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have not been studied. The Breast Cancer Exercise 
Intervention (BREXINT) Pilot Study will evalu-
ate the effects of a 24-week combined aerobic and 
strength exercise intervention against usual care in 
50 BC patients’ post-treatment randomised to either 
group. The primary outcomes include changes in car-
diorespiratory fitness, muscle strength, cancer-related 
symptoms, and rate of biological ageing following 
exercise intervention period. The secondary outcomes 
include habitual physical activity measured with tri-
axial accelerometery and supporting questionnaires, 
including physical activity, food diary, and quality 
of life questionnaires. This study will identify the 
effects of combined aerobic exercise strength training 

Abstract Breast cancer (BC) is the most promi-
nent cancer amongst women, but fortunately, early 
diagnosis and advances in multimodality treatments 
have improved patient survivability. Cancer survi-
vors, however, experience increased biological ageing 
which may accelerate other co-morbidities. Exercise 
intervention is a promising clinical adjuvant approach 
to improve BC patients’ physiological function, 
recovery from treatment, and quality of life. How-
ever, the effects of combined aerobic and strength 
exercise training on biological ageing in BC patients 
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on biological ageing in BC patients from Singapore. 
Results from this study could further support the 
implementation of regular exercise programmes as 
routine care for cancer patients.

Keywords Exercise intervention · Breast cancer · 
Cardiorespiratory fitness · Muscle strength · 
Biological ageing

Introduction

Breast cancer (BC) is the most prevalent cancer in 
women in Singapore with 29.7% of all cancers diag-
nosed and the leading cause of cancer death in this 
demographic at 17.2% [1]. This disease also leads the 
years of life lost (YLL) in 2017, accounting for 31.8% 
of total YLL—an indicator of premature mortality 
[2]. BC patients have better prognostic outcomes with 
the emergence of better diagnostic tools and treat-
ment options [3–5] which can vary depending on the 
molecular subtype and stage of disease progression 
[6, 7]. Increased BC survivorship is associated with 
patients suffering from other adverse effects such as 
cancer-related fatigue [8, 9]. In a recent meta-anal-
ysis, the authors reported that BC patients treated 
with anthracycline (AC)-based chemotherapy pre-
sent cardiotoxicity, lower ventricular ejection fraction 
(LVEF), and increased prevalence of heart failure [10, 
11]. Such cardiovascular complications result in a 
higher risk of death than BC alone especially in older 
patients [12]. These side effects are exacerbated by 
poor cardiorespiratory fitness and sarcopenia—low 
skeletal mass and strength [11, 13, 14].

These adverse side effects of cancer and chemo-
therapy are mimicked in the process of biological 
ageing which reflects the accumulative tissue and cel-
lular damage over time [15, 16]. Chronological age-
ing inevitably increases the risk of cancer [17]. Con-
versely, there is growing consensus that cancer and its 
treatments accelerate the ageing process [5, 16, 18]. 
The St. Jude Lifetime (SJLIFE) Cohort Study has 
shown that cancer survivors develop co-morbidities 
earlier than cancer-free patients. It was reported that 
by 45 years of age, childhood cancer survivors have 
double the burden of disease compared to the general 
population [19]. This may be explained by overlap-
ping hallmarks such as genomic instability, telomere 
attrition, epigenetic alteration, and chronic inflamma-
tion [5, 20]. Insufficient participation in regular exer-
cise may further propagate the physical and cognitive 
decline of patients, as exercise has been demonstrated 
to be beneficial as supportive care in cancer patients 
[21–23].

Exercise training modulates cardiorespiratory fitness 
and sarcopenia in breast cancer

The benefits of aerobic exercise for BC therapy are 
well-established. A seminal study found that BC 
patients have 27% lower  VO2peak—the gold standard 
for cardiorespiratory fitness and predictor of survival, 
than healthy, age-matched women leading sedentary 
lifestyles [24]. Similarly, another study identified that 
 VO2peak of BC patients initiating chemotherapy could 
achieve ~ 96% of expected  VO2peak whereas post-
adjuvant (4 weeks) chemotherapy patients were only 
able to reach ~ 63% of expected  VO2peak [25]. Fortu-
nately, regular aerobic exercise training improved BC 
patients’  VO2peak which mitigates cardiotoxicity dur-
ing chemotherapy [11]. Adoption of aerobic exercise 
after adjuvant therapy also improves treatment out-
comes, mitigates inflammation, and decreases recur-
rence rates [11, 26–29].

