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Protocol

AbstrACt
Introduction Cardiovascular disease (CVD) mortality 
is higher among breast cancer survivors (BCS) who 
receive chemotherapy compared with those not receiving 
chemotherapy. Anthracycline chemotherapy is of particular 
concern due to anthracycline-related impairment of 
vascular endothelial cells and dysregulation of the 
extracellular matrix. One strategy proven to offset these 
impairments is a form of exercise known as high-intensity 
interval training (HIIT). HIIT improves endothelial function 
in non-cancer populations by decreasing oxidative stress, 
the main contributor to anthracycline-induced vascular 
dysfunction. The purpose of this pilot study is to assess the 
feasibility of an 8-week HIIT, as well as the HIIT effects on 
endothelial function and extracellular matrix remodelling, 
in BCS undergoing anthracycline chemotherapy.
Methods and analysis Thirty BCS are randomised to 
either HIIT, an 8-week HIIT intervention occurring three 
times per week (seven alternating bouts of 90% of peak 
power output followed by 10% peak power output), or 
delayed group (DEL). Feasibility of HIIT is assessed by (1) 
the percentage of completed exercise sessions and (2) the 
number of minutes of exercise completed over the course 
of the study. Vascular function is assessed using brachial 
artery flow-mediated dilation and carotid intima media 
thickness. Extracellular matrix remodelling is assessed 
by the level of matrix metalloproteinases in the plasma. A 
repeated-measures analysis of covariance model will be 
performed with group (HIIT and DEL group) and time (pre/
post assessment) as independent factors. We hypothesise 
that HIIT will be feasible in BCS undergoing anthracycline 
chemotherapy, and that HIIT will improve endothelial 
function and extracellular matrix remodelling, compared 
with the DEL group. Success of this study will provide 
evidence of feasibility and efficacy to support a larger 
definitive trial which will impact cancer survivorship by 
decreasing anthracycline-induced vascular dysfunction, 
thereby benefiting cardiovascular markers that are related 
to CVD risk.
Ethics and dissemination This trial was approved by the 
University of Southern California Institutional Review Board 
(HS-15–00227).
trial registration number NCT02454777; Pre-results.

IntroduCtIon
Cardiovascular disease (CVD) is the primary 
cause of mortality in women diagnosed 
with early-stage breast cancer; breast cancer 
survivors (BCS) have 1.8-fold increased 
risk of CVD mortality in comparison with 
age-matched counterparts.1 2 BCS undergoing 

strengths and limitations of this study

 ► This manuscript presents that high-intensity inter-
val training (HIIT) is a novel exercise strategy for 
breast cancer survivors undergoing anthracyclines 
since lower volumes of HIIT compared with higher 
volumes of moderate continuous intensity exercise 
elicit better cardiovascular outcomes such as endo-
thelial function and maximal oxygen uptake.

 ► Given the barrier of compliance  of breast cancer 
survivors to regular exercise participation, HIIT is 
an intriguing time-efficient alternative to traditional 
endurance-based exercise training for preventing 
cardiovascular side effects induced by anthracycline 
chemotherapy.

 ► Another strength of the proposed study is our focus 
on measuring vascular function using ultrasound 
imaging, as well as molecular approaches in mea-
suring matrix metalloproteinases; these measure-
ments allow to identify whether HIIT can be used 
to improve extracellular matrix remodelling by tar-
geting matrix metalloproteinases in breast cancer 
survivors undergoing treatment with anthracyclines.

 ► Although this study will provide the first evidence of 
HIIT targeting vascular function in breast cancer sur-
vivors undergoing anthracycline chemotherapy, it is 
possible that we may demonstrate that endothelial 
function is maintained and not worsened during the 
HIIT intervention when compared with the delayed 
group.

 ► We recognise that poor adherence is a possibility 
given the time and effort needed to participate in 
an intervention study, in particular while undergoing 
anthracycline chemotherapy.
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chemotherapy are at even greater risk for CVD mortality.3 
BCS who receive chemotherapy have a 1.7-fold increased 
risk of CVD mortality than those who receive only radio-
therapy and endocrine therapy.1 In particular, anthracy-
clines, used in the treatment of early and advanced stage 
breast cancer, have negative cardiovascular consequences, 
including increased risk for coronary heart disease and 
heart failure.4 5 Despite the potential cardiotoxicity, anth-
racyclines lead to higher survival and lower recurrence 
compared with non-anthracycline chemotherapy such as 
cyclophosphamide, methotrexate and fluorouracil.6 

While the exact mechanisms by which anthracyclines 
cause cardiovascular dysfunction are still unknown, it is 
plausible that anthracyclines-induced oxidative stress 
may be responsible for endothelial dysfunction.7 Anth-
racyclines’ major mechanism of action is intercalation, 
in which the anthracycline inserts itself and binds to the 
DNA structure of a cell, inhibiting replication of cancer 
cells.8 During anthracycline intercalation, oxidative stress 
is caused by the increased production of reactive oxygen 
species (ROS), which disrupts the regulation of nitric 
oxide, a major vasodilator.9 The bioavailability of nitric 
oxide is reduced due to anthracycline-generated ROS that 
scavenge the nitric oxide. This aspect of vascular endothe-
lial dysfunction results in reduced brachial artery flow-me-
diated dilation (baFMD) and thickening of the carotid 
intima media (cIMT), both of which can be assessed via 
ultrasound imaging.10 Reduced baFMD and increased 
cIMT are evident in patients with CVD, including hyper-
tension, stroke and heart failure.11–13 Oxidative stress 
further increases damage in the extracellular matrix 
(ECM), which structurally supports surrounding endo-
thelial cells.14 ECM surrounding endothelial cells 
is mainly regulated by matrix metalloproteinases (MMPs). 
In particular, MMP-2 and MMP-9 are overactivated by 
ROS during anthracycline intercalation; this is another 
pathway contributing to endothelial dysfunction and 
thickening of the arterial wall by degrading the connec-
tive tissue and basement membrane.15–17 For example, 
anthracyclines markedly increased the activity of MMP-2 
and MMP-9 in the carotid artery and peripheral blood 
following 8 weeks of treatment in rats.18

