7 

Symptom 23.5±10.6 21.3±10.1 23.5±12.4 17.3±10.4* -0.1±12.2 -4.0±7.1 

EORTC QLQ BR 23 
Functional 72.1±18.1 74.5±13.9 76.7±15.3 82.9±16.6 4.6±14.9 8.5±12.4 

Symptom 26.2±15.9 22.47±12.3 39.9±23.5 22.5±12.7* 13.8±22.9 0.2±12.1*† 

FSS 18.6±17.8 3.4±3.0* 17.9±17.9 4.3±7.6* -0.7±9.5 0.9±4.9 

VO2max 23.4±6.9 26.8±4.5* 29.5±10.7 31.0±5.8 6.0±10.4 4.2±3.8 

Abbreviations: CTx, chemotherapy; EORTC QLQ C30, European Organization for Research and 
Treatment of Cancer 30- item core quality of life questionnaire; QOL, quality of life; EORTC QLQ BR 
23, EORTC breast cancer-specific quality of life questionnaire; FSS, Fatigue Severity Scale. Values are 
mean±standard deviation. *Bold numbers represent significant differences at P-value of < 0.05 by 
paired t-test. † Bold numbers represent significant differences at P-value of < 0.05 by ANCOVA 
adjusting for baseline measures. 

Table 4. Correlations between outcome measures and hormone therapy on univariate analysis. 

 Baseline 6 weeks 
Change at 6 weeks from 

baseline 

HTx (+) HTx(-) HTx (+) HTx(-) HTx (+) HTx(-) 

EORTC 

QLQ C30 

Global health/QOL 53.9±19.3 59.3±17.2 61.7±19.5 74.7±15.1* 7.8±18.1 15.4±15.4 

Functional 70.0±13.3 75.4±14.1 72.4±13.5 79.1±12.6 2.1±10.7 3.7±9.0 

Symptom 23.8±10.8 19.7±8.7 23.4±12.4 15.2±8.9* -0.4±11.8 -4.5±7.0 

EORTC 

QLQ BR 23 

Functional 71.4±16.5 76.4±17.7 77.1±15.7 83.6±16.2 5.7±14.5 7.2±13.8 

Symptom 26.4 ±15.1 20.9±13.8 37.3±22.9 26.7±17.1 10.9±22.6 5.9±16.9 

FSS 15.9±17.3 14.7±17.2* 14.7±17.2 10.2±15.0 -1.2±8.1 2.1±7.3 

VO2max 23.7±27.4 27.4±6.7* 29.4±10.2 31.9±6.2 5.7±9.8 4.5±4.4 

Abbreviations: HTx, hormone therapy; EORTC QLQ C30, European Organization for Research and 
Treatment of Cancer 30- item core quality of life questionnaire; QOL, quality of life; EORTC QLQ BR 
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23, EORTC breast cancer-specific quality of life questionnaire; FSS, Fatigue Severity Scale. Values are 
mean±standard deviation. *Bold numbers represent significant differences at P-value of < 0.05 by 
paired t-test. 

Table 5. Correlations between outcome measures and the type of axillary lymph node surgery on univariate 
analysis. 

