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Abstract
Purpose The purpose of this study was to determine the effects of an 8-week HIIT intervention on patient-reported outcomes 
and physical function in breast cancer patients undergoing anthracycline-based chemotherapy.
Methods Thirty breast cancer patients were recruited prior to initiating treatment and randomized into the HIIT group 
(n = 15) or control (CON) group (n = 15). The HIIT group attended HIIT sessions three days per week for eight weeks. The 
CON group was asked to maintain their current level of physical activity. Patient-reported outcomes were assessed by the 
Functional Assessment of Cancer Therapy-Breast Cancer (FACT-B), Multidimensional Fatigue Inventory with 20 ques-
tions (MFI-20), and the 15-item Five-Facet Mindfulness Questionnaire (FFMQ-15). Physical function was assessed using 
the timed up and go (TUG), 30-s sit-to-stand (30STS), Margaria-Kalamen stair climb test, and 6-min walk test (6MWT). 
Repeated measures ANCOVA and paired t-tests were performed to assess group differences.
Results All patients completed the 8-week study with 82.3% adherence to the intervention among the HIIT group. Post-
intervention, significant improvements were found for the Margaria-Kalamen stair climb test (− 3.39%; P = 0.013) and 6MWT 
(+ 11.6%; P = 0.008) in the HIIT group compared to baseline and CON group. No changes in patient-reported outcomes, 
TUG, and 30STS were observed following the 8-week study period in both groups (P  > 0.05).
Conclusions HIIT may be an effective strategy to improve physical function and possibly maintain QOL in breast cancer 
patients undergoing the anthracycline-based chemotherapy.
Clinical trial registration ClinicalTrials.gov: NCT02454777

Keywords Anthracycline-based chemotherapy · Cancer · High-intensity interval training · Oncology · Patient-reported 
outcomes · Physical function

Background

Approximately 32% of breast cancer patients are treated with 
anthracycline-based chemotherapy [1]. However, anthracy-
cline-based chemotherapy induces multiple dose-dependent 
toxicities, which result in skeletal muscle weakness [2], 
cancer-related fatigue [3], and declines in physical function 
[4]. Up to 80% of cancer patients experience cancer-related 
fatigue [5], and this number is even higher (91%) among 
those treated with anthracycline-based chemotherapy [6]. 
Decreased physical function is of particular concern because 
patients who experience persistent declines in physical func-
tion in the first two years of diagnosis have a shorter 10-year 
survival rate compared to the patients who do not experience 
reductions in physical function [7]. As declines in physi-
cal function contribute to a reduced QOL, it is important 
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to explore an effective strategy that can improve physical 
function during treatment.

Current guidelines of the American College of Sports 
Medicine recommend cancer survivors to perform moderate-
intensity aerobic exercise for a total of 150 min per week 
or vigorous intensity aerobic exercise for a total of 75 min 
per week [8, 9]. However, the American Cancer Society’s 
National Cancer Survivor Transition Study reported that 
66.5% of cancer survivors do not achieve the recommended 
amount of physical activity [10]. High-intensity interval 
training (HIIT) is a recent, novel exercise strategy referred to 
as using bursts of concentrated effort alternated with recov-
ery periods and has been utilized in a clinical setting. HIIT 
has been proven to be a safe and feasible method of exer-
cise with evidence of improvements seen in physical fitness, 
health-related outcomes, and patient-reported outcomes 
(PROs), including QOL, in a wide range of chronic diseases 
[11]. HIIT induces greater benefits on QOL and physical 
function compared to moderate-intensity exercise in patients 
with myocardial infarction [12]. HIIT has also shown to be 
superior to resistance exercise and moderate-intensity, con-
tinuous aerobic exercise in improving physical function in 
healthy older adults [13]. Further, greater enjoyment follow-
ing a HIIT intervention compared to a moderate-intensity 
intervention has been observed, which may improve QOL in 
breast cancer patients [14]. While HIIT has been proven to 
be beneficial in other clinical populations, research regard-
ing HIIT training in cancer patients remains limited [11], 
with a lack of data investigating the effects of HIIT on QOL 
and physical function in breast cancer patients undergoing 
anthracycline-based chemotherapy.