Exercise is a safe and cost-effective strategy targeting 
many health outcomes (ie, cardiorespiratory fitness 
and endothelial function) in BCS,19 and therefore is a 
candidate to offset cancer treatment side effects given 
the burden of pharmaceutical treatments experienced 
by BCS in 8 weeks.20–22 The benefits of exercise in BCS 
are well established, and include improvements in 
physical function, quality of life and activities of daily 
living.23 24 Exercise promotes vascular shear stress, which 
decreases oxidative stress,25 and thereby increases endo-
thelial function measured by baFMD in CVD popula-
tions.26 27 High-intensity interval training (HIIT) is an 
exercise strategy that maximises exercise intensity by 
using bursts of concentrated effort alternated with active 
recovery periods.28 HIIT allows patients to perform 
vigorous-intensity exercise due to the ‘on-off’ pattern of 

exercise. The ‘on’ portion of HIIT typically lasts 1–4 min 
performed at 80%–90% of peak power output (PPO) 
or maximum heart rate (MHR), followed by the ‘off’ 
period of 1–3 min active break (10% PPO, or 40%–50% 
to 60% of MHR).29 HIIT is a clinically proven, safe and 
cost-effective intervention in patients with stroke or heart 
failure.29–32 This strategy has been shown to be more effec-
tive than moderate continuous intensity aerobic exercise 
for improving endothelial function among healthy adults 
and patients with CVD.19 30 33 Overall, HIIT is a time-effi-
cient exercise strategy that successfully increases endothe-
lial function measured by baFMD in patients with severe 
CVD, such as coronary heart disease,19heart failure34 and 
stroke,30 without serious adverse events. Therefore, HIIT 
may have the capacity to improve endothelial function 
and atherosclerosis in BCS who are undergoing anthracy-
cline chemotherapy. While the benefits of HIIT have been 
investigated on cancer-related fatigue29 35 and health-re-
lated quality of life36 in patients with cancer, there is no 
specific evidence demonstrating the feasibility of HIIT in 
BCS undergoing anthracycline chemotherapy. Further, 
novel aspects of our exercise programme design warrant 
an assessment of feasibility. Specifically, the prescribed 
HIIT intensity in our pilot study is based on PPO, which 
differs from previous studies which quantified inten-
sity using the predicted MHR37 or ratings of perceived 
exertion.35

objectives
This pilot study was designed to determine the feasibility 
of an 8-week HIIT intervention in BCS undergoing anth-
racycline chemotherapy. We hypothesise that an 8-week 
HIIT exercise intervention will be a feasible exercise 
training approach, whereby more than 50% of patients 
randomised to the HIIT intervention are able to complete 
an average of 70% (63/90 min) of total prescribed weekly 
minutes of exercise and >70% (17/24 sessions) of total 
exercise sessions. Our second aim is to investigate the 
effect of an 8-week supervised HIIT intervention on 
endothelial function. We hypothesise that an 8-week HIIT 
exercise intervention will increase baFMD compared with 
the delayed (DEL) group. Lastly, we seek to investigate the 
effect of an 8-week HIIT exercise intervention on ECM 
remodelling measured as levels of MMPs. We hypothesise 
that an 8-week HIIT exercise intervention will improve 
circulating plasma MMP-2 and MMP-9, compared with 
the DEL group.

MEthods And AnAlysIs
Experimental design

Participants are recruited from the breast cancer clinics 
at the Norris Comprehensive Cancer Center (NCCC) 
and the Los Angeles County Medical Center. Our recruit-
ment strategy is to closely collaborate with our medical 
oncology team. Specifically, when the patients come for 
their medical oncology appointment, they are informed 
about the study by the medical staff including medical 
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oncologists, fellow, nurse or the principal investigator (PI), 
with the PI on hand at all clinic times to ensure successful 
screening and consent of eligible participants. Following 
informed consent and determination of eligibility at 
the screening visit, eligible and consenting participants 
complete their baseline test at the Integrative Center 
for Oncology Research in Exercise (ICORE) within 1–2 
weeks prior to the start of the intervention period in a 
1:1 ratio of allocation. Participants are randomly assigned 
using computer-generated, investigator-blinded rando-
misation to the HIIT group or the DEL group. Partici-
pants randomised to the HIIT group visit the ICORE to 
complete three exercise sessions for a total of 90 min of 
weekly exercise during the 8-week intervention period. 
Participants randomised to the DEL group are asked to 
maintain their current level of physical activity, which 
should not exceed 30 min of total structured exercise 
per week. All participants return to the ICORE within 
1 week following completion of the 8-week study period 
for post-testing. Outcome measures are obtained at base-
line within 1 week prior to the first cycle of anthracyclines 
(week 0), at week 9, within 2–5 days from the last exercise 
session, and week 17 (8 weeks following poststudy assess-
ment) (figure 1).22 38

study status
Study enrolment, intervention and data collection are 
ongoing.

Patient and public involvement
Patients or the public were not involved in the develop-
ment of the research question, study design and recruit-
ment process.

PArtICIPAnts
Eligibility criteria
Participants who meet the following requirements are 
eligible: (1) women ≥18 years of age diagnosed (stages 
I–III) with a first primary invasive breast cancer; (2) 
receiving (neo)adjuvant anthracycline; (3) able to initiate 
exercise programme within 1–2 weeks of initiation of 
chemotherapy; (4) less than 30 min of physical activity 
per week; (5) non-smokers in the previous 12 months; (6) 
willing to travel to the exercise facility at the University of 
Southern California (USC); and (7) able to provide physi-
cian clearance to participate in the exercise programme. 
The following are the exclusion criteria: (1) history of 
chronic disease including diabetes, uncontrolled hyper-
tension or thyroid disease; (2) weight reduction ≥10% 
within the past 6 months; (3) metastatic disease; (4) overt 
CVD (myocardial infarction, stroke, angina); (5) contra-
indications to exercise; and (6) participation in regular 
exercise defined as greater than 30 min exercise per week 
screened by medical oncologist and PI and/or participa-
tion in other lifestyle interventions such as psychosocial 
or diet interventions.

recruitment strategy
We aim to recruit roughly three participants per month 
based on the estimated number of eligible patients who 
visit the breast clinics at USC; thus, we anticipate reaching 
the targeted sample size within 10 months. Recruitment 
occurs primarily at the Los Angeles County Hospital and 
the USC NCCC Breast Cancer Clinic via onsite recruitment 
by the PI. Eligible patients scheduled for anthracycline 
are informed about the study at their medical oncology 
appointments to ensure successful screening and consent 
of eligible participants. Oncologists inform the PI when 
eligible participants who are interested in participating 
are identified. Interested participants are informed of the 
study details by the PI and patient eligibility is confirmed. 

Figure 1 Study flow. DEL, delayed; HIIT, high-intensity 
interval training; LAC, Los Angeles County Hospital; NCCC, 
Norris Comprehensive Cancer Center; USC, University of 
Southern California. 
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The conversation between the PI and the potential partic-
ipants takes place in a private room at the hospital. Written 
informed consent is obtained prior to study procedures.

Intervention
The HIIT protocol includes seven bouts of 1 min high-in-
tensity exercise followed by 2 min of active recovery 
(figure 2). A similar protocol was used by Boyne et al,30 
who reported that HIIT significantly improved endothe-
lial function in patients with chronic stroke compared 
with moderate aerobic exercise. All exercise sessions 
are supervised by the PI, a certified exercise trainer, are 
performed on a stationary bike and take place at USC 
ICORE. Based on peak PPO measured by a maximal 
oxygen uptake (VO2max) fitness test, exercise inten-
sity is individually prescribed for HIIT intensity. Each 
session consists of a 5 min warm-up performed at 10% 
PPO followed by a 21 min HIIT stimulus (90% PPO/10% 
PPO) and 5 min cool-down (10% PPO).30 The HIIT bouts 
consist of seven 1 min high-intensity intervals performed 
at 90% PPO followed by a 2 min low-intensity recovery 
interval performed at 10% PPO for the 21 min HIIT 
duration.