The loss of skeletal muscle mass—sarcopenia—is 
also an important prognostic factor for BC patients. 
Sarcopenic BC patients have a 71% greater risk of 
mortality than non-sarcopenic patients [30] and were 
also twice as likely as those without the condition, to 
present with high-grade chemotherapy which can pro-
mote systemic inflammation and impair insulin sen-
sitivity [31, 32]. Furthermore, increased circulating 
inflammatory mediators such as IL (interleukin)-1β, 
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IL-2, IL-6, IL-8, and C-reactive protein (CRP) may 
drive the loss of muscle mass and strength, whilst 
increased CRP, fibrinogen, tumour necrosis factor 
(TNF)-α and IL-6 drive BC progression [33–35]. 
Meneses-Echávez et  al. reported in a meta-analysis 
that combined aerobic and strength exercise training 
decreases systemic TNF-α, IL-2, IL-6, and IL-8 in 
BC patients, suggesting that incorporating strength 
exercise can be efficacious in modulating the pro-
inflammatory milieu and preserving muscle strength 
[36]. Khosravi et al. also report that combined aero-
bic and resistance exercise training programmes for 
cancer patients led to a decline in pro-inflammatory 
markers [37].

Both aerobic and resistance exercise training pro-
grammes also alleviated cancer-related fatigue and 
improved weight loss, muscle strength and quality of 
life (QoL) even after 1 year [38, 39]. However, there 
is a need to evaluate the lower physical capacity of 
BC patients due to cancer burden or treatment to opti-
mise exercise protocols [11, 38].

Biological ageing is accelerated in cancer

Biological ageing is the time-dependent rate of 
decline and damage in different organ systems with 
a heterogenous expression in the general population. 
Biological ageing is accelerated in cancer; a cancer 
patient is likely to present with a higher biological age 
relative to her chronological age [15, 16]. Likewise, 
cancer induces gradual cellular dysfunction, whilst 
current treatment methods such as chemotherapy 
compound the damage through its cytotoxic mecha-
nisms [40]. Patients with a history of, or with ongo-
ing cancer presented with physical (lower functional 
mobility and loss of muscle strength) and cognitive 
impairments at an earlier chronological age, which 
subsequently impeded their abilities to perform physi-
cal activities [16, 41]. As mentioned previously, these 
impairments could culminate in death as well [12].

Ageing is also characterized by increased cellu-
lar senescence, which functions to suppress tumour 
formation but consequently contributes to low-grade 
chronic inflammation. Senescent stromal cells that 
exhibit this phenotype are senescent-associated 
secretory phenotypes (SASP) where they release 
inflammatory mediators including nuclear factor 
(NF)-κβ and pro-inflammatory cytokines such as 
IL-6, IL-8, and TNF-α [16]. As described earlier, the 

mechanisms implicated in biological ageing are simi-
lar to cancer and exercise shows promising benefits 
in decreasing the expression of mediators involved in 
cell senescence. Initial evidence shows a significant 
reduction in cyclin-dependent kinase inhibitors p16 
and p21, other mediators of the SASP, and inflamma-
tory markers such as Interferon (IFN)-γ and TNF-α 
[42].

Therefore, assessing blood biomarkers through-
out the exercise intervention could shed light on the 
systemic effects of a combined exercise training pro-
gramme on biological ageing.

