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Abstract

Background Advanced therapeutic strategies are often accompanied by significant adverse effects, which warrant equally
progressive countermeasures. Physical exercise has proven an effective intervention to improve physical function and reduce
fatigue in patients undergoing chemotherapy. Effects of high-intensity interval training (HIIT) in this population are not well
established although HIIT has proven effective in other clinical populations. The aim of the OptiTrain trial was to examine
the effects of concurrent resistance and high-intensity interval training (RT-HIIT) or concurrent moderate-intensity aerobic
and high-intensity interval training (AT-HIIT), to usual care (UC) on pain sensitivity and physiological outcomes in patients
with breast cancer during chemotherapy.

Methods Two hundred and forty women were randomized to 16 weeks of RT-HIIT, AT-HIIT, or UC. Outcomes: cardiores-
piratory fitness, muscle strength, body mass, hemoglobin levels, and pressure-pain threshold.

Results Pre- to post-intervention, RT-HIIT (ES = 0.41) and AT-HIIT (ES = 0.42) prevented the reduced cardiorespiratory
fitness found with UC. Handgrip strength (surgery side: RT-HIIT vs. UC: ES = 0.41, RT-HIIT vs. AT-HIIT: ES = 0.28;
non-surgery side: RT-HIIT vs. UC: ES = 0.35, RT-HIIT vs. AT-HIIT: ES = 0.22) and lower-limb muscle strength (RT-HIIT
vs. UC: ES = 0.66, RT-HIIT vs. AT-HIIT: ES = 0.23) were significantly improved in the RT-HIIT. Increases in body mass
were smaller in RT-HIIT (ES = — 0.16) and AT-HIIT (ES = — 0.16) versus UC. RT-HIIT reported higher pressure-pain
thresholds than UC (trapezius: ES = 0.46, gluteus: ES = 0.53) and AT-HIIT (trapezius: ES = 0.30).

Conclusion Sixteen weeks of RT-HIIT significantly improved muscle strength and reduced pain sensitivity. Both exercise
programs were well tolerated and were equally efficient in preventing increases in body mass and in preventing declines
in cardiorespiratory fitness. These results highlight the importance of implementing a combination of resistance and high-
intensity interval training during chemotherapy for women with breast cancer.
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Introduction

The five-year relative breast cancer survival rate is con-
tinuously improving and approaching 90% in many coun-
tries [1]. Effective adjuvant therapies have the potential
to substantially reduce recurrence and mortality but pre-
sents with significant side effects and quality of life con-
sequences. The most commonly reported symptom dur-
ing and after treatment for breast cancer is cancer-related
fatigue (CRF), a multifactorial distress which together
with treatment-induced pain contributes to physiological
dysfunction [2]. The marked deterioration of the individ-
ual’s physical capacity after a cancer diagnosis is due to
direct effects of chemotherapy on physical function as well
as general reductions of activity levels and is associated
with decreased hemoglobin levels (Hb) [3], reduced car-
diorespiratory fitness, and declines in muscle strength [4].

Exercise interventions for patients undergoing cura-
tive breast cancer therapy have been well tolerated and
have shown positive effects on physical function and CRF
[4]. Previous findings from the OptiTrain trial [5] showed
favorable effects of exercise training on CRF and self-
reported pain; however, whether muscle strength and/or
cardiorespiratory fitness is associated with CRF and/or
pain remains to be elucidated. Moreover, patients with
breast cancer usually exhibit hypersensitivity to pressure
pain compared with healthy control subjects [6]. Chronic
aerobic exercise training in healthy individuals has shown
positive effects on pain tolerance but not on pressure-pain
threshold (PPT) [7]. However, the hypoalgesic effect of
acute exercise is well established [8].