Participants are encouraged to complete each exer-
cise session with one full day of rest in between sessions, 
and are completed on days when participants have not 
received anthracyclines infusion. If a participant prefers 
to perform two or three consecutive sessions in a given 
week (vs one session every other day) due to anthracy-
clines-induced side effects (eg, fatigue), this is docu-
mented on the exercise session form and the number of 
consecutive sessions in a week is counted. Power output, 
heart rate, rating of perceived exertion (Borg Scale of 
6–20) and the total minutes of exercise completed are 
documented during each exercise session for each 
interval. Participants are encouraged to make up any 
missed sessions in the same week or during a 2-week 
make-up period (extending the intervention period to 
10 weeks if needed), and have the ability to schedule 
their exercise sessions at days and times convenient for 

the participants alongside their individual treatment 
schedule. The DEL group is asked not to initiate a struc-
tured exercise programme during the first 8 weeks of 
the study period and to maintain their current level of 
physical activity (<30 min of total structured exercise 
per week). During this time the DEL group is asked to 
document their weekly physical activity on exercise logs. 
Following the first 8 weeks of intervention, the DEL 
group is provided the same HIIT intervention.

outCoMEs
All outcome assessments (table 1) are performed by the 
PI.

Feasibility
Overall feasibility of HIIT is assessed using the average 
weekly exercise completion (min/week) of all partici-
pants in the HIIT group. Perceived limitations of enrol-
ment in a previous study were lack of interest, too far 
to travel and too busy.39 Chemotherapy-induced fatigue 
can be another barrier to adherence. Thus, the HIIT 
programme is considered feasible if more than 50% of 
patients randomised to the given condition are able to 
complete 70% (63/90 min) of prescribed weekly exercise 
(17/24 sessions).40 This method of feasibility was set forth 
based on previous studies in BCS that reported the adher-
ence of exercise intervention ranges from 68% to 80%. 
Particularly, exercise adherence is lower in the studies 
which included cancer survivors undergoing chemo-
therapy, whereas higher adherence was reported in 
cancer survivors who completed cancer treatment.39 If at 
least half of the participants do not complete an average 
of 70% of the weekly exercise time, the exercise interven-
tion is not classified as feasible. In the event that a partic-
ipant is not able to complete the entire exercise session, 
the number of minutes (out of 30 min) completed during 
each exercise session is documented.

Figure 2 Sample high-intensity interval training intervention per session. Grey bars indicate high-intensity intervals at 90% 
peak power output and black bars indicate the 2 min active rest interval at 10% peak power output.
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Arterial wall thickening: cIMt
After a 12-hour fast and abstinence from alcohol, 
caffeine and vitamins, arterial wall thickening is eval-
uated measuring cIMT. Participants lie in the supine 
position on the plinth to non-invasively image common 
carotid arteries (left and right) using B-mode ultrasound 
(GE LOGIQ e). The ultrasound scan is used to measure 
the lumen diameter, intima media thickness, and the pres-
ence and extent of carotid plaques. Large interventional 
studies have shown that cross-sectional cIMT is positively 
associated with CVD risk including stroke.41 42 To measure 
cIMT, the carotid bifurcation is detected as a reference; 
a region of interest (ROI) is identified by the far (poste-
rior) arterial wall along a 10 mm section proximal to the 
carotid bifurcation (the average value of three measure-
ments). Using autodetection software developed by GE 
Healthcare, an ultrasound calliper automatically detects 
the ROI (where a bright-dark bright pattern corresponds 
to the intima media adventitia layers of the arterial 
walls).43 This autodetection technique provides an accu-
rate measure of the cIMT and reduces the subjectivity of 
manual approaches by detecting the cIMT throughout 
the artery length, rather than using only a few points 
of cIMT (intraclass correlation coefficient of repeated 
measurements over a week: 0.95).43

Endothelial function: baFMd
Following carotid ultrasonography for cIMT measure-
ment, endothelial function is evaluated using baFMD 
while the participant is in the supine position. A rapid 
inflation and deflation blood pressure cuff is positioned 
on the contralateral arm from mastectomy or lumpec-
tomy immediately distal to the antecubital fossa to provide 
a stimulus to forearm ischaemia, 1 cm below the antecu-
bital fossa.44 If the participant had bilateral surgery, the 
study oncologist determines which arm to test. A 10 MHz 
multifrequency linear array probe, attached to a high-res-
olution ultrasound machine (GE LOGIQ e), is used to 

image the brachial artery in the distal third of the upper 
arm. A single-lead ECG recording is obtained concur-
rently during acquisition of brachial artery images. The 
B-mode image of the brachial artery and Doppler images 
of flow are recorded for 20 s at baseline (P0). Extravas-
cular landmarks are identified and labelled to assure that 
the imaged segment of the brachial artery is reproduced 
within and across participants. After baseline images, the 
cuff is inflated to 250 mm Hg for 5 min.45 Following limb 
ischaemia, there is a rapid increase in forearm blood flow, 
which slowly returns to baseline values, and is termed 
reactive hyperaemia. Digitised images of the brachial 
artery are captured continuously for 30 s before cuff infla-
tion and for 5 min following cuff release, to document 
the endothelial-dependent vasodilator response. baFMD 
is calculated from the brachial artery diameter at base-
line (D0) and 1 min after cuff deflation (D1). baFMD is 
the percentage change of brachial artery diameter 1 min 
after cuff deflation relative to the baseline (baFMD=100 × 
(D1−D0)/D0).45

ECM remodelling: MMP analyses
A fasting venous blood sample is drawn by a licensed 
phlebotomist, separated into plasma and serum to be 
stored at −80°C until later processing. MMP-2 and MMP-9 
are assessed, as well as other CVD risk-related MMPs 
(MMP-1, MMP-7, MMP-10 and MMP-14) and tissue inhib-
itor of matrix metalloproteinases (TIMP-1 and TIMP-
2). MMPs and TIMPs are processed using the MagPlex 
suspension bead array immunoassays on a Luminex 100 
Bioanalyzer (Luminex 100, Luminex Corporation, Austin, 
Texas) according to the kit manufacturer’s instructions 
(Milliplex ELISA kits, Millipore, Massachusetts) by the 
USC Metabolic Assay Core. Briefly, 50 mL plasma samples 
are incubated with fluorokine-coloured microspheres 
coated with specific antibodies, and analytes are allowed 
to bind to the specific antibody-coated microspheres, 
as previously described.46 Samples are then washed and 