Global adoption of exercise is medicine (EIM) 
initiative

Together with benefits on cardiorespiratory fitness, 
muscle strength, immune markers, and cell senes-
cence, exercise is promising as supportive therapy for 
cancer care and is well-accepted by the international 
oncology community. The American Cancer Soci-
ety, the National Comprehensive Cancer Network, 
and the Clinical Oncology Society of Australia have 
established position statements and guidelines for 
clinicians to prescribe exercise for cancer patients 
[43–46]. Yet, referral to cancer rehabilitation pro-
grammes is not part of standard care in many coun-
tries, including Singapore, and analyses of cancer 
survivors reveal low adherence to an active lifestyle 
[46]. Clinicians and scholars have recently pushed for 
strength and aerobic conditioning to be the basic level 
of cancer rehabilitation [47].

Challenges in Singapore’s cancer survivorship model

Despite increased recognition of EIM by clinicians 
globally, hospitals in Singapore have not adopted 
exercise as a core component of their cancer reha-
bilitation programmes. At the first cancer supportive 
and survivorship care forum in 2016 [48], Singapore 
oncologists met to address the inadequacy of the pre-
vailing healthcare model in cancer survivorship. The 
observations and consensus amongst the clinicians 
were as follows:

1. A focus on cancer surveillance with scant atten-
tion given to the rehabilitation needs of survivors, 
including exercise and other psychological needs,
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2. No community-based programmes for cancer 
survivors to incorporate healthy lifestyle behav-
iours and self-monitoring, and

3. The absence of research infrastructure to address 
relevant issues in cancer survivorship.

The Breast Cancer Exercise Intervention (BREX-
INT) Pilot Study is the first research study in Singa-
pore to comprehensively assess  VO2 parameters in 
routine submaximal cardiopulmonary exercise testing 
(CPET), during a 6-month cardiorespiratory fitness 
and strength training programme in BC patients. The 
aims of the BREXINT Pilot Study include (1) evalu-
ation of the efficacy of exercise training in the reduc-
tion of biological age, determined by the DNA meth-
ylation status in BC patients; (2) evaluation of the 
effect of exercise training on cardiovascular fitness in 
BC patients; (3) investigating whether exercise train-
ing is associated with reduced adiposity and improved 
muscle mass in BC patients; and (4) analysis of the 
changes in immune and metabolic blood markers in 
BC patients undergoing exercise training (Fig. 1).

Our intended research parameters of cardiorespira-
tory fitness, muscle strength and skeletal muscle index 
(SMI) will be evaluated using muscle strength analy-
sis and Dual-energy X-ray absorptiometry (DEXA), 
to determine the association with treatment progno-
sis. Specific hallmarks of biological ageing will also 
be used to identify potential mechanisms amelio-
rated by exercise in ageing and BC. Our research will 
evaluate patient outcomes from an Asian population, 
which is an understudied population, compared with 
most research that has been conducted in Caucasian 
populations. These results could identify the merits 
of implementing exercise into standard care for BC 
patients.

Methodology

Study design

The study is a prospective, randomised clinical trial 
that will involve a 24-week exercise intervention 
programme. An exercise group will undergo guided 
exercise sessions comprising aerobic exercise and 
strength training at the Singapore Cancer Society 
(SCS) Rehabilitation Centre whilst a usual care (UC) 
group will be provided information on the exercise 

programme. Participants will be assessed at baseline 
before the exercise intervention, 8  weeks, 16  weeks 
and 24  weeks at the end of the exercise interven-
tion. The various assessments will be elaborated the 
following sections. This study has been approved by 
NUS IRB (NUS-IRB-2022–700), SingHealth CIRB 
(2020–2451), and A*STAR IRB (2022–079) and reg-
istered at clinicaltrials.gov (NCT05957068).

Patient recruitment

Up to 50 women will be recruited and randomised 
into the exercise (n = 25) or UC group (n = 25). 
The patients will include women aged ≥ 21  years of 
Chinese, Malay and Indian ethnicity and histologi-
cally and/or cytologically diagnosed with stage I-III 
breast cancer. They will be enrolled within 8 weeks 
of curative breast cancer surgery or the final ses-
sion of chemotherapy or radiotherapy (if given). The 
patients must also understand and voluntarily sign the 
informed consent forms before study-specific proce-
dures can commence.