Despite the increasing use of taxane-based treatment in
addition to anthracycline-based treatment, and that taxane-
related toxicities differ from those of taxane-free thera-
pies [9], few studies have evaluated whether the exercise
response differs depending on the type of chemotherapy
[10]. Evidence-based exercise regimens with identified
benefits are highly warranted by health care professionals
and patients. In healthy individuals and in several patho-
logical conditions, high-intensity interval training (HIIT)
provides significant, time-efficient improvements in cardi-
orespiratory fitness [11] and pilot studies present HIIT as
a safe training strategy also in patients with breast cancer
[12]. In addition, HIIT may induce beneficial neuromus-
cular adaptations [13] and anti-inflammatory effects [14],
both proposed as mechanisms contributing to fatigue [15].
The physiological outcomes of HIIT and whether it best
combines with aerobic or resistance exercise during chem-
otherapy are currently unknown. While aerobic exercise
provides established QoL improvements, recent studies
emphasize incorporation of resistance training to address
loss of muscle strength and function [4]. This in-clinic,
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randomized controlled trial is the first to incorporate and
compare high-intensity interval training combined with
either conventional resistance (RT-HIIT) or aerobic (AT-
HIIT) exercise to usual care (UC) on cardiorespiratory fit-
ness, muscular strength, body mass, Hb, and pressure-pain
threshold. In addition, the association between CRF and
pain with physiological outcomes was assessed.

Materials and methods
Participants

Between March 2013 and July 2016, two hundred and
forty patients at the Karolinska University Hospital (Stock-
holm, Sweden) were eligible for and accepted participation
in the OptiTrain study (NCT02522260) [16]. The flow of
participants through the trial has been reported elsewhere
[5]. Inclusion criteria were Swedish-speaking women,
18-70 years old, breast cancer stage I-Illa, scheduled to
undergo chemotherapy consisting of anthracyclines, taxanes,
or a combination of the two. Exclusion criteria were cardiac
pathologies (assessed by routine electrocardiogram and a
questionnaire), major psychiatric disorders, or other con-
current malignant diseases. Ethical approval was obtained
from the Regional Ethical Review Board in Stockholm (Dnr
2012/1347-31/1, 2012/1347-31/2, 2013/632-32, 2014/408-
32). All participants gave written informed consent prior to
enrollment.

Randomization and blinding

The participants were randomly allocated by the Clinical
Studies Unit at Radiumhemmet, Karolinska University Hos-
pital (Stockholm, Sweden) to either RT-HIIT, AT-HIIT, or
UC at a 1:1:1 ratio using a computer-generated assignment
program blinded to the research team. Participants, exer-
cise-supervisors, and outcome-assessors were not masked to
group allocation. The first measurement took place 1 week
prior to participants’ second chemotherapy session and
intervention groups (RT-HIIT and AT-HIIT) commenced
the exercise training 3 days after the second chemotherapy
session. Due to the limited time to perform ECG and base-
line measurements before the first chemotherapy session,
the intervention was initiated after the second chemotherapy
session.

Exercise training intervention

Exercise groups trained twice per week for 16 weeks at the
Karolinska University Hospital rehabilitation center. All ses-
sions were supervised by an exercise physiologist or oncol-
ogy nurse to ensure safety, correct technique, progression,
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and encourage adherence to exercise protocols. The program
was extended for participants with delays in chemotherapy
(RT-HIIT, n = 8, range: 15-35 days; AT-HIIT, n = 5, range
13-32 days). The details of the training protocols have been
published elsewhere [5, 16]. In brief, the RT-HIIT group
completed both resistance and high-intensity interval exer-
cise during each session. Participants performed 2-3 sets
of 8—12 repetitions at an intensity of 80% of the patients’
estimated 1-repetition maximum. To ensure progressive
overload, loads were adjusted throughout the training period
when participants were able to perform more than 12 rep-
etitions. The AT-HIIT group commenced with 20 min of
moderate-intensity continuous aerobic exercise at a rating of
perceived exertion (RPE) of 13—15 on the Borg scale [17].
Both RT-HIIT and AT-HIIT concluded with 3 X 3 min bouts
of HIIT at an RPE of 16-18 interspersed with ~ 1 min of
recovery.

Outcomes

The primary outcome in the OptiTrain trial is cancer-related
fatigue (CRF) [16], and findings from both the unidimen-
sional European Organization for Research and Treatment
for Cancer Quality of Life Questionnaire (EORTC-QLQ-
C30), and multidimensional Piper Fatigue Scale have pre-
viously been published [5]. In the present study, we report
findings on physiological outcomes including muscle
strength, cardiorespiratory fitness, pressure-pain threshold,
hemoglobin levels, and body mass. Moreover, assessments
of associations between changes in physiological outcomes
and changes in self-reported cancer-related fatigue as well
as pain as assessed by the EORTC-QLQ-C30 were per-
formed. (The EORTC-QLQ-C30 tool is sensitive to change
in patients receiving chemotherapy [18]).