Table 1 Study visit timeline and assessment

Preintervention 
(visit 1)
Week 0-a
HIIT and DEL 
groups

Preintervention 
(visit 2)
Week 0-b
HIIT and DEL 
groups

Intervention 
(HIIT only) 
(visits 3–27; 
HIIT only)
Weeks 1–8

Post-testing 
(visit 28)
Week 9
HIIT and DEL 
groups

Intervention 
(DEL only) 
(visits 4–28)
Weeks 10–17

Follow-up 
testing (visit 29)
Week 17
HIIT and DEL 
groups

Eligibility/informed 
consent/randomisation

X

Height, weight, body mass 
index

X X X

Blood draw X X X

Body compositions X X X

Blood pressure/heart rate X X X

baFMD/cIMT X X X

Cardiopulmonary fitness X X X

Questionnaires X X X

baFMD, brachial artery flow-mediated dilation; cIMT, carotid intima media thickness; DEL, delayed; HIIT, high-intensity interval training. 
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incubated with biotinylated antibodies and phycoeryth-
rin-conjugated streptavidin. Finally, fluorescence is 
detected using a flow cytometry technique (Luminex 100, 
Luminex Corporation). Although we do not target the 
activity of TIMPs, the concentration of TIMPs is used to 
conduct a sensitivity analysis of the ratio of MMPs/TIMPs, 
which represents a single value of MMPs at the global 
proteolytic balance.47 All samples are assayed in duplicate 
wells (25 μL per well), and the mean of these results is 
used. MMP concentrations are calculated by reference 
to an eight-point spline fit curve. We store additional 
blood samples for future analysis of biomarkers related to 
insulin sensitivity.

AddItIonAl outCoMEs
Cardiorespiratory fitness
All participants complete a baseline cardiorespiratory 
fitness test (week 0) using a maximal effort cycling 
protocol to measure VO2max, used in order to prescribe 
the relative exercise intensity.48 49 The specific protocol 
comprises a 10W increase in workload every 1 min, 
starting at 40W. This testing is performed with standard 
equipment for indirect calorimetry (Parvo Medics, Salt 
Lake City, Utah) in an incremental protocol until exhaus-
tion (respiratory exchange ratio >1.10, heart rate ±10/
min predicted MHR, ratings of perceived exertion 17; in 
6–20 ratings) on a recumbent bike. Before the fitness test 
is performed, participants are familiarised with the testing 
protocol using standardised verbal instructions indicating 
the duration of each stage, maintaining the same RPM 
throughout the test, and increases of torque during the 
test. Participants are instructed on proper pedalling, 
high-intensity and low-intensity periods, with a resistance 
corresponding to 10%–20% of PPO and a pedal rate of 
60 RPM.50 Following this testing, PPO is obtained at the 
last stage of maximal cycling testing, and the PPO is used 
to prescribe the intensity of HIIT.

body composition
Body compositions (lean body mass and fat mass) are 
measured using an InBody 770 bioelectrical impedance 
scale (Biospace, Cerritos, California). These measures 
will be used as possible covariates and to determine if the 
improvement in vascular function is independent of body 
composition. Participants are scanned using standard 
imaging and positioning protocols recommended by the 
manufacturer. Body mass index in kg/m2 is calculated 
from height and weight measurements using a medical 
scale (Detecto 437, Webb City, Missouri).

lifestyle measures
These are obtained using validated questionnaires at 
baseline, 8-week postintervention and 16-week follow-up, 
and include the following: International Physical Activity 
Questionnaire, 3 Day Dietary Recall, Functional Assess-
ment of Cancer Therapy-Breast and Functional Assess-
ment of Cancer Therapy-Fatigue.

dAtA sAFEty And MonItorIng
All data are securely managed by the PI and are regu-
larly monitored by the USC NCCC Data and Safety Moni-
toring Committee. This ensures the safety of participants, 
validity of data, appropriate termination of study, evalu-
ation of the current accrual relative to the planned total 
accrual, examination of all reported protocol violations 
and review of past audits. The safety of the exercise inter-
vention is assessed and documented on the participant’s 
exercise training chart by study personnel by recording 
of adverse events. Adverse events are identified at every 
exercise session and testing time point. Serious adverse 
events (events resulting in hospitalisation) are reported 
within 24 hours to research governance committees 
(Institutional Review Boards and Data and Safety Moni-
toring Committee).

sAMPlE sIzE
Data from this pilot trial will provide estimates of group 
means, SDs and group differences for use in designing a 
larger definitive efficacy. With a sample size of 30 subjects 
(15 per group) in this pilot study, we are able to estimate 
the means for our outcome variables (within either group 
of 15) with a 95% CI of ±0.51 SD units. At a two-sided 
alpha level of 0.05, we are able to estimate treatment 
group difference in the outcome means with a 95% CI 
of ±0.72 SD units. Since this study is conducted as a pilot 
study, it is designed to inform feasibility and provide esti-
mates of intervention effects.

rAndoMIsAtIon
Once the patient has signed the informed consent and 
trial eligibility is confirmed, participants are randomly 
assigned by computer-generated, investigator-blinded 
randomisation assignments; randomisation is stratified 
by neoadjuvant versus adjuvant anthracyclines treat-
ment in a 1:1 allocation ratio by the Clinical Investiga-
tion Support Office at USC NCCC. To prevent potential 
bias, study personnel do not have access to the rando-
misation list.

dAtA MAnAgEMEnt
Data are collected in a confidential format on paper charts 
and case report forms that are stored securely before 
and after being entered electronically into the secure 
web-based Research Electronic Data Capture application 
(REDCap, Vanderbilt University).

stAtIstICAl AnAlysIs
Feasibility of this study will be assessed using descriptive 
statistics (percentage of protocol-specified sessions and 
minutes completed). Paired t-tests will be used to eval-
uate the differences before and after intervention in each 
group. Repeated-measures ANOVA on the trial outcomes 
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will use a 2 (group: HIIT, DEL) × 2 (time: preinterven-
tion, postintervention, follow-up intervention) analysis. 
In a secondary analysis, participant baseline characteris-
tics that are different across groups will be included as 
covariates in the statistical analyses with a repeated-mea-
sures analysis of covariance model. Residual analyses will 
be performed to test whether the assumptions of the 
model were met. If the residuals do not meet the assump-
tions (ie, linearity, homoscedasticity and normality), data 
transformations will be performed.

dIsCussIon
Within clinical settings, HIIT is traditionally prescribed 
using predicted MHR or ratings of perceived exertion 
in previous clinical settings.33 37 51–53 However, given that 
individuals have different resting/maximal heart rates 
and heart rate recovery, especially during chemotherapy 
treatment, using heart rate as an indicator of intensity in 
this population does not guarantee a similar absolute or 
relative intensity to individuals not undergoing chemo-
therapy. PPO has become a more precise measure to 
prescribe and monitor exercise intensity during HIIT, 
because it is not only objective, but is a direct measure of 
the rate of external work performed which has not been 
proven in this population.54 55