Patients will be excluded should they have cardio-
vascular, respiratory, or musculoskeletal issues that 
prevent them from carrying out moderate-intensity 
physical activity and other major medical problems 
deemed unsuitable for enrolment by the investigator.

Group assignment

Patients will be randomised to the exercise inter-
vention or UC group by BC stage (early or locally 
advanced), BC status (oestrogen receptor (ER)/
progesterone receptor (PR)/HER2), age (< 50 
or ≥ 50  years), menopausal status, body fat/mus-
cle ratio, level of physical activity in the year before 
study entry and receipt of chemotherapy.

Anthropometric measurements

Height and weight (avamech B1000, Avalanche 
Mechatronics, Singapore) (to the nearest 0.1 kg) will 
be measured at baseline and 24 weeks.

Vital signs

Body temperature, pulse rate and blood pressure 
(Braun Pro 6000 Dock, Welch Allyn Inc., USA) will 
be measured at baseline and 24 weeks.
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Fig. 1  Diagram for the BREXINT Pilot Study design (created with BioRender.com)
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Performance status

Eastern Cooperative Oncology Group (ECOG) per-
formance status will be assessed at baseline and 
24  weeks. Subjects will proceed as long as ECOG 
score ranges from 0 to 2. The treating physician will 
judge whether the exercise intervention subjects con-
tinue with the exercise programme if ECOG deterio-
rates or if medical conditions arise that preclude con-
tinuing participation.

Physical examination

Physical examination of the patients’ will also be per-
formed at baseline and 24 weeks. This includes gen-
eral appearance, skin, neck, eyes, ears, nose, throat, 
lungs, heart, abdomen, back, lymph nodes, extremi-
ties and neurological system. Any significant find-
ings present before and after signing consent will be 
recorded.

Updates of medical history

Medical history and medications taken by the patients 
will be recorded at baseline and 24 weeks. Develop-
ment of new conditions (e.g. diabetes, hypertension, 
and hypercholesterolemia), and menopausal status 
will be recorded.

Body composition

Patients will undergo DEXA scans (Horizon A, Hol-
ogic, USA) at baseline and 24 weeks to quantify skel-
etal muscle and adipose tissue mass.

Blood collection

Antecubital blood will be collected at baseline, 8, 16 
and 24 weeks to assess for haematological, biochemi-
cal, inflammation, metabolic and ageing biomarkers 
as specified in Table 1.

Laboratory tests will be done to measure haema-
tological, biochemical, immunological, inflammation 
and metabolism parameters. Buffy coats will also be 
extracted for DNA methylation assays. The haema-
tological, chemistry, and DNA methylation assays 
will be used to generate the biological age using 
validated epigenetic clocks such as DNAm Pheno-
Age [49] and GrimAge [50] to evaluate the effects 
of exercise on ageing. Protein biomarkers of inflam-
mation and metabolism will also be quantified to 
evaluate if concentrations are modified by exercise 
(Procarta Plex, Luminex, Thermo Fisher, USA). Cir-
culating peripheral blood mononuclear cells (PBMC) 
will be obtained via gradient centrifugation (Ficoll-
paque, Cytiva, USA) to determine p16INK4A (com-
mon senescence marker) mRNA expression in vari-
ous immune cell subsets. The transcriptomic profile 
of the inflammatory and metabolic analytes will also 

Table 1  Blood parameters and biomarkers are to be tested on blood samples from baseline, 8, 16, and 24-week timepoints

Haematology & chemistry Inflammation Metabolism Biological age

• Haemoglobin
• Platelets
• White blood cell counts
• Creatinine
• Urea
• Sodium
• Potassium chloride
• Bicarbonate
• Glucose
• Albumin
• Total bilirubin
• Alkaline phosphatase
• Alanine transaminase (ALT)
• Aspartate transaminase (AST)
• Lipid profile
• HbA1c
• Insulin

• High-mobility group box protein 
(HMBG)-1

• IL-1β
• MCP-1
• IL-6
• IFN- γ
• IL-10
• IL-12
• C-reactive protein (CRP)
• TNF-α

• Adiponectin
• Leptin
• Fibroblast growth factor 21 (FGF-

21)
• Growth differentiation factors 

(GDF)-11, 15

• DNA methylation
• P16INK4A
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be quantified in PBMCs (QuantigenePlex, Luminex, 
ThermoFisher, USA).