 Baseline 6 weeks 
Change at 6 weeks from 

baseline 

ALND SNB ALND SNB ALND SNB 

EORTC 

QLQ C30 

Global health/QOL 52.7±19.5 57.2±18.2 59.6±20.6 68.3±18.2* 6.9±19.9 11.1±15.1 

Functional 67.4±16.5 73.6±9.7 69.9±14.1 75.6±11.9* 2.5±10.6 1.9±10.3 

Symptom 23.9±11.3 22.7±9.9 22.7±11.1 21.7±13.2 -1.2±7.9 -1.1±13.7 

EORTC 

QLQ BR 23 

Functional 69.2±18.8 75.2±15.3 75.8±14.9 79.5±16.7* 6.7±11.9 4.3±16.4 

Symptom 29.9±16.4 21.9±12.8 40.2±22.2 32.4±21.8* 10.3±20.7 10.4±23.0 

FSS 17.9±18.0 12.1±15.1 15.5±16.4 13.8±17.6 -2.4±7.8*† 1.7±8.9 

VO2max 23.5±6.9 24.9±6.2 30.1±12.8 29.4±5.4 6.6±12.2 4.5±5.3 

Abbreviations: ALND, axillary lymph node dissection; SNB, sentinel node biopsy; EORTC QLQ C30, 
European Organization for Research and Treatment of Cancer 30- item core quality of life 
questionnaire; QOL, quality of life; EORTC QLQ BR 23, EORTC breast cancer-specific quality of life 
questionnaire; FSS, Fatigue Severity Scale. Values are mean±standard deviation. *Bold numbers 
represent significant differences at P-value of < 0.05 by paired t-test. 

Table 6. Correlations between outcome measures and lymphedema on univariate analysis. 

 Baseline 6 weeks 
Change at 6 weeks 

from baseline 

LE (+) LE (-) LE (+) LE (-) LE (+) LE (-) 

EORTC QLQ 

C30 

Global health/QOL 52.2±20.5 56.2±18.2 59.7±24.8 66.5±16.9 7.5±20.4 10.3±16.7 

Functional 66.4±15.5 72.9±12.3 68.1±15.7 75.9±12.1 1.8±10.5 3.0±10.3 

Symptom 24.6±11.8 22.2±9.9 21.9±12.9 21.5±11.9 -2.7±10.8 -0.7±11.2 

EORTC QLQ 

BR 23 

Functional 68.4±20.5 74.4±15.4 76.4±17.3 79.3±15.4 8.0±13.9 4.9±14.4 

Symptom 28.7±15.2 23.8±14.8 40.1±26.1 32.9±20.6 11.5±24.2 9.2±20.4 

FSS 17.3±18.8 13.0±15.6* 14.8±16.6 13.6±16.9* -2.5±6.1 0.6±9.0 

VO2max 23.4±5.7 30.3±16.2 30.3±16.2 29.8±5.6 6.9±14.6 5.0±5.8 

Abbreviations: LE, lymphedema; EORTC QLQ C30, European Organization for Research and 
Treatment of Cancer 30- item core quality of life questionnaire; QOL, quality of life; EORTC QLQ BR 
23, EORTC breast cancer-specific quality of life questionnaire; FSS, Fatigue Severity Scale. Values are 
mean±standard deviation. *Bold numbers represent significant differences at P-value of < 0.05 by 
paired t-test. 
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Table 7. Correlations between outcome measures and the level of education on univariate analysis. 

 Baseline 6 weeks 
Change at 6 weeks from 

baseline 

Higher Lower Higher Lower Higher Lower 

EORTC QLQ 

C30 

Global health/QOL 54.9±17.6 55.4±20.5 69.9±17.7* 58.1±19.7 14.9±15.2*† 2.7±18.4 

Functional 73.4±12.4 68.4±14.4 77.4±11.4* 69.4±14.7 4.0±8.4 0.9±12.3 

Symptom 21.5±9.2 24.6±11.7 17.6±8.6* 26.7±14.0 -3.9±7.2*† 2.1±13.9 

EORTC QLQ 

BR 23 

Functional 74.8±16.9 70.4±16.9 80.7±15.1 75.8±16.6 6.0±11.3 5.5±17.4 

Symptom 23.2±14.1 27.3±15.9 29.8±19.6* 41.1±24.1 6.6±17.8 13.8±24.9 

FSS 11.5±14.9 17.6±18.0 11.8±15.0 16.6±18.6 0.3±8.9 -0.9±7.8 

VO2max 25.0±7.2 23.6±5.5 31.7±11.8* 27.7±4.6 6.6±11.1 4.1±4.9 

Abbreviations: EORTC QLQ C30, European Organization for Research and Treatment of Cancer 30- 
item core quality of life questionnaire; QOL, quality of life; EORTC QLQ BR 23, EORTC breast cancer-
specific quality of life questionnaire; FSS, Fatigue Severity Scale. Values are mean±standard deviation. 
*Bold numbers represent significant differences at P-value of < 0.05 by paired t-test. 

Table 8. Correlations between outcome measures and employment status on univariate analysis. 