Handgrip strength was assessed by a hydraulic hand
dynamometer (JAMAR, SAEHAN Corporation, Chang-
won, S. Korea), and lower-limb muscle strength by isomet-
ric mid-thigh pull (Baseline leg dynamometer, Fabrication
Enterprises Inc., White Plains, NY, USA). Cardiorespiratory
fitness, measured as Ic)redicted peak oxygen uptake (VO,pey0),
was assessed by the Astrand-Rhyming submaximal cycle test
[19], which has been validated for this population [20]. Hb
was measured in venous blood (Clinical Studies Unit, Karo-
linska University Hospital, Stockholm, Sweden). Pressure-
pain threshold (PPT) was measured bilaterally on the middle
trapezius and gluteus muscles with an electronic algometer
(Somedic Sales AB, Horby, Sweden). No analgesics were
taken 24 h prior to measurement. The applied pressure was
at a rate of approximately 50 kPa/s by a 1 cm? probe. The
mean PPT from the bilateral measurements at each anatomi-
cal site was used for analysis. All outcomes were measured
at baseline and at 16 weeks.

Activity measures

At baseline, objective activity patterns were assessed by
an accelerometer (model GT3X ActiGraph® Corp, Pensa-
cola, Florida, USA) and analyzed using validated wear-time
specifications and cut-offs for adults [21]. Calculation of
attendance and adherence to the exercise regimen has been
described elsewhere [5].

Statistics

With fatigue as the primary outcome measure in the Opti-
Train trial, a sample size of 65 patients per group was
required, based on an effect size of 0.53, using a two-sided
ANOVA test with a power of 80% at 5% significance level.
We aimed to recruit 80 participants into each group to
account for an expected 20% attrition rate. Variables were
visually checked for normality through QQ-plots and his-
tograms and were found to be normally distributed. Base-
line medical and demographic characteristics of each group
were summarized using descriptive statistics. Exact y? tests
were used for categorical variables. For between-group ana-
lyzes, we used analysis of covariance, adjusted for base-
line values. Repeated-measures ANOVA was used to test
for within-group differences. Standardized effect sizes (ES)
were calculated and interpreted as described previously [5,
22]. An intention-to-treat approach was used, and missing
data (9%) were imputed using the expectation maximization
method after being determined to be “missing completely at
random” [23]. The expectation—-maximization algorithm is
based on group change and the individual baseline score. For
the outcome predicted VO, participants receiving beta-
adrenergic blocking agents (n = 2), or not reaching the target
heart rate of 120—170 beats per min (n = 2), were excluded
from the analysis. For all outcomes, a subgroup analysis was
performed, and data were stratified into patients receiving
taxanes (TAX) or not receiving taxanes (non-TAX). Post
hoc comparisons were conducted with Bonferroni correction
for three pairwise comparisons between RT-HIIT, AT-HIIT,
and UC. Pearson’s coefficient of correlation (r) was used to
evaluate the association between changes in physiological
outcomes and changes in self-reported CRF and pain. All
tests were two-tailed and a p value of < 0.05 was required
for significance.

Results

All groups were balanced at baseline (Table 1) [5], and no
significant baseline differences were found between partici-
pants who dropped out versus participants who completed
the study. Attendance and adherence to the training program
have previously been reported [5]. There was no difference

@ Springer



96

Breast Cancer Research and Treatment (2018) 169:93-103

Table 1 Participant characteristics at baseline

RT-HIIT
n="74

AT-HIIT ucC
n="72 n=:60

Mean + SD Mean + SD Mean + SD
52.7+103 544 +103 52.6+10.2
68.7+ 113 67.7+13.0 69.1 +11.0

Age (years)
Body mass (kg)

Height 1657+ 6.7 1653 £6.6 1664 +7.0
SED (% of daily wear time) 63.7 +7.7 65.6+62 66.6+72
MVPA (% of daily wear 9.6 +2.8 83+238 85+43

time)

n (%) n (%) n (%)

Married or partnered 60.6 59.7 69.5
University completed 67.6 64.7 66.0
Current smokers 43 59 52
Employed 74.6 86.8 79.7
Postmenopausal 514 63.9 61.7
Tumor profile

