Effects of physical exercise on the health of women with breast cancer undergoing chemotherapy: A randomized clinical trial protocol
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Introduction
Breast cancer is responsible for 1 in 6 deaths worldwide[1]. The survival rate after 5 years of diagnosis exceeds 80%[2]. Myocardial dysfunction and heart failure, often described as cardiotoxicity, bring serious side effects that impact patients' health and quality of life[3]. The incidence of cardiotoxicity can affect 34% of patients undergoing chemotherapy[4] and can affect more than 50% of patients when they have other comorbidities[5].
Cardiotoxicity is typically associated with the use of anthracyclines[6]. Cancer patients treated with anthracyclines are twice as likely to develop heart failure, this risk increases with advanced age and comorbidities[7]. Mitochondrial dysfunction and disturbance of the quality control of cardiomyocyte cytosolic proteins cause cardiotoxicity[8], through excessive production of reactive oxygen species[9] Despite extensive research, the exact mechanisms remain unknown[10]. Impaired left ventricular function, together with elevated N-terminal brain natriuretic peptide (NT-proBNP) and cardiac troponin I (cTnI) are associated with a high risk of developing cardiotoxicity[11]
Histological analysis of rodent hearts shows extensive fibrosis induced by DOX therapy[12]. Physical exercise during DOX exposure demonstrated a reduction in the level of drug penetration into cardiac tissue[13], causing notable changes in myocardial structure with reduced fibrosis and preservation of myofibrils integrity and sarcomere organization[14]
	The indices most commonly utilized to assess ventricular mechanics are the 'pump indices' (i.e. ejection fraction or fractional shortening)[15]. Unfortunately, they may lead to invalid data, because of their dependence on loading conditions and heart rate. As a consequence, echocardiographic indices should be used (i.e. fiber shortening or rate-corrected velocity of circumferential fiber shortening-end systolic stress relationship), which better reflect the intrinsic myocardial contractility[16]. The assessment of %LVEF is dependent on LV remodeling (pre- and post-load), while %GLS quantifies changes in longitudinal elongation per cardiac segment throughout the myocardial cardiac cycle[17], and may be more suitable for detecting regional myocardial changes such as interstitial fibrosis compared to LVEF[18, 19]. 
	The European Society of Cardiology for cancer treatments and cardiovascular toxicity suggests exercise as a possibility to mitigate cardiotoxicity[3]. Lifestyle changes, including exercise, demonstrate a strong reduction in breast cancer recurrence and risk of death[20]. Moderate levels of physical activity reduce the risk of death in breast cancer patients by up to 60% compared to insufficiently active ones[21, 22]. The role of physical exercise in preventing cardiotoxicity is unclear, as there is a lack of quality in the methodological design of studies, limiting the ability to understand the role of exercise as a preventive measure[23]. More clinical studies using exercise as an intervention and more accurate methods to evaluate the effects on cardiac function are needed.
	Another common consequence of cancer treatments is the loss of bone mass[24-26], due to residual deprivation of endogenous serum estrogen levels, leading to a significant increase in the risk of fragility fracture[27-29]. Physical exercise not only prevents bone loss, it can increase bone mineral density and reduce the risk of falling due to known improvements in physical function, such as increased hip and trunk muscle strength[30, 31] A recent study highlighted that different exercise modalities can positively affect bone mineral density in the lumbar spine, femoral neck or total hip region in postmenopausal women[32] Therefore, we consider that adapted taekwondo exercises (path of the feet and hands) can contribute positively to the health and quality of life of breast cancer patients[33]
Hypothesis
The main objective of this study is to verify whether a structured exercise program attenuates the cardiotoxic effects of chemotherapy in patients with breast cancer measured by assessing cardiac function (global longitudinal deformation of the LV). The secondary objective is to evaluate the effectiveness of the intervention in regulating some cardiac health parameters: left ventricular ejection fraction, resting blood pressure, resting heart rate (HR), resting HR variability (HRV) and recovery HR , and biomarkers capable of predicting abnormal bone loss in various disease states: DXA dual-energy X-ray absorptiometry, pQCT peripheral quantitative computed tomography, type 1 procollagen amino-terminal propeptide P1NP, NTx amino-terminal type 1 collagen telopeptide , alkaline phosphatase ALP, C-reactive protein CRP. We will also assess physical function through cardiorespiratory capacity, upper and lower limb strength, self-reported physical activity level, health-related quality of life (HRQoL) and fatigue. Our hypothesis is that exercise can limit the degradation of cardiac function and bring benefits to patients' physical health.
Study Design
The study design and protocol follow the Standard Protocol Items: Recommendations for Interventional Trials (SPIRIT) guidelines[34]. We will conduct a prospective, randomized, controlled, two-arm clinical trial that will explore the effect of a physical exercise program compared to usual care in adult women with breast cancer undergoing chemotherapy containing anthracycline or trastuzumab.