The purpose of this study was to determine the effects of 
an 8-week HIIT intervention on PROs and physical function 
in breast cancer patients undergoing anthracycline-based 
chemotherapy. We hypothesized that an 8-week HIIT inter-
vention improves PROs and physical function in breast can-
cer patients undergoing anthracycline-based chemotherapy 
compared to the control (CON) group who maintained their 
level of physical activity.

Methods

Experimental design

Details of the experimental design have been published pre-
viously [15]. Briefly, this study was a single-center, pilot 
randomized controlled trial with no formal sample size 
calculation. Ethical approval was obtained from the Uni-
versity of Southern California (USC) Institutional Review 
Board (HS-1500227), registered (ClinicalTrials.gov: 
NCT02454777; date of registration: May 27th, 2015), and 
written informed consent was obtained from participants. 

Participants were recruited from breast cancer clinics at the 
USC Norris Comprehensive Cancer Center (NCCC) and 
the Los Angeles County Medical Center via onsite recruit-
ment by the principal investigator and medical oncologists. 
Screening for enrollment and the flow of participants both 
eligible and non-eligible have been published previously 
[16]. Participants were randomized in a 1:1 ratio of alloca-
tion (computer-generated, investigator-blinded randomiza-
tion assignments) to the HIIT intervention group or the CON 
group by the Clinical Investigation Support Office at the 
NCCC and study investigators were blinded during randomi-
zation. Randomization was stratified by neoadjuvant versus 
adjuvant anthracyclines treatment.

Participants randomized to the HIIT group completed 
three supervised HIIT exercise sessions per week for the 
8-week intervention period. The 8-week study duration was 
selected to mirror USC’s treatment duration of anthracy-
clines at the time of the study. Participants randomized to 
the CON group were asked to maintain their current level 
of physical activity, not exceeding 30 min of total structured 
exercise per week. Those within the CON group used self-
reported logs, as a cost effective and reliable method. All 
participants returned within one week after the 8-week study 
period for post-testing. Outcome measures were obtained 
within 1–2 weeks before the first cycle of anthracyclines 
(week 0), and within seven days from their last exercise 
session in week eight. The CON group was then offered 
the exercise intervention after the 8-week control period. 
The trial reached completion after the last participant was 
recruited and completed testing.

Eligibility criteria

Participants were eligible if (1) women ≥ 18 years old diag-
nosed with a primary invasive (stage I–III) breast cancer; (2) 
planning to receive neoadjuvant or adjuvant anthracycline; 
(3) able to start an exercise program within 1–2 weeks of 
starting chemotherapy; (4) currently sedentary (< 30 min 
of physical activity per week); (5) refrained from smoking 
within the last 12 months; (6) willing to travel to exercise 
facility at USC, and (7) able to provide physician clearance 
for participation in the exercise program. The exclusion 
criteria included: (1) history of chronic disease including 
uncontrolled diabetes, uncontrolled hypertension, or uncon-
trolled thyroid disease; (2) weight reduction ≥ 10% within 
the past six months that may be indicative of an uncontrolled 
pre-existing condition; (3) metastatic disease; (4) any notice-
able cardiovascular disease such as myocardial infarction, 
stroke, or angina; (5) contraindications to exercise, and (6) 
participation in regular exercise, over 30 min of exercise a 
week as screened by medical oncologist and principal inves-
tigator. These exclusion criteria were set forth to exclude 
patients who had uncontrolled pre-existing conditions and 
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as a result may need further medical interventions. Patients 
with controlled comorbidities were eligible for the study.