 Baseline 6 weeks 
Change at 6 weeks from 

baseline 

Employed Unemployed Employed Unemployed Employed Unemployed 

EORTC 

QLQ C30 

Global 

health/QOL 
52.0±19.8 56.8±18.3 64.0±18.8 65.1±19.8 12.1±15.0 8.3±18.8 

Functional 70.8±13.6 71.4±13.5 74.4±13.2 73.6±12.7 3.6±9.2 2.2±10.9 

Symptom 22.5±10.2 23.1±10.6 17.7±9.5* 23.7±12.9 -4.8±8.3*† 0.6±11.9 

EORTC 

QLQ BR 23 

Functional 72.9±17.3 72.8±17.0 78.7±17.2 78.5±75.3 5.8±12.5 5.8±15.1 

Symptom 22.9±12.6 26.1±16.1 29.4±19.3 37.5±23.3 6.5±20.1 11.4±22.0 

FSS 10.2±14.6 16.2±17.1 10.1±14.9 15.9±17.4 -0.1±4.8 -0.3±9.8 

VO2max 25.8±6.4 23.7±6.5 30.3±6.2 29.7±10.8 4.5±3.7 6.0±10.7 

Abbreviations: EORTC QLQ C30, European Organization for Research and Treatment of Cancer 30- 
item core quality of life questionnaire; QOL, quality of life; EORTC QLQ BR 23, EORTC breast cancer-
specific quality of life questionnaire; FSS, Fatigue Severity Scale. Values are mean±standard deviation. 
*Bold numbers represent significant differences at P-value of < 0.05 by paired t-test. † Bold numbers 
represent significant differences at P-value of < 0.05 by ANCOVA adjusting for baseline measures. 
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Table 9. Correlations between outcome measures and marital status on univariate analysis. 

 Baseline 6 weeks 
Change at 6 weeks 

from baseline 

Married Unmarried Married Unmarried Married Unmarried 

EORTC QLQ 

C30 

Global health/QOL 54.0±19.0 60.6±18.0 62.8±19.7 72.5±17.0 8.8±18.1 11.9±16.2 

Functional 70.9±12.3 72.7±17.8 78.8±13.4 78.6±13.1 1.9±10.7 5.9±8.4 

Symptom 23.0±10.1 21.9±12.0 22.6±12.2 21.92±12.0 0.4±12.0 -3.9±5.0 

EORTC QLQ 

BR 23 

Functional 71.5±19.2 79.4±19.2 77.1±15.7 86.2±12.9* 5.6±14.4 6.8±14.0 

Symptom 25.2±13.8 24.0±19.5 36.8±22.8 27.5±19.5 11.6±21.8 3.5±18.8 

FSS 14.8±16.8 12.0±15.8 14.6±17.2 12.0±15.6 -0.3±8.7 0.0±7.4 

VO2max 24.5±5.8 24.2±9.2 30.0±10.1 30.4±6.7 5.4±9.3 6.2±7.7 

Abbreviations: EORTC QLQ C30, European Organization for Research and Treatment of Cancer 30- 
item core quality of life questionnaire; QOL, quality of life; EORTC QLQ BR 23, EORTC breast cancer-
specific quality of life questionnaire; FSS, Fatigue Severity Scale. Values are mean±standard deviation. 
*Bold numbers represent significant differences at P-value of < 0.05 by paired t-test. 

Table 10. Correlations between outcome measures and dominant side on univariate analysis. 

 