This pilot trial was designed to determine the feasibility 
of HIIT in BCS undergoing anthracyclines, and second-
arily assess exercise-induced changes in vascular function. 
HIIT is a novel exercise strategy for BCS undergoing 
anthracyclines, which may allow clinical populations to 
perform vigorous-intensity exercise due to the ‘on-off’ 
pattern of exercise. Importantly, lower volumes of HIIT 
compared with higher volumes of moderate continuous 
intensity exercise elicit better cardiovascular outcomes 
such as endothelial function and VO2max; therefore HIIT 
is an effective and time-efficient exercise option.56 Given 
the barrier of compliance of BCS to regular exercise 
participation, HIIT is an intriguing alternative to tradi-
tional endurance-based exercise training for increasing 
cardiovascular benefits requiring a shorter exercise 
duration.57

Another innovative feature of this study is our focus on 
improving vascular function in BCS undergoing anthra-
cyclines. HIIT in comparison with moderate continuous 
intensity exercise has successfully improved endothelial 
function in patients with CVD, such as coronary heart 
disease,19heart failure53 and stroke.30 Thus, HIIT may 
have the capacity to improve endothelial function and 
atherosclerosis in BCS undergoing anthracyclines. 
Increased atherosclerosis and endothelial dysfunction 
are major detrimental impacts of anthracyclines which 
impair cardiovascular function, including cardiac auto-
nomic dysfunction, decreased diastolic pressure and 
coronary perfusion.58 These detrimental impacts are 
significantly correlated with the dysregulation of ECM 
remodelling measured by the level of MMPs; it is unclear 
whether dysregulation of MMPs is improved by exercise 

in BCS undergoing treatment with anthracyclines. This 
study allows us to identify whether HIIT can be used to 
improve ECM remodelling by targeting MMPs in BCS 
undergoing treatment with anthracyclines.

We hypothesise that the HIIT intervention is feasible in 
this population. The method of feasibility we set forth was 
based on previous studies that reported 68%–80% adher-
ence to exercise intervention in patients with breast 
cancer.39 59 60 Exercise adherence was notably lower 
in studies which included patients with cancer under-
going chemotherapy (68%–72%),39 59 whereas higher 
adherence was reported in patients who had completed 
cancer treatment (83%–95%).38 60 Because exercise 
adherence may be disrupted by cancer treatment and 
its adverse effects, it is important to know whether BCS 
are able to complete the prescribed minutes of HIIT, 
along with prescribed number of exercise sessions while 
they are undergoing anthracyclines. Previous studies 
determined the feasibility by the number of exercise 
sessions attended and did not report the number of 
exercise minutes completed per session.39 59 Therefore 
we defined the feasibility of this study as an average of 
70% (63/90 min) completion of exercise minutes and 
70% completion of the total number of exercise session 
(17/24 sessions).

We acknowledge potential limitations in our study 
design. Although this study will provide the first evidence 
of HIIT targeting vascular function in BCS undergoing 
AC, it is possible that we may demonstrate that endothe-
lial function is maintained and not worsened during the 
HIIT intervention when compared with the DEL group. 
However, this is an important clinical finding given that 
HIIT may prevent worsening of CVD risk factors. Second, 
we recognise that poor adherence is a possibility given 
the time and effort needed to participate in an interven-
tion study, in particular while undergoing chemotherapy. 
Therefore, we have accounted for a 15% attrition rate to 
allow for dropout participants; we do not expect a higher 
dropout rate using data from previous studies that have 
conducted exercise training during chemotherapy.61 
Finally, recruitment of BCS can be challenging.62–64 
However, given our ongoing successful recruitment strat-
egies including collaboration with the medical oncology 
team at USC, we believe a successful support team and 
recruitment plan are in place for the proposed study.

EthICs And dIssEMInAtIon
This trial is registered at  ClinicalTrials. gov 
(NCT02454777). All study participants are consented to 
participate in the study prior to data collection without 
any element of force, fraud and duress. Sufficient 
knowledge and comprehension of research procedures 
including purpose, methods and means by which it is to 
be conducted are provided. Any potential risk, benefits, 
discomfort and hazards are reasonably explained by the 
PI. Participants are not excluded from the study based on 
race, religion or socioeconomic status.

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2018-022622 on 30 June 2018. D

ow
nloaded from

 

http://bmjopen.bmj.com/


8 Lee K, et al. BMJ Open 2018;8:e022622. doi:10.1136/bmjopen-2018-022622

Open access 

Author affiliations
1Division of Biokinesiology and Physical Therapy, Ostrow School of Dentistry, 
University of Southern California (USC), Los Angeles, California, USA
2Department of Medicine, University of Southern California (USC), Los Angeles, 
California, USA
3Division of Medical Oncology and Experimental Therapeutics, City of Hope 
Comprehensive Cancer Center, Duarte, California, USA
4Department of Preventive Medicine, Keck School of Medicine, University of 
Southern California (USC), Los Angeles, California, USA
5Graduate School of Biomedical Sciences and Engineering, University of Maine, 
Orono, Maine, USA

Contributors KL, IK, CMD-C, LAF, FS, JM, GS and WJM: study conception and 
design. KL: study coordinator, exercise trainer, endpoint assessments and data 
manager. KL and CMD-C: study management, and writing and reviewing of the 
manuscript. JM and FS: study physicians and medical advice, and writing and 
reviewing of the manuscript. KL and CMD-C: exercise intervention and performance 
testing conception. KL: biospecimen collection and analysis. WJM: statistical 
analyses. All authors have read and approved the final manuscript.

Funding This work was supported by grant UL1TR001855 from the National 
Center for Advancing Translational Science (NCATS) of the US National Institutes of 
Health. 

disclaimer The content is solely the responsibility of the authors and does not 
necessarily represent the official views of the National Institutes of Health.

Competing interests None declared.

Patient consent Not required.

Ethics approval This study has been approved by the University of Southern 
California Institutional Review Board (HS-15–00227), and follows the Health 
Insurance Portability and Accountability Act (HIPAA) mandate.

Provenance and peer review Not commissioned; externally peer reviewed.

open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited and the use is non-commercial. See: http:// creativecommons. org/ 
licenses/ by- nc/ 4. 0/

© Article author(s) (or their employer(s) unless otherwise stated in the text of the 
article) 2018. All rights reserved. No commercial use is permitted unless otherwise 
expressly granted.

rEFErEnCEs
 1. Bradshaw PT, Stevens J, Khankari N, et al. Cardiovascular 

disease mortality among breast cancer survivors. Epidemiology 
2016;27:6–13.

 2. Mozaffarian D, Benjamin EJ, Go AS, et al. Heart Disease and 
Stroke Statistics-2016 Update: A Report From the American Heart 
Association. Circulation 2016;133:E38–60.