Intervention

Participants assigned to the HIIT group received supervised 
exercise sessions performed on a stationary bike (Life Fit-
ness 95 Elevation Series, Rosemont, IL, USA). Exercise 
intensity was individually prescribed for the HIIT group 
based on peak power output (PPO), which was measured by 
a  VO2 max fitness testing performed on a stationary bike. 
Each exercise session consisted of a 5-min warm-up (10% 
PPO), followed by a 20-min HIIT protocol. The 20-min HIIT 
protocol consisted of seven bouts of 1-min high-intensity 
exercise (90% PPO) followed by two min of active recovery 
(10% PPO). Participants were encouraged to complete each 
exercise session with at least 24 h of rest between each ses-
sion and to complete sessions on days when participants did 
not receive anthracycline infusions. Power output, heart rate, 
rating of perceived exertion (RPE; rated on the Borg scale 
of 6–20), and total minutes of exercise were documented for 
each session and for each interval. Participants were encour-
aged to make up any missed sessions in the same week or 
during the 8-week intervention period. Participants in the 
CON group were asked to maintain less than 30 min of total 
structured exercise per week during the 8-week study period. 
The CON group was asked to document their weekly physi-
cal activity in exercise logs.

Outcome measures

Outcome measures were assessed within one week of base-
line testing and within one week of their last anthracycline 
infusion.

Quality of life The Functional Assessment of Cancer 
Therapy-Breast Cancer (FACT-B) questionnaire was used 
to assess for multidimensional QOL [17]. The FACT-B 
includes 27 questions from the FACT-General (FACT-G), 
which measures physical well-being, social well-being, emo-
tional well-being, and functional well-being, with an addi-
tional nine breast cancer specific questions [17]. Responses 
to questions from each subscale were scaled ranging from 
0 (not at all) to 4 (very much), and the total FACT-B score 
was obtained from summing up the subscale scores [18]. The 
FACT-B total score ranged from 0 (low QOL) to 144 (high 
QOL), with higher scores representing better QOL.

Cancer‑related fatigue Cancer-related fatigue was assessed 
using the Multidimensional Fatigue Inventory (MFI-20). 
This is a self-reported 20-item tool to measure general, 
physical, and mental fatigue, as well as reduced motivation 
and reduced activity [19]. Participants were asked to rate 

statements on the MFI-20 range from a scale of 1 (yes, that 
is true) to 5 (no, that is not true). Intensity of fatigue was 
obtained by frequency distribution of responses to items 
with higher scores reflecting higher levels of fatigue.

Mindfulness The 15-item Five-Facet Mindfulness Question-
naire (FFMQ-15) has been validated to measure mindfulness 
in clinical populations [20]. The five facets include observ-
ing, describing, acting with awareness, non-judging of inner 
experience, and non-reactivity to inner experience. Each 
question has a range from a scale of 1 (never or very rarely 
true) to 5 (very often or always true). Higher total scores rep-
resent higher levels of mindfulness and/or self-compassion.

Physical function Physical function was assessed using the 
timed up and go (TUG), the 30-s sit-to-stand (30STS) test, 
the Margaria-Kalamen stair climb test, and the 6-min walk 
test (6MWT). All participants were asked to wear comfort-
able clothing and appropriate shoes for testing.

TUG was performed by having the participants start in 
a sitting position in a standard arm chair. Participants were 
instructed to stand up from the chair and walk to a line on 
the floor 3 m away [21]. Participants were asked to stand 
behind the start line, walk the designated 3-m distance when 
instructed, turn, and walk back to their chair, timing stopped 
as soon as they were seated. Participants were timed when 
told “ready, go,” until they returned to the seated position 
in the chair; a faster time indicates a better functional per-
formance. Three trials were performed, and an average was 
calculated and recorded.

The 30STS was performed with a stable chair that 
was prevented from sliding backwards. Participants were 
instructed to sit in the middle of the chair, with their hands 
on the opposite shoulders, crossed at the wrists [22]. Par-
ticipants were instructed to keep their feet flat on the floor 
and to keep their back straight, with arms against their chest. 
On “ready, go,” the participants were asked to rise to a full 
standing position and then sit back down, repeating this 
standing-sitting action as many times as possible in 30 s. The 
number of repetitions of full sit-to-stand motions completed 
in 30 s was recorded.