Baseline 6 weeks 
Change at 6 weeks 

from baseline 

Dominant 
Non-

dominant 
Dominant 

Non-

dominant 
Dominant 

Non-

dominant 

EORTC QLQ 

C30 

Global health/QOL 54.9±17.9 55.2±20.0 65.3±19.5 64.2±19.7 10.4±17.3 8.9±18.3 

Functional 69.3±12.1 72.9±14.6 72.6±11.8 74.8±14.9 3.3±8.9 1.9±11.6 

Symptom 23.3±10.0 22.6±11.0 21.0±9.8 22.4±14.1 -2.2±6.9 -0.2±13.9 

EORTC QLQ 

BR 23 

Functional 69.5±16.9 75.8±16.8 77.2±14.6 79.7±17.2 7.7±12.0 3.9±16.1 

Symptom 25.8±15.3 24.5±14.9 32.9±20.5 36.9±23.9 7.1±18.4 12.4±24.0 

FSS 12.9±16.0 15.6±17.1 14.0±17.0 14.1±16.8 1.1±8.8 -1.5±8.0 

VO2max 24.6±6.0 24.2±7.1 30.3±12.2 30.0±6.1 5.7±11.3 5.4±6.1 

Abbreviations: EORTC QLQ C30, European Organization for Research and Treatment of Cancer 30- 
item core quality of life questionnaire; QOL, quality of life; EORTC QLQ BR 23, EORTC breast cancer-
specific quality of life questionnaire; FSS, Fatigue Severity Scale. Values are mean±standard deviation. 

3.4. Correlations Between Outcome Measures and Clinical/Sociodemographic Characteristics on Multivariate 
Analysis 

There were significant differences in the EORTC QLQ-C30 scores on the QOL and symptom 
scales between baseline and at 6 weeks in the patients with a higher level of education. In addition, 
there were also significant differences in the EORTC QLQ-BR23 scores on the symptom scale between 
baseline and at 6 weeks in the patients who did not undergo CTx. Furthermore, there were also 
significant differences in the FSS scores between baseline and at 6 weeks in the patients who 
underwent ALND (Table 11). 
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Table 11. Correlations between outcome measures and clinical/sociodemographic characteristics on 
multivariate analysis. 

 Significant outcome measures 

EORTC QLQ C30 

Global health / QOL Education level (Higher > Lower)* 

Functional None 

Symptom Education level (Higher > Lower)* 

EORTC QLQ BR 23 
Functional None 

Symptom History of CTx (CTx(-) > CTx(+))* 

FSS Type of axillary lymph node surgery (ALND > SNB)* 

VO2max None 

Abbreviations: EORTC QLQ C30, European Organization for Research and Treatment of Cancer 30- 
item core quality of life questionnaire; QOL, quality of life; EORTC QLQ BR 23, EORTC breast cancer-
specific quality of life questionnaire; FSS, Fatigue Severity Scale; CTx, chemotherapy; ALND, axillary 
lymph node dissection; SNB, sentinel node biopsy. Values are mean±standard deviation. *Bold 
numbers represent significant differences at P-value of < 0.05 by paired t-test. † Bold numbers 
represent significant differences at P-value of < 0.05 by ANCOVA adjusting for baseline measures. 

3.5. Subgroup Analysis  

There were no significant differences in outcome measures between the two subgroups. That is, 
the age was not associated with the clinical benefit of the ER program (Table 12). 

Table 12. Results of the subgroup analysis. 

 Baseline 6 weeks 
Change at 6 weeks 

from baseline 
< 50 yrs ≥ 50 yrs < 50 yrs ≥ 50 yrs < 50 yrs ≥ 50 yrs 

EORTC QLQ 
C30 

Global health/QOL 58.8±12.2 52.0±22.0 72.3±17.1 58.6±22.7 13.5±16.0 6.6±16.3 
Functional 74.4±12.6 68.5±16.8 78.8±11.1 70.6±16.5 4.5±7.2 2.0±10.9 
Symptom 21.1±10.3 23.1±12.7 17.2±10.5 24.2±14.9 -3.9±7.0 1.1±14.6 

EORTC QLQ 
BR 23 

Functional 74.9±17.0 74.4±18.9 79.6±15.7 79.2±17.8 4.7±10.3 4.8±18.3 
Symptom 22.6±13.3 22.1±14.5 26.2±17.6 37.2±27.4 3.6±14.4 15.1±22.9 

FSS 12.9±17.8 12.8±15.7 12.2±16.1 11.9±15.8 -0.7±9.2 -1.0±4.3 
VO2max 24.9±7.5 22.9±5.8 30.2±6.3 30.2±17.0 5.3±4.9 7.3±15.2 

Abbreviations: EORTC QLQ C30, European Organization for Research and Treatment of Cancer 30- 
item core quality of life questionnaire; QOL, quality of life; EORTC QLQ BR 23, EORTC breast cancer-
specific quality of life questionnaire; FSS, Fatigue Severity Scale. Values are mean±standard deviation. 