 3. Boerman LM, Berendsen AJ, van der Meer P, et al. Long-term 
follow-up for cardiovascular disease after chemotherapy and/or 
radiotherapy for breast cancer in an unselected population. Support 
Care Cancer 2014;22:1949–58.

 4. Sawyer DB. Anthracyclines and heart failure. N Engl J Med 
2013;368:1154–6.

 5. Murtagh G, Lyons T, Geraghty L, et al. Silent risk? Cardiovascular risk 
factor control and stage B heart failure in survivors of breast cancer 
treated with anthracyclines. Eur J Heart Fail Title 2013;12:S289.

 6. Zare N, Ghanbari S, Salehi A. Effects of two chemotherapy regimens, 
anthracycline-based and CMF, on breast cancer disease free 
survival in the Eastern Mediterranean Region and Asia: a meta-
analysis approach for survival curves. Asian Pac J Cancer Prev 
2013;14:2013–7.

 7. Stěrba M, Popelová O, Vávrová A, et al. Oxidative stress, redox 
signaling, and metal chelation in anthracycline cardiotoxicity 
and pharmacological cardioprotection. Antioxid Redox Signal 
2013;18:899–929.

 8. Searle MS, Maynard AJ, Williams HE. DNA recognition by the 
anthracycline antibiotic respinomycin D: NMR structure of the 
intercalation complex with d(AGACGTCT)2. Org Biomol Chem 
2003;1:60–6.

 9. Lymanets TV, Maslova GS, Skrypnyk IM. The nitric oxide system 
imbalance role in the development of anthracycline cardiotoxicity in 
acute leukemia patients with concomitant ischemic heart disease. 
World of Medicine and Biology 2016:35–40.

 10. Volkova M, Russell R. Anthracycline cardiotoxicity: prevalence, 
pathogenesis and treatment. Curr Cardiol Rev 2011;7:214–20.

 11. Veerabhadrappa P, Diaz KM, Feairheller DL, et al. Endothelial-
dependent flow-mediated dilation in African Americans with masked-
hypertension. Am J Hypertens 2011;24:1102–7.

 12. Santos-García D, Blanco M, Serena J, et al. Impaired brachial flow-
mediated dilation is a predictor of a new-onset vascular event after 
stroke. Cerebrovasc Dis 2011;32:155–63.

 13. Tarro Genta F, Eleuteri E, Temporelli PL, et al. Flow-mediated dilation 
normalization predicts outcome in chronic heart failure patients. J 
Card Fail 2013;19:260–7.

 14. Nikitovic D, Juranek I, Wilks MF, et al. Anthracycline-dependent 
cardiotoxicity and extracellular matrix remodeling. Chest 
2014;146:1123–30.

 15. Kandasamy AD, Chow AK, Ali MA, et al. Matrix metalloproteinase-2 
and myocardial oxidative stress injury: beyond the matrix. Cardiovasc 
Res 2010;85:413–23.

 16. Kelly PJ, Morrow JD, Ning M, et al. Oxidative stress and matrix 
metalloproteinase-9 in acute ischemic stroke: the biomarker 
evaluation for antioxidant therapies in stroke (BEAT-Stroke) study. 
Stroke 2008;39:100–4.

 17. Nagareddy PR, Rajput PS, Vasudevan H, et al. Inhibition of 
matrix metalloproteinase-2 improves endothelial function and 
prevents hypertension in insulin-resistant rats. Br J Pharmacol 
2012;165:705–15.

 18. Ivanová M, Dovinová I, Okruhlicová L, et al. Chronic cardiotoxicity of 
doxorubicin involves activation of myocardial and circulating matrix 
metalloproteinases in rats. Acta Pharmacol Sin 2012;33:459–69.

 19. Currie KD, Bailey KJ, Jung ME, et al. Effects of resistance training 
combined with moderate-intensity endurance or low-volume high-
intensity interval exercise on cardiovascular risk factors in patients 
with coronary artery disease. J Sci Med Sport 2015;18:637–42.

 20. Robinson AT, Franklin NC, Norkeviciute E, et al. Improved arterial 
flow-mediated dilation after exertion involves hydrogen peroxide in 
overweight and obese adults following aerobic exercise training. J 
Hypertens 2016;34:1309–16.

 21. Tinken TM, Thijssen DH, Hopkins N, et al. Shear stress mediates 
endothelial adaptations to exercise training in humans. Hypertension 
2010;55:312–8.

 22. Donley DA, Fournier SB, Reger BL, et al. Aerobic exercise training 
reduces arterial stiffness in metabolic syndrome. J Appl Physiol 
2014;116:1396–404.

 23. Swisher AK, Abraham J, Bonner D, et al. Exercise and dietary advice 
intervention for survivors of triple-negative breast cancer: effects 
on body fat, physical function, quality of life, and adipokine profile. 
Support Care Cancer 2015;23:2995–3003.

 24. Capozzi LC, Nishimura KC, McNeely ML, et al. The impact of 
physical activity on health-related fitness and quality of life for 
patients with head and neck cancer: a systematic review. Br J Sports 
Med 2016;50:325–38.

 25. Yoshida N, Shiotani E, Niiyama H, et al. Combined aerobic and 
resistance exercise training decrease oxidative stress by augmenting 
antioxidant potential in patients with cardiovascular disease. Circ J 
2014;78.

 26. Kurban S, Mehmetoglu I, Yerlikaya HF, et al. Effect of chronic regular 
exercise on serum ischemia-modified albumin levels and oxidative 
stress in type 2 diabetes mellitus. Endocr Res 2011;36:116–23.

 27. Conti FF, Brito JO, Bernardes N, et al. Positive effect of combined 
exercise training in a model of metabolic syndrome and menopause: 
autonomic, inflammatory, and oxidative stress evaluations. Am J 
Physiol Regul Integr Comp Physiol 2015;309:R1532–R1539.

 28. Cockcroft EJ, Williams CA, Tomlinson OW, et al. High intensity 
interval exercise is an effective alternative to moderate intensity 
exercise for improving glucose tolerance and insulin sensitivity in 
adolescent boys. J Sci Med Sport 2015;18:720–4.

 29. Adams V, Alves M, Fischer T, et al. High-intensity interval training 
attenuates endothelial dysfunction in a Dahl salt-sensitive rat model 
of heart failure with preserved ejection fraction. J Appl Physiol 
2015;119:745–52.

 30. Boyne P, Dunning K, Carl D, et al. Abstract W MP58: high intensity 
interval training may be superior to moderate intensity continuous 
exercise in chronic stroke. Stroke 2015;46.

 31. Casla S, Hojman P, Márquez-Rodas I, et al. Running away from side 
effects: physical exercise as a complementary intervention for breast 
cancer patients. Clin Transl Oncol 2015;17:180–96.