The 6MWT was performed to measure functional 
capacity associated with endurance levels [23]. The walk-
ing course was 30 m in length and the turnaround points 
were marked with orange-color cones to create a walking 
course. Participants were asked to walk as briskly as pos-
sible for 6 min on the course. Participants were allowed to 
slow down, to stop, and to rest as necessary. After six min, 
participants were asked to stop, and the distance each par-
ticipant walked was measured in meters.

The Margaria-Kalamen stair climb test is a valid and reli-
able clinical test used to assess physical power and is associ-
ated with greater independence and lowered fall risk [24]. 

6865Supportive Care in Cancer (2021) 29:6863–6870



1 3

Participants were asked to ascend a flight of stairs as quickly 
as possible while timing how quickly each participant went 
from the third step to the ninth step. Each participant per-
formed three trials and the fastest time was recorded to 
assess power. Power was calculated using a validated equa-
tion [25].

Statistical analyses

Baseline participant characteristics were summarized by 
descriptive statistics. Distribution of outcomes were evalu-
ated and presented as mean (SD) for continuous outcomes 
and frequency (%) for categorical outcomes. Group compari-
sons of baseline participant characteristics were made using 
independent sample t-test or non-parametric corollary for 
continuous outcomes and χ2 test for categorical outcomes. 
Participant baseline characteristics that were different across 
groups were included as covariates in the statistical analy-
ses. Given the small sample size (N = 30), baseline variables 
with a difference of P  < 0.10 were considered as additional 
covariates after testing for collinearity. A repeated meas-
ures ANCOVA model was performed with treatment group 
and time (baseline/post-intervention) as factors. For within-
group difference, the changes in the outcome measures from 
baseline to week nine were examined by a paired t-test, with 
a level of significance set at P  < 0.05. Repeated measures 
ANCOVA on the trial outcomes was a two (group: HIIT, 
CON) × two (time: baseline, post-intervention) analysis. All 
analyses were performed with SPSS (v.22).

Results

We assessed 58 women for eligibility of which 30 were 
enrolled, consented, and randomized to the HIIT or CON 
groups. A complete CONSORT diagram of study flow 
has been published previously [16]. Participants were 
46.9 ± 9.8 years old, Hispanic white (73%), and with a 
BMI 31.0 ± 7.5 kg/m2. Of note, while 73% of the patient 
population were Hispanic white, there were no differences 
seen among outcomes between Hispanic and non-Hispanic 
patients. Participants were diagnosed primarily with stage 
II (30%) or III (63%) breast cancer and largely treated with 
neoadjuvant chemotherapy (77%). Baseline characteristics 
have been published previously [15] and there were no sig-
nificant differences between the two groups for any baseline 
characteristic (P  > 0.05). There were no significant changes 
in BMI or weight. High attendance of 82.3% (overall average 
19.2 of 24 sessions) was attained by the HIIT group with-
out use of incentives for enrollment or attendance. Reports 
of attendance and completed session has been published 
previously [16]. No adverse events were reported over the 

duration of the intervention. Adverse events were identi-
fied at every exercise session and testing time point. Serious 
adverse events (events resulting in hospitalization) would 
have been reported within 24 h to research governance com-
mittees (Institutional Review Boards and Data and Safety 
Monitoring Committee).

Patient‑reported outcomes (Table  1) Post-intervention, 
there were no significant changes in PROs (P  > 0.05) in 
the HIIT group; a statistical trend (P  = 0.10) was observed 
for the physical well-being scale of the FACT-B following 
intervention. Physical (P  = 0.04) and functional well-being 
(P  = 0.05) subscale scores of the FACT-B and total FACT-B 
score (P  = 0.01) significantly reduced following eight weeks 
in the CON group. However, no additional changes in PROs 
were observed in the CON group (P  > 0.05).

Physical function (Table 2) Post-intervention, significant 
improvements in the Margaria-Kalamen stair climb test 
(− 3.39%; P  = 0.013) and 6MWT (+ 11.6%; P  = 0.008) were 
observed in the HIIT group compared to the CON group. No 
significant changes were observed in the other functional 
measures following the 8-week intervention in the HIIT 
group (P > 0.05). Physical function did not change in the 
CON group (p > 0.05). There were no differences between 
groups for the baseline Maragaria-Kalamen stair climb test.