Triple negative 14.9 11.0 16.7

HER2+, ER+/— 21.6 30.2 20.0

HER2-, ER+ 62.2 58.9 61.6

HER2-, ER— 14 0.0 1.7
Anthracycline-based therapy 40.6 37.0 41.7
Taxane-based therapy 59.4 63.0 58.3

SD standard deviation, RT-HIIT resistance and high-intensity interval
training, AT-HIIT moderate-intensity aerobic and high-intensity inter-
val training, UC usual care, MVPA objectively measured moderate- to
vigorous intensity physical activity, SED objectively measured seden-
tary behavior

in attendance to exercise sessions for participants receiv-
ing TAX compared to those receiving non-TAX. No adverse
events prompting medical attention occurred during exercise
sessions.

Cardiorespiratory fitness, muscle strength, body
mass, and Hb

Changes in cardiorespiratory fitness, muscle strength, body
mass, and Hb are shown in Fig. 1. Over the intervention, a
significant decline in predicted VO, was found for UC
that was significantly different compared to unchanged levels
for both RT-HIIT (ES = 0.41) and AT-HIIT (ES = 0.42).
Participants in the UC group had significant handgrip
strength losses, while significant handgrip muscle strength
gains were found for the RT-HIIT group. Correspondingly,
RT-HIIT was superior to both UC and AT-HIIT for hand-
grip strength (surgery side: RT-HIIT vs. UC: ES = 0.41,
RT-HIIT vs. AT-HIIT: ES = 0.28; non-surgery side: RT-
HIIT vs. UC: ES = 0.35, RT-HIIT vs. AT-HIIT: ES = 0.22).
Both RT-HIIT and AT-HIIT significantly improved lower-
limb muscle strength. The improved isometric mid-thigh
pull strength test for RT-HIIT was significantly different
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from both UC (ES = 0.66) and AT-HIIT (ES = 0.23), and
AT-HIIT was superior to UC (ES = 0.48). For estimated
VO,c, and muscle strength, similar effects were found for
both patients receiving TAX and non-TAX (Table 2). The
UC group had a significant weight gain from pre- to post-
intervention that was different from the maintained body
weight for both RT-HIIT and AT-HIIT (ES = — 0.16). Sub-
group analyzes showed that for participants receiving TAX,
only AT-HIIT maintained body mass, significantly differ-
ent compared to increases in body mass in the UC group
(ES = — 0.23), while for the non-TAX subgroup, only RT-
HIIT prevented the increase in body mass found in the UC
group (ES = — 0.17). Hb decreased similarly in all groups,
regardless of treatment regimen, from the first to the last
measurement.

Pressure-pain threshold

Changes in PPT are shown in Fig. 2 and results from the sub-
group analysis are shown in Table 2. Over the intervention,
PPT measurements showed significant reductions for UC at
both trapezius and gluteus muscles while RT-HIIT showed
an increased PPT at the trapezius muscle, different when
compared to UC (ES = 0.46) and AT-HIIT (ES = 0.30). PPT
at the gluteus muscle favored RT-HIIT (ES = 0.53) com-
pared to UC. For patients receiving non-TAX treatment, the
UC group displayed significant reductions in PPT for both
trapezius and gluteus muscles. For trapezius muscle, PPT for
RT-HIIT was superior to both UC (ES = 1.17) and AT-HIIT
(ES = 0.45), although AT-HIIT was still significantly dif-
ferent compared to UC (ES = 0.45). Significant differences
were also found for PPT at the gluteus muscle favoring both
RT-HIIT (ES = 1.02) and AT-HIIT (ES = 0.61) compared
to UC. Patients receiving TAX treatment did not change in
PPT and no between-group differences were found.