4. Discussion 

To date, several randomized controlled studies have demonstrated the effects of exercise 
programs in improving the QOL, CRF and the physical and psychological status in BCS.[16,22] We 
conducted the current study to identify the clinical and sociodemographic characteristics that 
contribute to improving the treatment outcomes of ER program in them. Our results showed that our 
exercise program was effective in improving the QOL, cancer-related symptoms and 
cardiopulmonary functions in our clinical series of patients. But it was not effective in improving the 
BC-related symptoms such as pain and skin problems on the affected side. Presumably, this might 
be because our patients are at risk of worsening BC-related symptoms during a 6-week exercise 
program combined with RTx, as previously described.[23]  

On both univariate and multivariate analysis, the severity of BC-related symptoms was 
significantly greater in the patients who underwent CTx as compared with those who did not 
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undergo it. But it was relatively lower in the patients who did not undergo CTx. These results indicate 
that patients with a past history of CTx are at an increased risk of worsening BC-related symptoms 
during RTx. Such patients are vulnerable to systemic adverse effects. It can therefore be inferred that 
they are also vulnerable to local damage during RTx. But we could not confirm whether this is due 
to the effects of exercise program because we did not serve the control group in the current study. 
This indicates that it would be mandatory to consider the possibility that BC-related symptoms might 
be worsened during RTx in patients with a past history of CTx. As shown in Table 3, the QOL, CRF 
and cardiopulmonary functions were poor at both baseline and 6 weeks in the patients who 
underwent CTx. This indicates that patients with a past history of CTx presented with a greater 
severity of BC-related symptoms. It can therefore be inferred that they should receive exercise 
program to improve their aggravated symptoms.    

Our results showed that there were significant differences in the cancer-related QOL and 
symptoms between baseline and at 6 weeks in the patients with a higher level of education. These 
variables showed no significant difference at baseline between the patients with a higher level of 
education and those with a lower one. At 6 weeks, however, the patients with a higher level of 
education achieved an improvement in the cancer-related functions, BC-related symptoms and 
cardiopulmonary functions. Based on these results, it can be inferred that the education level may 
affect the effects of exercise program because the patients with a higher level of education are more 
inclined to participate in the exercise program and have a beĴer understanding of it. In the current 
study, we encouraged the patients to perform exercise at home. It is therefore probable that the 
patients with a higher level of education had a beĴer understanding of exercise program and this 
may have affected the results. 

Our results also showed that the employment status had a significant correlation with cancer-
related symptoms on univariate analysis. But there was no such correlation on multivariate analysis. 
On multivariate analysis, the education level was the only variable with a significant correlation with 
cancer-related symptoms. There was a positive correlation between the employment status and 
education level. It can therefore be inferred that the above results might be because the patients with 
a higher level of education are more inclined to be employed; such results might not be due to the 
employment status itself. 

Pinto e Silva MP, et al. reported that the rehabilitation program was effective in improving the 
QOL in patients undergoing ALND as compared with those doing SNB.[24] Our results showed that 
the exercise program was effective in improving the CRF in the patients who underwent ALND as 
compared with those who did SNB. Presumably, this might be because ALND is a more invasive 
modality than SNB and the patients undergoing ALND might have suffered from a greater severity 
of CRF. It can therefore be inferred that the exercise program might be more beneficial for the patients 
undergoing ALND. Nevertheless, the FSS scores remained higher in the patients undergoing SNB. 
This indicates that the exercise program would be more effective in improving the CRF in the patients 
undergoing ANLD because their systemic conditions were poorer and their outcomes were beĴer as 
compared with those doing SNB. 

With regard to the relationship between the age and the effects of exercise program, Harrison 
SA, et al. reported that the age has a potential effect in improving the QOL because of the age-related 
physical activity.[25] We have therefore hypothesized that the age would have a significant effect on 
the treatment outcomes of exercise program. Accordingly, in the current study, we served two age 
subgroups based on a cut-off value of 50 years. But we found that the age was not associated with 
the clinical benefit. Further large-scale studies are therefore warranted to examine the effects of ER 
program depending on the age in patients with a diffuse, wide age distribution. 