Discussion

A supervised 8-week HIIT intervention led to significant 
improvements in the Margaria-Kalamen stair climb test and 
6MWT among breast cancer patients receiving anthracy-
cline-based chemotherapy while maintaining QOL scores. 
This is the first study to our knowledge to report signifi-
cant improvements in measures of physical function with 
HIIT in breast cancer patients receiving anthracycline-based 
chemotherapy.

To date, only one study has reported the effects of a HIIT 
intervention on PROs and physical function in breast can-
cer patients receiving chemotherapy. Mijwel et al. (2018) 
compared the effects of resistance and high-intensity inter-
val training (RT-HIIT), and moderate-intensity aerobic and 
high-intensity interval training (AT-HIIT) to a usual care 
(UC) group in women with breast cancer (n = 240) under-
going chemotherapy. In brief, participants in both exer-
cise groups experienced improvements in QOL, measured 
through the European Organization for Research and Treat-
ment for Cancer Quality of Life Questionnaire (EORTC-
QLQ-C30), maintenance of cancer-related fatigue (CRF), 
assessed through multidimensional Piper Fatigue Scale [26], 
and an increase in physical function measured by hand grip 
strength [27]. RT-HIIT counteracted several dimensions of 
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CRF and was significantly superior compared to UC in total 
CRF, behavior/daily life CRF, and sensory/physical CRF. 
Both RT-HIIT and AT-HIIT exhibited beneficial effects 
for certain aspects of QOL. Role functioning significantly 
improved for RT-HIIT and AT-HIIT compared to UC. AT-
HIIT significantly improved in emotional functioning versus 
UC [26], while grip strength only improved significantly in 
the RT-HIIT group for those receiving taxane treatment [27].

However, when compared to our study, the aforemen-
tioned study incorporated a longer duration of HIIT bouts, 
a longer intervention, different chemotherapy regimens, 
and different exercise modalities. These findings may sug-
gest that longer exercise interventions may be necessary to 
observe significant changes in PROs. The effect of RT-HIIT 
on fatigue reported by Mijwel et al. may also suggest that 
higher intensity/load combined exercise training is needed to 
combat increases in fatigue and exercise intensity may offset 

QOL. Both HIIT interventions resulted in improvements in 
physical function; however, it should be noted the difference 
in testing, stair climb and 6MWT vs grip strength, and the 
difference in exercise prescription, HIIT vs RT-HIIT.

Similar findings were also reported by Courneya et al. 
(2007) who did not utilize HIIT training but compared 
aerobic exercise, resistance exercise, and usual care in 
breast cancer patients undergoing adjuvant chemother-
apy. Courneya et al. found no significant improvements in 
cancer-specific QOL, assessed through FACT-anemia, in 
a multi-site, three-armed, supervised exercise intervention 
[28]. Secondary outcomes, however, such as physical fit-
ness and chemotherapy completion rates improved [28]. 
A similar trend was seen with improvements in physical 
outcomes and only non-significant improvements in QOL, 
despite the longer study duration compared to our study 
(18 weeks vs 8 weeks, respectively). Though QOL did 

Table 1  Patient-reported 
outcomes between HIIT and 
CON groups across the 8-week 
intervention

Values are presented as mean and SD. Functional Assessment of Cancer Therapy-Breast Cancer (FACT-
B); HIIT, high-intensity interval training; CON, control
P-values are reported from within-group difference by paired t-test and between group and between time 
points repeated measures ANCOVA
* P-value for within-group baseline versus post-intervention values
** P-value for group × time interaction

Variable Baseline, mean (SD) Post-intervention, mean 
(SD)

Between-group difference post-
intervention

Mean (SD) Mean (SD) P Mean (95% CI) P

FACT-B physical 5.24 (− 4.73, 17.22) 0.52
  HIIT group 20.6 (6.9) 15.4 (8.6) 0.10
  CON group 19.5 (8.3) 10.8 (7.8) 0.04*