 32. Buffart LM, Newton RU, Chinapaw MJ, et al. The effect, moderators, 
and mediators of resistance and aerobic exercise on health-related 

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2018-022622 on 30 June 2018. D

ow
nloaded from

 

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://dx.doi.org/10.1097/EDE.0000000000000394
http://dx.doi.org/10.1161/CIR.0000000000000350
http://dx.doi.org/10.1007/s00520-014-2156-9
http://dx.doi.org/10.1007/s00520-014-2156-9
http://dx.doi.org/10.1056/NEJMcibr1214975
http://dx.doi.org/10.7314/APJCP.2013.14.3.2013
http://dx.doi.org/10.1089/ars.2012.4795
http://dx.doi.org/10.1039/b208622k
http://dx.doi.org/10.2174/157340311799960645
http://dx.doi.org/10.1038/ajh.2011.103
http://dx.doi.org/10.1159/000328651
http://dx.doi.org/10.1016/j.cardfail.2013.01.014
http://dx.doi.org/10.1016/j.cardfail.2013.01.014
http://dx.doi.org/10.1378/chest.14-0460
http://dx.doi.org/10.1093/cvr/cvp268
http://dx.doi.org/10.1093/cvr/cvp268
http://dx.doi.org/10.1161/STROKEAHA.107.488189
http://dx.doi.org/10.1111/j.1476-5381.2011.01583.x
http://dx.doi.org/10.1038/aps.2011.194
http://dx.doi.org/10.1016/j.jsams.2014.09.013
http://dx.doi.org/10.1097/HJH.0000000000000946
http://dx.doi.org/10.1097/HJH.0000000000000946
http://dx.doi.org/10.1161/HYPERTENSIONAHA.109.146282
http://dx.doi.org/10.1152/japplphysiol.00151.2014
http://dx.doi.org/10.1007/s00520-015-2667-z
http://dx.doi.org/10.1136/bjsports-2015-094684
http://dx.doi.org/10.1136/bjsports-2015-094684
http://dx.doi.org/10.3109/07435800.2011.566236
http://dx.doi.org/10.1152/ajpregu.00076.2015
http://dx.doi.org/10.1152/ajpregu.00076.2015
http://dx.doi.org/10.1016/j.jsams.2014.10.001
http://dx.doi.org/10.1152/japplphysiol.01123.2014
http://dx.doi.org/10.1007/s12094-014-1184-8
http://bmjopen.bmj.com/


9Lee K, et al. BMJ Open 2018;8:e022622. doi:10.1136/bmjopen-2018-022622

Open access

quality of life in older long-term survivors of prostate cancer. Cancer 
2015;121:2821–30.

 33. Sawyer BJ, Bhammar DM, Tucker WJ, et al. Effects of high-intensity 
interval and continuous training on endothelial function and glucose 
regulation in obesity. Medicine & Science in Sports & Exercise 
2014;46:863.

 34. Holloway TM, Bloemberg D, Da Silva M, et al. Skeletal muscle 
adaptations to high intensity interval and moderate intensity 
exercise in heart failure. Medicine & Science in Sports & Exercise 
2014;46:354.

 35. Mijwel S, Backman M, Bolam KA, et al. Adding high-intensity interval 
training to conventional training modalities: optimizing health-related 
outcomes during chemotherapy for breast cancer: the OptiTrain 
randomized controlled trial. Breast Cancer Res Treat 2018;168.

 36. Adams S, DeLorey D, Davenport M, et al. A randomized controlled 
trial of the effects of high-intensity aerobic interval training on fatigue, 
psychosocial function, and health-related quality of life in testicular 
cancer survivors. Psycho-Oncology 2018;27:68.

 37. Adams SC, DeLorey DS, Davenport MH, et al. Effects of high-
intensity aerobic interval training on cardiovascular disease risk in 
testicular cancer survivors: A phase 2 randomized controlled trial. 
Cancer 2017;123:4057–65.

 38. Dieli-Conwright CM, Courneya KS, Demark-Wahnefried W, et al. 
Effects of aerobic and resistance exercise on metabolic syndrome, 
sarcopenic obesity, and circulating biomarkers in overweight or 
obese survivors of breast cancer: a randomized controlled trial. J Clin 
Oncol 2018;36:875–83.

 39. Courneya KS, Segal RJ, Mackey JR, et al. Effects of aerobic and 
resistance exercise in breast cancer patients receiving adjuvant 
chemotherapy: a multicenter randomized controlled trial. J Clin 
Oncol 2007;25:4396–404.

 40. Courneya KS, McKenzie DC, Mackey JR, et al. Effects of exercise 
dose and type during breast cancer chemotherapy: multicenter 
randomized trial. J Natl Cancer Inst 2013;105:1821–32.

 41. Cao JJ, Thach C, Manolio TA, et al. C-reactive protein, carotid 
intima-media thickness, and incidence of ischemic stroke in the 
elderly: the cardiovascular health study. Circulation 2003;108:166–70.

 42. Polak JF, Pencina MJ, O'Leary DH, et al. Common carotid artery 
intima-media thickness progression as a predictor of stroke in multi-
ethnic study of atherosclerosis. Stroke 2011;42:3017–21.

 43. Menchón-Lara RM, Bastida-Jumilla MC, Morales-Sánchez J, et al. 
Automatic detection of the intima-media thickness in ultrasound 
images of the common carotid artery using neural networks. Med 
Biol Eng Comput 2014;52:169–81.

 44. Thijssen DH, Black MA, Pyke KE, et al. Assessment of flow-mediated 
dilation in humans: a methodological and physiological guideline. Am 
J Physiol Heart Circ Physiol 2011;300:H2–H12.

 45. Stoner L, Sabatier MJ. Use of ultrasound for non-invasive 
assessment of flow-mediated dilation. J Atheroscler Thromb 
2012;19:407–21.

 46. Kang HS, Kim JH, Phi JH, et al. Plasma matrix metalloproteinases, 
cytokines and angiogenic factors in moyamoya disease. J Neurol 
Neurosurg Psychiatry 2010;81:673–8.

 47. Waubant E, Goodkin D, Bostrom A, et al. IFNbeta lowers MMP-9/
TIMP-1 ratio, which predicts new enhancing lesions in patients with 
SPMS. Neurology 2003;60:52–7.

 48. Kirkham AA, Pauhl KE, Elliott RM, et al. Utility of equations to 
estimate peak oxygen uptake and work rate from a 6-minute walk 
test in patients with COPD in a clinical setting. J Cardiopulm Rehabil 
Prev 2015;35:431–8.

 49. Tönis TM, Gorter K, Vollenbroek-Hutten MM, et al. Comparing 
VO2max determined by using the relation between heart rate and 
accelerometry with submaximal estimated VO2max. J Sports Med 
Phys Fitness 2012;52:337–43.

 50. Ozkaya O. familiarization effects of an elliptical all-out test and the 
wingate test based on mechanical power indices. J Sports Sci Med 
2013;12:521–5.

 51. Pimenta M, Bringhenti I, Souza-Mello V, et al. High-intensity interval 
training beneficial effects on body mass, blood pressure, and 
oxidative stress in diet-induced obesity in ovariectomized mice. Life 
Sci 2015;139:75–82.