Associations between physiological outcomes
and self-reported cancer-related fatigue (CRF)
and pain

Associations between changes in physiological outcomes
and changes in self-reported cancer-related fatigue and pain
are shown in Table 3. A weak inverse correlation was found
between change in self-reported CRF and change in lower-
limb strength (r = — 0.28, p < 0.001), and between change in
self-reported CRF and change in PPT at the gluteus muscle
(r=-0.24, p = 0.001). No significant associations were
found between change in self-reported fatigue and change
in handgrip strength (surgery side r = — 0.12, p = 0.09;
non-surgery side r = — 0.13, p = 0.06), or change in self-
reported fatigue and change in cardiorespiratory fitness
(r=-0.10, p = 0.16). Similar associations were found for
change in self-reported CRF measured by the Piper Fatigue
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Fig.1 Effects of concurrent resistance and high-intensity interval
training (RT-HIIT) and moderate-intensity aerobic and high-intensity
interval training (AT-HIIT) versus usual care (UC) on physiological
outcomes: a estimated VO, b isometric mid-thigh pull, ¢ hand-
grip strength surgery side, d handgrip strength non-surgery side,

Scale and change in physiological outcome measures (data
not shown). Moreover, we found a significant correlation
between changes in lower-limb muscle strength and changes
in PPT at trapezius (r = 0.17, p = 0.03) and gluteus muscles
(r=0.16, p = 0.04), as well as between change in handgrip
strength (non-surgery side) and change in PPT trapezius
(r=10.17, p = 0.02). Self-reported CRF was significantly
associated with self-reported pain (» = 0.37, p < 0.001);
however, no associations were found between physiological
outcomes and self-reported pain.

Discussion

This is the first randomized controlled trial to include high-
intensity interval training (HIIT) in two different exercise
regimens in patients with breast cancer during chemother-
apy. Results from this trial provide important updates in
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e body mass, and f hemoglobin levels. *p < 0.05 at post versus pre
measurement; 'p < 0.05 compared to UC; Sp < 0.05 between RT-
HIIT and AT-HIIT. Data is presented as mean and standard error of
the mean. No statistically significant differences were found at base-
line between groups

our understanding of potential management strategies for
treatment-induced fatigue and physical dysfunction in this
relatively large subgroup of cancer patients. This is also
the first trial to investigate the ability of exercise training
to prevent chemotherapy-induced hyperalgesia. Concurrent
resistance and high-intensity interval training (RT-HIIT)
provided significant beneficial effects in terms of counter-
acting cancer-related physical and total fatigue [5], reducing
anthracycline-induced pain-hypersensitivity, and improving
muscle strength in patients undergoing adjuvant treatment
for breast cancer.

In concordance with previous findings, aerobic training
resulted in sustained cardiorespiratory fitness [4]. Interest-
ingly, cardiorespiratory fitness in the RT-HIIT group was
maintained despite only a total of 9 min of HIIT per ses-
sion, contradicting the results from Courneya et al. [24],
where only the higher dose aerobic training (50—-60 min,
3 days/week, 60-75% of VO, resulted in a maintained
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Table 2 Mean values and standard deviations at the first measurement and at 16 weeks, and between-group differences for all outcome measures
for participants receiving taxane- and non-taxane-based treatment