Exercise training protocol

The exercise group will perform aerobic exercise 
training comprising of treadmill walking for 3  days 
per week for 24  weeks (total of 72 sessions), for 
20  min each at 50% corresponding to age-predicted 
maximal heart rate (MHR) (220 age in years), even-
tually progressing to 75% of MHR. The strength 
training programme will comprise a series of cir-
cuit resistance exercises targeting the major muscle 
groups. The patients will perform 3 sets of 8–10 rep-
etitions and increase to 4 sets of 8–10 repetitions. The 
exercises and progression are outlined in the supple-
mentary material. The exercise training will be super-
vised by cancer exercise trainers at each session. The 
UC group will only be provided with details about the 
exercise intervention programme.

Exercise testing

Both groups will have their cardiorespiratory fitness 
(submaximal  VO2) and muscle strength assessed at 
baseline, 8, 16 and 24 weeks.

Cardiorespiratory fitness will be determined dur-
ing CPET with a metabolic cart (Metalyzer 3B, 
Cortex Biophysik, Germany) using indirect calo-
rimetry with continuous heart rate monitoring (H10, 
Polar Electro, Singapore). Specifically, physiologi-
cal parameters will be determined during the graded 
exercise test, which progressively increases the inten-
sity whilst simultaneously measuring the correspond-
ing ventilation (VE), oxygen  (O2), and carbon dioxide 
 (CO2) concentrations in the inhaled and exhaled air 
respectively. Taking into consideration that the BC 
patients may be deconditioned from treatment and 
physical inactivity, a modified Balke protocol will be 
adhered to—adapted from Burnett et al. [51]. Patients 
will start with a 5-min rest to obtain baseline meas-
urements before moving to the treadmill for warm-up. 
The warm-up portion will comprise 1 min at 3.2 km/h 
at 0% incline, 1  min at 4.3  km/h at 0% incline and 
finally 1 min at 4.8 km/h at 1% incline. Subsequently, 
the test portion begins with increasing the incline by 
1% every 1 min. The test stops if the patient does not 
feel well or once 85% of MHR is attained. Patients 
will then continue to cool down for 5 min at 3.2 km/h 

at 0% incline. Finally, recovery parameters will be 
taken by allowing the patients to sit down for 10 min 
on a chair whilst continuing to measure cardiopulmo-
nary parameters. Blood pressure will be measured 
before and after each session to monitor the patient’s 
well-being.

Muscle strength will be assessed using the 10-rep-
etition maximum (10-RM) test using the following 
exercises: (i) chest press, (ii) latissimus pull-down, 
(iii) 2-arm curl, and (iv) leg press.  

Routine physical activity level

The patients from both groups will be issued accel-
erometers (Fibion Inc., Finland) to wear in the front 
thigh pocket of their trousers for 7 days of monitor-
ing of habitual physical activity at baseline, 8, 16, and 
24 weeks. This device measures tri-axial acceleration 
with minute-to-minute resolution.

The patients will also record their diets in a 3-day 
food diary at baseline, 8, 16, and 24 weeks. They will 
be briefed on how to record the information, which 
will include the type and quantity of food consumed 
over 2 weekdays and 1 weekend consecutively.

Data from the accelerometers and food diary will 
provide an estimate of the patient’s energy balance 
(energy expenditure-energy intake).

Quality of life survey

The patients will complete a QoL survey at baseline, 
8, 16 and 24 weeks. The survey will follow the Euro-
pean Organization Research and Treatment of Cancer 
Quality of Life Questionnaire (EORTCQLQ-C30) 
which is a cancer-specific measure of health-related 
indices and QoL that is validated in the Singapore 
population [52].