Ethical approval
This study will be conducted in compliance with the Declaration of Helsinki Ethical Principles (1975)[35]
Sample size calculation
The sample size was determined by a power calculation based on the %GLS results at rest, using the G*Power Version 3.1.9.4 program. Based on an effect size of 0.6 for %GLS at rest presented in a previous study [36], to guarantee statistical power of 80% and a significance level of 0.05, using the t-test for two independent groups, it is 72 participants were required to be recruited. Anticipating a 20% dropout rate[37], we estimate that 90 patients will be needed (45 in each arm). There are no early stopping rules planned. Adverse events will be assessed by the study investigators, who will decide to stop the study early if there are clinically relevant risks.
Participant recruitment
Patients will be considered eligible after a medical consultation with oncologists, where the study will be explained to patients and written informed consent will be requested, including the non-obligation to participate, being able to withdraw their consent at any time, without any consequences for monitoring and medical care. Participants will be followed from the acceptance period (t0) and 6 months after the end of chemotherapy (t6).
Eligibility criteria
Inclusion criteria
Be able to understand and accept informed consent; breast cancer patients; women; over 18 years old; histological diagnosis of stage IA-IIIC breast carcinoma; scheduled to receive chemotherapy with anthracyclines or trastuzumab.
Exclusion criteria
Contraindications for exercise testing, decompensated comorbidities, pre-existing heart disease, pregnancy
Demographic, anthropometric, and clinical data
	Demographic (age, sex, education), anthropometric (weight, height, body composition) and clinical (medication, associated diseases, surgeries) data or any relevant data that may impact treatment and intervention will be recorded during the registration process (t 0).
Clinical tests
1. Circulating NT-proBNP levels
2. Cardiac troponin
3. P1NP, ALP, CRP
4. Glucose and lipids
5. Urine: NTx
6. DXA: whole-body, spinal, hip
7. pQCT: femoral, tibial
8. Resting LV global longitudinal strain
9. Resting LV ejection fraction
10. Resting blood pressure
11. Resting HR
12. Resting HRV
13. Recovery HR
Physical tests e questionnaires
1. Cardiorespiratory fitness
2. Upper limb strength
3. Lower limb functionality
4. Self-reported physical activity level
5. Health-related quality of life
6. Fatigue
Study assessments
The schedule of study outcome assessments is outlined in figure 1. Study assessments will be scheduled upfront and participants will be regularly reminded (by email and phone) to ensure complete follow-up. Primary, secondary, and exploratory outcomes will be measured in all participants at three different time points:
1. t0 (baseline assessments): eligibility screen; informed consent; demographic, anthropometric; clinical and physical tests. Between 0 and 14 days before the first chemotherapy session
2. t2 (post-treatment assessments first): Circulating NT-proBNP levels; Cardiac troponin; Resting LV global longitudinal strain; Resting LV ejection fraction; allocation (randomization). Between 1 and 5 days after the first of chemotherapy
3. t3 (follow-up assessments): Anthropometric; Clinical and physical tests; Circulating NT-proBNP levels; Cardiac troponin; Resting LV global longitudinal strain; Resting LV ejection fraction. After 6 months of t2
Randomization
After confirmation of eligibility and baseline assessments (t0), patients will be randomized using Internet software (www.sealedenvelope.com), in a 1:1 ratio to the supervised exercise group (intervention group) or the usual care group (control group), using a permutated block design with random block sizes (4, 6, 8) with stratification by two dichotomous variables, which are known risk factors for cardiotoxicity:
1. Age (< 50 years or older)
2. Receiving anti-human epidermal growth factor receptor 2 (anti-HER2) therapy (yes/no)
3. Total cumulative anthracycline dose ≥ 250 mg/m-2
4. Treatment with radiation
This process will be performed by an external individual who is blinded to the study and who will place the sequence in a numbered, opaque, sealed envelope. The allocation of participants will then be reported to an oncologist, who will subsequently inform the patients about the assignment group.

Study Arms
Control group
Patients allocated to the usual care group will receive standard Breast Cancer care. 
Exercise Group
Members of the intervention group will carry out a supervised exercise program adapted to taekwondo, based on the American College of Sports Medicine guidelines for patients with breast cancer[38], with collaboration of oncologists, physiologists and researchers. The sessions will be taught by a physical education professional (3rd dan black belt in taekwondo) and will take place 3 times a week lasting 60 minutes.
Statistical Analyses 
Continuous variables between the two groups will be compared using the ANCOVA method. Similarly, a two-way linear mixed model ANCOVA with repeated measures (t1, t2 and t3) will be performed to test the difference over time between the two groups. Bonferroni post-hoc will locate differences between pairs; The Kolmogorov-Smirnov test will test normality; The homogeneity of variance will be validated by Levene's test; The effect size will be calculated to estimate the variance between moments using partial eta-squared, based on Statistical Power Analysis for the Behavioral Sciences; The chi-square test will be used to verify the relationship between categorical variables[39]
Blinding
To ensure adequate monitoring, the medical team and professionals responsible for prescribing the exercises will not be blinded. Only professionals and researchers who will receive test results for evaluation and interpretation of data, before, during and after randomization, will be blinded.