 52. Larsen AI, Valborgland T, Vegsundvag J, et al. Aerobic high-
intensity exercise training improves coronary flow reserve velocity 
and endothelial function in individuals with chest pain and normal 
coronary angiogram. Eur J Heart Fail Title 2015;36:1154.

 53. Ellingsen Ø, Halle M, Conraads V, et al. High-intensity interval 
training in patients with heart failure with reduced ejection fraction. 
Circulation 2017;135:839–49.

 54. Currie KD, McKelvie RS, Macdonald MJ. Flow-mediated dilation 
is acutely improved after high-intensity interval exercise. Med Sci 
Sports Exerc 2012;44:2057–64.

 55. Patterson RP, Moreno MI. Bicycle pedalling forces as a function 
of pedalling rate and power output. Med Sci Sports Exerc 
1990;22:512???516–6.

 56. Tsukamoto H, Suga T, Takenaka S, et al. Greater impact of acute 
high-intensity interval exercise on post-exercise executive function 
compared to moderate-intensity continuous exercise. Physiol Behav 
2016;155:224–30.

 57. Lee S, Jung M, Uhm S, et al. Abstract C05: Overcoming breast 
cancer related stigma: Lessons learned about outreach, recruitment, 
and retention of Korean breast cancer survivors from an ongoing 
randomized control trial intervention program. Cancer Epidemiology 
Biomarkers & Prevention 2016;25:C05.

 58. Petrelli F, Borgonovo K, Cabiddu M, et al. Mortality, leukemic risk, 
and cardiovascular toxicity of adjuvant anthracycline and taxane 
chemotherapy in breast cancer: a meta-analysis. Breast Cancer Res 
Treat 2012;135:335–46.

 59. Courneya KS, Segal RJ, McKenzie DC, et al. Abstract P4-08-
01: Effects of exercise during adjuvant chemotherapy on clinical 
outcomes in early stage breast cancer. Cancer Res 2013;73:P4-08-
01.

 60. Tang W, Li Z, Tang C, et al. Health literacy and functional exercise 
adherence in postoperative breast cancer patients. Patient Prefer 
Adherence 2017;11:781–6.

 61. Van Waart H, Stuiver MM, Sonke GS, et al. Effect of low versus high 
intensity physical exercise during chemotherapy on physical fitness, 
fatigue and chemotherapy completion rates: results of a randomized, 
controlled trial. Qual Life Res 2014;23:21.

 62. Ott CD, Twiss JJ, Waltman NL, et al. Challenges of recruitment of 
breast cancer survivors to a randomized clinical trial for osteoporosis 
prevention. Cancer Nurs 2006;29:21–31.

 63. Sears SR, Stanton AL, Kwan L, et al. Recruitment and retention 
challenges in breast cancer survivorship research: results 
from a multisite, randomized intervention trial in women with 
early stage breast cancer. Cancer Epidemiol Biomarkers Prev 
2003;12:1087–90.

 64. Mohamady HM, Elsisi HF, Aneis YM. Impact of moderate intensity 
aerobic exercise on chemotherapy-induced anemia in elderly women 
with breast cancer: a randomized controlled clinical trial. J Adv Res 
2017;8:7–12.

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2018-022622 on 30 June 2018. D

ow
nloaded from

 

http://dx.doi.org/10.1002/cncr.29406
http://dx.doi.org/10.1249/01.mss.0000496088.41338.4e
http://dx.doi.org/10.1249/01.mss.0000494238.02203.f6
http://dx.doi.org/10.1007/s10549-017-4571-3
http://dx.doi.org/10.1002/cncr.30859
http://dx.doi.org/10.1200/JCO.2017.75.7526
http://dx.doi.org/10.1200/JCO.2017.75.7526
http://dx.doi.org/10.1200/JCO.2006.08.2024
http://dx.doi.org/10.1200/JCO.2006.08.2024
http://dx.doi.org/10.1093/jnci/djt297
http://dx.doi.org/10.1161/01.CIR.0000079160.07364.6A
http://dx.doi.org/10.1161/STROKEAHA.111.625186
http://dx.doi.org/10.1007/s11517-013-1128-4
http://dx.doi.org/10.1007/s11517-013-1128-4
http://dx.doi.org/10.1152/ajpheart.00471.2010
http://dx.doi.org/10.1152/ajpheart.00471.2010
http://dx.doi.org/10.5551/jat.11395
http://dx.doi.org/10.1136/jnnp.2009.191817
http://dx.doi.org/10.1136/jnnp.2009.191817
http://dx.doi.org/10.1212/WNL.60.1.52
http://dx.doi.org/10.1097/HCR.0000000000000129
http://dx.doi.org/10.1097/HCR.0000000000000129
http://www.ncbi.nlm.nih.gov/pubmed/22828454
http://www.ncbi.nlm.nih.gov/pubmed/22828454
http://www.ncbi.nlm.nih.gov/pubmed/24149160
http://dx.doi.org/10.1016/j.lfs.2015.08.004
http://dx.doi.org/10.1016/j.lfs.2015.08.004
http://dx.doi.org/10.1161/CIRCULATIONAHA.116.022924
http://dx.doi.org/10.1249/MSS.0b013e318260ff92
http://dx.doi.org/10.1249/MSS.0b013e318260ff92
http://dx.doi.org/10.1249/00005768-199008000-00016
http://dx.doi.org/10.1016/j.physbeh.2015.12.021
http://dx.doi.org/10.1158/1538-7755.DISP15-C05
http://dx.doi.org/10.1158/1538-7755.DISP15-C05
http://dx.doi.org/10.1007/s10549-012-2121-6
http://dx.doi.org/10.1007/s10549-012-2121-6
http://dx.doi.org/10.1158/0008-5472.SABCS13-P4-08-01
http://dx.doi.org/10.2147/PPA.S127925
http://dx.doi.org/10.2147/PPA.S127925
http://dx.doi.org/10.1097/00002820-200601000-00004
http://www.ncbi.nlm.nih.gov/pubmed/14578147
http://dx.doi.org/10.1016/j.jare.2016.10.005
http://bmjopen.bmj.com/

	Effects of high-intensity interval training on vascular function in breast cancer survivors undergoing anthracycline chemotherapy: design of a pilot study
	Abstract
	Objectives

	Methods and analysis
	Experimental design
	Study status
	Patient and public involvement

	Participants
	Eligibility criteria
	Recruitment strategy
	Intervention

	Outcomes
	Feasibility
	Arterial wall thickening: cIMT
	Endothelial function: baFMD
	ECM remodelling: MMP analyses

	Additional outcomes
	Cardiorespiratory fitness
	Body composition
	Lifestyle measures

	Data safety and monitoring
	Sample size
	Randomisation
	Data management
	Statistical analysis
	Discussion
	Ethics and dissemination
	References