Primary and secondary outcomes

The primary outcomes include changes in cardi-
orespiratory fitness, muscle strength, cancer-related 
symptoms, and rate of biological ageing following 
exercise intervention. In addition, effects on adipo-
metabolic, inflammatory, ageing parameters, and 
adherence to digital physical activity trackers will be 
investigated. The secondary outcomes include data 
gathered from supporting questionnaires, including 
physical activity, dietary journals, and QoL.
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Statistical analyses

Sample sizes were established by taking reference 
from a similar exercise intervention pilot study in 
breast cancer [53]. In this 4-month study, 15 sub-
jects were randomised to exercise intervention and 13 
subjects to the control groups, with ~ 3.5 mL/kg/min 
improvement in  VO2max, showing a large effect size 
(Cohen’s d = 1.1). In our study, each group will have 
25 subjects to have 90% power to detect significant 
differences at P < 0.05 in  VO2peak changes. Patients 
will be matched for age, tumour stage, and body mass 
index for each group. Student’s t-test will be used 
to test for differences in our primary and secondary 
outcomes.

Safety assessments

The exercises are submaximal; hence no adverse 
events are expected for the duration of the exercise 
intervention. Nonetheless, all serious adverse events 
(SAEs) will be documented and reported to the Prin-
cipal Investigators (PIs) within 24 hr who will then 
inform NUS-IRB and CIRB.

Discussion

BC is the leading cancer in Singapore women [1]. 
Currently available therapies have improved patient 
survivability [3, 4]. As such, patients require addi-
tional care for life after cancer or to improve the 
prognosis for patients still undergoing treatment. 
Exercise training is a viable adjuvant therapy as it 
reduces adverse chemotherapy symptoms. The pur-
ported mechanisms may involve inflammatory and 
senescence mediators [36, 42]. Conversely, exer-
cise training enhances cardiorespiratory fitness [11, 
26–29], muscle strength [36], and QoL [11]. Similar 
studies have involved 16-week exercise programmes 
comprising aerobic and resistance exercise training. 
The main benefits for BC patients were a significant 
enhancement to  VO2peak, muscle strength, reduced 
side effects from primary cancer treatments, and 
improved QoL. These benefits were also preserved 
after 12 months [11, 21, 38]. Our study will determine 
whether exercise training improved cardiorespiratory 

fitness, skeletal muscle composition, cancer-related 
symptoms, and QoL in Asian women with BC.

Exercise is known to improve hallmarks of biolog-
ical ageing, such as extending telomere lengths [54]. 
An accelerated pace of biological ageing also resem-
bles the side effects of cancer, which are potentially 
due to overlapping hallmarks that accumulate cellu-
lar and tissue damage [5, 20]. Interestingly, there are 
some molecular similarities between these pathways 
which share a greater expression of inflammatory 
mediators, such as IL-6, IL-8, and TNF-α [16, 36]. 
A meta-analysis from Meneses-Echávez et  al. also 
reveals some conflicting data that exercise training 
does not bring about significant changes, but these 
discrepancies may be due to the timing of blood col-
lection, or not accounting for advanced cancer states 
[36]. Our study can identify the effects of exercise 
training on inflammatory markers due to cancer and 
ageing. In addition, we will evaluate ageing param-
eters by profiling transcriptomic and proteomic 
changes in PBMCs and plasma. Specific protein 
biomarkers such as adiponectin could also provide 
insights into the metabolic profile of BC patients. 
These data may allow us to identify molecular path-
ways that are implicated during ageing and in BC.

Finally, we will determine patients’ adherence 
to exercise guidelines using physical activity track-
ers once the programme concludes. A recent review 
of digital activity trackers used in cancer patients 
showed improved levels of more than 70% adherence 
and more time spent on exercise, which improved 
QoL, depression, and fitness [55]. With growing 
numbers of studies on exercise interventions in can-
cer, there is still a need to identify its effect on biolog-
ical ageing as there are unresolved, converging mech-
anisms. This study will provide valuable information 
from an Asian population and pave the way forward 
for population-specific interventions.
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