FACT-B social -0.79 (-9.47, 7.88) 0.84
  HIIT group 17.1 (7.5) 18.5 (7.1) 0.43
  CON group 18.3 (6.7) 14.3 (4.6) 0.28

FACT-B emotional 2.75 (− 6.92, 12.42) 0.54
  HIIT group 15.6 (5.9) 15.0 (6.5) 0.49
  CON group 14.2 (7.6) 12.3 (7.4) 0.21

FACT-B functional 8.36 (− 9.48, 6.44) 0.24
  HIIT group 18.3 (6.6) 18.6 (4.8) 0.23
  CON group 19.0 (5.6) 10.3 (7.0) 0.05*

FACT-B breast  − 1.52 (− 15.07, 12.04) 0.79
  HIIT group 19.2 (4.9) 17.9 (8.3) 0.70
  CON group 20.5 (8.0) 18.4 (9.1) 0.32

FACT-B total 23.51 (− 32.92, 48.64) 0.10
  HIIT group 90.8 (25.2) 85.4 (20.4) 0.22
  CON group 91.5 (24.2) 66.1 (22.4) 0.01*

FFMQ  − 27.92 (− 100.44, 44.60) 0.38
  HIIT group 126.6 (8.4) 99.6 (19.55) 0.09
  CON group 130.0 (5.6) 125.7 (10.84) 0.19

MDFI 5.0 (− 17.96, 27.93) 0.62
  HIIT group 42.9 (10.4) 54.3 (14.1) 0.18
  CON group 44.0 (9.8) 49.3 (12.6) 0.25
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not significantly improve in this study, these results may 
emphasize findings by Mijwel et al. (2018) that to improve 
psychosocial outcomes in breast cancer patients under-
going chemotherapy, the use of combination resistance 
exercise and a high-intensity aerobic component should 
be considered.

Conversely, a recent meta-analysis of exercise during 
adjuvant radiotherapy in breast cancer patients reported pos-
itive improvements in fatigue and QOL from exercise [29]. 
Nine studies were examined, each study with varying modes 
of exercise (aerobic, resistance, combination) [29]. The main 
findings suggest that exercise during adjuvant radiotherapy 
can be beneficial to fatigue and QOL, with supervised, com-
bined aerobic-resistance exercise showing the most promise 
when alleviating fatigue [29]. This could potentially explain 
why we did not see significant improvements in PROs, as 
both our research and previously mentioned studies did not 
include combination exercise modalities.

Although our study is a pilot study of a short duration, 
our findings are promising given that PROs did not worsen 
in the HIIT group as opposed to the CON group. Partici-
pants in the CON group experienced worsened PROs such as 
total FACT-B score (− 27.8%). Our results align with previ-
ous studies which reported that chemotherapy significantly 
reduced QOL (− 10 points) measured by EORTC within six 
months up to two years after chemotherapy [30, 31]. Fur-
ther, our study adds evidence that reductions in QOL can 

be observed in as few as eight weeks from the initiation of 
chemotherapy.

Though research on HIIT in cancer populations is limited, 
there is promising evidence of beneficial impact on physical 
function and PROs. Our study of eight weeks of lower body 
interval training seemed to be long enough to elicit changes 
in cardiorespiratory fitness and functional power, reflected in 
the 6MWT and Margaria-Kalamen stair climb. We suspect 
that these two outcomes saw significant changes because 
these two activities mirror activities of daily living and the 
muscle groups associated with these outcome measures are 
more often used. Failure to see improvements in all physi-
cal testing measures and lack of significant improvements 
in PROs could be reflective of duration, intensity, and exer-
cise type as evidence reflects superior benefit with the use 
of longer duration, longer training intensity, and combined 
resistance and/or aerobic exercise with HIIT on psychoso-
cial and functional measures [26]. Another consideration for 
unchanging PROs with exercise could be a result of chemo-
therapy and/or anti-emetics causing drowsiness or steroids 
and other medicines causing poor sleep or pain. There is a 
possibility that exercise is not enough, even with varying 
intensities, to combat issues during active treatment.