The aerobic and resistance exercise is an important, effective intervention for patients with BC 
undergoing RTx. It is neither easy nor cost-effective, however, to perform the exercise program for 
such patients. It would therefore be mandatory to screen patients with BC who are eligible for the 
participation in the exercise program.[26] 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 26 February 2026 doi:10.20944/preprints202602.1735.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202602.1735.v1
http://creativecommons.org/licenses/by/4.0/


 12 of 14 

 

There are two limitations of the current study as shown below: First, we failed to serve the 
control group for the current study. Second, we enrolled only the patients with BC from a single 
tertiary medical institution in Korea. Therefore, the possibility of selection bias could not be 
completely ruled out. 

To summarize, our results are as follows: 
(1) There were significant differences in the EORTC QLQ C30 scores on the QOL and functional 

scales, the EORTC QLQ BR 23 scores on the functional and symptom scales and the VO2max between 
baseline and at 6 weeks. 

(2) There were no effects in improving the BC-related symptoms. 
(3) The patients with higher education level undergoing ALND achieved beĴer treatment 

outcomes of a 6-week ER program.  
(4) The age was not associated with the clinical benefit. 

5. Conclusion 

In conclusion, our results indicate that the patients with higher education level undergoing 
ALND might achieve beĴer treatment outcomes of a 6-week ER program. Our results are of 
significance in that we have identified the patients’ demographic and clinical factors affecting its 
feasibility during RTx where their conditions might be worsened. But further randomized controlled 
studies with long-term follow-up are warranted to assess the feasibility of exercise program in 
improving the QOL, CRF and CD in the patients with BC who underwent postoperative adjuvant 
therapies. 

Author Contributions: Conceptualization, M.-G. J.; Methodology, M.-G. J.; Software, M.-G. J.; Validation, M.-G. 
J.; Formal analysis, M.-G. J.; Investigation, M.-G. J.; Resources, M.-G. J.; Data curation, M.-G. J.; Writing—original 
draft preparation, B. J. L. and M.-G. J.; Writing—review and editing, B. J. L. and M.-G. J.; Visualization, M.-G. J.; 
Supervision, M.-G. J.; Project administration, M.-G. J.; Funding acquisition, M.-G. J. All authors have read and 
agreed to the published version of the manuscript. 

Institutional Review Board Statement: The ethical approval of the current study was obtained from the Internal 
Institutional Review Board (IRB) of the Public Institutional Bioethics CommiĴee designated by the Korean 
Ministry of Health and Welfare (IRB approval #: P01-202208-03-004) and conducted it in compliance with the 
relevant guidelines and applicable laws. 

Informed Consent Statement: Informed consent was obtained from all individual patients included in the 
study. 

Data Availability Statement: Data is provided within the manuscript. 

Acknowledgments: The authors thank Laon Medi Solution Inc. (Seoul, Republic of Korea) and KDH Medical 
Inc. (Gwangmyeong, Gyeonggi, Republic of Korea) for additional support of this study. 

Conflicts of Interest: The authors declare no conflict of interest. 

Abbreviations 

The following abbreviations are used in this manuscript: 

ACSM  American College of Sports Medicine 

ALND  axillary lymph node dissection 

ANCOVA  analysis of covariance 

BS  breast cancer 

BCS  breast cancer survivors 

CD  cardiopulmonary dysfunction 
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CRF  cancer-related fatigue 

CTx chemotherapy 

EORTC QLQ-C30  
European Organization for Research and Treatment of Cancer Quality of Life 

Questionnaire core 

EORTC QLQ-BR23  
European Organization for Research and Treatment of Cancer Quality of Life 

Questionnaire - Breast Cancer Module 

ER  exercise rehabilitation 

FSS  Fatigue Severity Scale 

HTx  hormone therapy 

IRB  Institutional Review Board 

LE  lymphedema 

MHR  maximal heart rate 

QOL  quality of life 

RTx  radiotherapy 

SNB  sentinel node biopsy 

SD  standard deviation 

US  United States 

VO2max peak oxygen uptake 

WHO  World Health Organization 
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