Safety
	Study investigators including medical staff will follow up on any reported events by the National Cancer Institute Common Terminology Criteria for Adverse Events, version 4 (https://ctep.cancer.gov/protocoldevelopment/electronic_applications/ctc.htm). Weekly meetings will discuss reported adverse events, reported to the ethics committee, and on the study results.
Limitations
The impossibility of blinding some of the researchers and medical staff when monitoring the groups. The influence of factors associated with the patients' history, such as other pre-existing diseases, cumulative dose of chemotherapy, radiotherapy, trastuzumab, and sample under/over 50 years old. Despite these factors, we believe that the results of this study will provide relevant data for the scientific community.
Publication of results
The findings of this study will be reported in a doctoral thesis by the main author, will be submitted to a peer-reviewed journal for publication, and will be presented at relevant conferences and disseminated to the public in partnership with Universidade do Porto (Portugal).
Discussion
Physical exercise is a safe and effective supportive strategy to improve physical function and quality of life in breast cancer patients before and after treatment[3, 37]. Histological analysis of rodent hearts shows extensive fibrosis induced by DOX therapy[12]. Wang, F., et al[13] demonstrated a reduction in the level of drug penetration into cardiac tissue, suggesting that physical exercise during DOX exposure mitigates cardiotoxicity, possibly through altered delivery of DOX to myocardial tissue. Sequeira, C. M., et al[14] proved that physical exercise concomitant with DOX administration caused notable changes in myocardial structure with reduced fibrosis and preservation of myofibrils integrity and sarcomere organization. In another study, Wang, F., et al[40], did not observe any significant fibrosis in animals that exercised during DOX therapy.
The %GLS is an effective tool to stratify patients with cardiac dysfunction after anthracycline therapy with normal %LVEF and brings incremental value to the analysis of clinical and %LVEF variables[41]. A global longitudinal strain involves automated averaging of multiple segments, while %LVEF assessment involves tracking 1 measurement[42]. In long-term breast cancer survivors, higher levels of physical activity were associated with improvement in %GLS but not %LVEF, with a relatively greater benefit for performing any activity versus none[43]. Another study with 559 breast cancer survivors included, with a median age of 55.5 years and a median time since treatment of 10.2 years, found that higher physical activity levels are associated with less cardiac dysfunction as quantified by %GLS but not %LVEF independent of cardiovascular risk factors and potential cardiotoxic breast cancer treatment[44]. We will clinically investigate the possible cardioprotective effect of exercise at different health-associated stages in women with breast cancer. A total of 90 adult women with indications for chemotherapy will be enrolled.
Heart failure diagnoses are often preceded by risk factors other than chemotherapy[45]. Comorbidities strongly influence the participant's response to exercise intervention[46]. Overweight and obesity, along with African-American ethnicity, very young or very old age, diabetes, hypertension, and very high or very low body weight are risk factors for cardiotoxicity from anthracyclines[47-50]. The development of targeted exercise prescriptions requires an initial assessment of clinical parameters that allow stratification of patients with a common condition, despite participant heterogeneity, into homogeneous subgroups (i.e., phenogroups)[51]. Phenotyping is required to identify subtype-dependent treatment strategies [52]. Therefore, if there were an opportunity to evaluate the phenogroups within the groups, according to biological characteristics (age, BMI, muscle mass) and clinical characteristics associated with cancer (diabetes, hypertension, obesity), medications (insulin, beta-blockers), history of physical activity, level of cardiorespiratory fitness, we could have a more precise view of the impact of physical exercise during chemotherapy on cardiac function, even given the heterogeneity of the characteristics of the participants in the groups.
Breast cancer can progress to bone metastasis as the bone microenvironment is critical to the pathophysiology of bone metastases[53]. They usually occur in the trabecular regions of the bone[54, 55], any bone loss or fragility can contribute to tumor infiltration[56, 57]. Muscle contraction can promote osteogenesis, and consequently delay tumor growth[56, 58]
We believe that the results of this study will add new knowledge to what the literature currently offers, comparing different methods of functional imaging assessment and biomarkers of cardiotoxicity in patients. Furthermore, bone metastases continue to be one of the leading causes of breast cancer-related deaths worldwide, therefore, examining the safety and feasibility of an adapted martial arts (taekwondo) exercise program that includes weight training strength, endurance and flexibility in parallel with bone biomarker analysis, bone mineral density and muscle mass, can help reduce the likelihood of metastasis, as well as improve physical fitness, reduce cancer-related fatigue and increase the quality of life of patients . We also hope that the results of this study can assist in clinical practice and contribute to further elucidating the role of exercise programs during antineoplastic treatment inside and outside the hospital.
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