Also of note, fatigue may be mitigated through HIIT or 
lower intensity exercises, and our findings do not conclude 
whether or not HIIT is better than lower intensity exercises 
in ameliorating chronic post-treatment fatigue. Incorporation 

Table 2  Physical function 
between HIIT and CON groups 
across the 8-week intervention

Values are presented as mean and SD. Timed up and go (TUG); 30-s sit-to-stand (30STS); 6-min Walk 
Test (6MWT); Functional Assessment of Cancer Therapy-Breast Cancer (FACT-B); HIIT, high-intensity 
interval training; CON, control
P-values are reported from within-group difference by paired t-test and between group and between time 
points repeated measures ANCOVA
* P-value for within-group baseline versus post-intervention values
** P-value for group × time interaction

Variable Baseline, mean (SD) Post-intervention, mean 
(SD)

Between-group difference post-
intervention

Mean (SD) Mean (SD) P Mean (95% CI) P

TUG (sec)  − 0.45 (− 1.65, 0.74) 0.52
  HIIT group 5.42 (1.15) 5.48 (1.42) 0.62
  CON group 5.69 (1.96) 5.94 (1.81) 0.28

30 STS (rep) 1.18 (− 6.38, 2.99) 0.39
  HIIT group 14.73 (3.01) 14.87 (2.97) 0.55
  CON group 14.06 (1.88) 13.69 (1.85) 0.29

Margaria-Kala-
men stair test 
(sec)

 − 1.08 (− 2.49, 0.33) 0.013**

  HIIT group 3.84 (1.95) 3.71 (1.78) 0.12
  CON group 4.66 (2.19) 4.98 (1.89) 0.20

6MWT (m) 60.6 (3.68, 117.5) 0.008**
  HIIT group 439.80 (65.82) 490.80 (63.34) 0.05*
  CON group 436.82 (88.11) 430.23 (86.46) 0.95
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of resistance exercise may have additional benefits specific 
to physical functioning and PROs when compared to HIIT 
or used in conjunction with HIIT [29]. This could be indica-
tive of a need for higher load/intensity exercise in future 
study design to influence psychosocial outcomes to combat 
deleterious effects of chemotherapy.

Strengths of our study include a focus on a single chemo-
therapy regimen, utilization of an objective HIIT prescrip-
tion using peak power output rather than a subjective meas-
ure such as ratings of perceived exertion, and inclusion of a 
diverse (mainly Hispanic) sample.

Study limitations

Limitations include a shorter study design, reflecting the 
duration of anthracycline, 8 weeks vs 12–16 weeks, and 
consisted of a smaller sample size (n = 30) with no follow-
up. Our intervention utilized short HIIT bouts which may 
influence the outcome measures, although preferred dura-
tion of HIIT bouts are not currently defined. Data collec-
tion of physical activity in the CON was gathered through 
patient-reported logs, a potentially less efficient method of 
activity tracking. Future studies should extend the interven-
tion period, allowing for training to overlap with consecutive 
chemotherapy regimens.

Clinical implications

Given the psychosocial and physical detriment on breast 
cancer patients caused by anthracycline-based chemother-
apy, prescription of exercise offers a safe, feasible, non-
pharmaceutical option for patients to participate in while 
undergoing treatment. Our results of improvements in physi-
cal functioning and maintenance of QOL provide clinicians 
with promising alternative ways to decrease the burden on 
their patients.

In summary, the results of the current study demon-
strate that HIIT improves some aspects of physical function 
and maintains QOL in breast cancer patients undergoing 
anthracycline-based chemotherapy. This finding highlights 
the benefit of HIIT on physical function and PROs, which 
provides evidence to support the adoption of exercise during 
chemotherapy. Future studies are needed to elucidate the 
HIIT prescription parameters needed to globally improve 
physical function and PROs against negative anthracycline-
related side effects.
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