Outcome Arm N Mean SD Mean SD p value
Pre-intervention Post-intervention
Estimated VO,,, Taxanes (L min~") RT-HIT 43 2.24 0.53 2.23 0.60 0.845
AT-HIIT 45 2.06 0.51 1.99 0.51 0.061
ucC 30 2.27 0.52 1.95 0.48 < 0.001
Estimated VO,,,, Non-taxanes (L min~!) RT-HIIT 30 2.27 0.48 2.18 0.43 0.140
AT-HIIT 25 2.17 0.40 2.19 0.31 0.709
ucC 21 2.06 0.53 1.92 0.57 0.001
Isometric mid-thigh pull Taxanes (kg) RT-HIIT 38 89.35 29.07 105.67 36.39 < 0.001
AT-HIIT 40 75.68 23.56 83.94 21.83 < 0.001
ucC 30 90.07 20.08 85.47 21.92 0.153
Isometric mid-thigh pull Non-taxanes (kg) RT-HIIT 27 84.26 30.52 96.27 26.91 0.001
AT-HIT 22 83.19 27.61 91.95 24.18 0.003
ucC 21 88.25 31.77 85.96 31.10 0.396
Handgrip surgery side Taxanes (kg) RT-HIIT 43 28.16 4.98 29.49 5.33 0.003
AT-HIIT 45 27.73 5.09 27.56 5.60 0.687
ucC 35 29.40 6.26 28.31 5.81 0.018
Handgrip non-surgery side Taxanes (kg) RT-HIIT 43 27.54 4.69 28.47 5.33 0.012
AT-HIT 45 27.32 5.81 27.06 6.10 0.570
ucC 35 28.43 6.70 27.23 6.52 0.011
Handgrip surgery side Non-taxanes (kg) RT-HIIT 31 28.73 5.18 29.35 5.26 0.169
AT-HIIT 27 29.63 4.59 28.94 4.72 0.113
ucC 25 28.42 6.09 26.89 5.76 0.033
Handgrip non-surgery side Non-taxanes (kg) RT-HIOT 31 27.95 5.32 28.27 5.90 0.540
AT-HIIT 27 28.78 471 28.00 4.28 0.139
ucC 25 28.52 6.34 27.12 6.20 0.064
Body mass Taxanes (kg) RT-HIIT 43 67.16 9.96 68.31 10.19 0.008
AT-HIT 45 67.40 10.97 67.61 10.93 0.514
ucC 35 68.77 10.02 71.46 10.46 < 0.001
Body mass Non-taxanes (kg) RT-HIT 31 70.72 12.89 70.64 12.44 0.868
AT-HIT 27 68.10 16.05 69.18 18.06 0.073
ucC 25 69.48 12.38 71.62 13.94 0.002
Hemoglobin Taxanes (g/L) RT-HIIT 43 133.42 7.04 108.68 7.33 < 0.001
AT-HIIT 45 135.00 7.96 108.85 9.61 < 0.001
ucC 35 131.29 9.82 106.60 791 < 0.001
Hemoglobin Non-taxanes (g/L) RT-HIT 31 130.42 7.88 112.55 7.36 < 0.001
AT-HIIT 27 133.59 10.59 114.39 9.68 < 0.001
ucC 25 130.56 9.43 111.05 9.97 < 0.001
PPT trapezius Taxanes (kPa) RT-HIT 41 424.67 159.92 441.65 163.41 0.374
AT-HIT 45 396.12 135.40 381.91 109.08 0.427
uc 35 395.39 139.88 401.13 127.37 0.681
PPT gluteus Taxanes (kPa) RT-HIIT 41 408.29 162.91 434.36 129.89 0.214
AT-HIT 45 410.69 195.77 400.39 128.21 0.631
ucC 35 434.66 153.58 415.69 132.43 0.349
PPT trapezius Non-taxanes (kPa) RT-HIIT 29 411.43 115.63 457.95 115.63 0.053
AT-HIIT 25 421.78 185.3 398.95 146.09 0.365
ucC 24 410.52 127.52 314.89 102.69 < 0.001
PPT gluteus Non-taxanes (kPa) RT-HIT 29 437.86 114.38 450.39 142.29 0.503
AT-HIIT 25 443.58 201.15 436.37 173.63 0.773
ucC 24 420.83 128.67 309.84 130.19 < 0.001
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Table 2 (continued)

Outcome Adjusted mean change p value  ES Adjusted mean change  p value ES Adjusted mean change  p value ES

(95% CI):RT-HIIT (95% CI):AT-HIIT (95% CI):RT-HIIT
versus UC versus UC versus AT-HIIT

Estimated VO, 0.30 (0.13 to0 0.48) < 0.001 0.59 0.22 (0.04 to 0.39) 0.013 0.49 0.09 (- 0.07 t0 0.25) 0.554 0.12
Taxanes (L min~")

Estimated VO, Non-  0.10 (- 0.08 to 0.29) 0.516 0.10 0.19 (0.01 to 0.38) 0.047 0.13  —-0.09 (- 0.26t00.09) 0.656 —0.04
taxanes (L min™")

Isometric mid-thigh 20.88 (11.92 t029.85) < 0.001 0.82 12.08 (2.98 to 21.18)  0.005 0.58 8.80 (0.26 to 17.34)  0.041 0.30
pull Taxanes (kg)

Isometric mid-thigh 13.52 (4.13 t0 22.90) 0.002 046  10.05(0.20 to 19.90)  0.044 0.37 3.47 (- 5.79 to 12.72) 1.000 0.11
pull Non-taxanes (kg)

Handgrip surgery side 2.30 (0.80 to 3.80) 0.001 0.43 0.76 (= 0.73 t0 2.24)  0.661 0.16 1.55(0.15 t0 2.94) 0.025 0.30
Taxanes (kg)

Handgrip non-surgery 2.08 (0.59 to 3.57) 0.003 0.37 0.87 (- 0.61 t02.34) 0.471 0.15 1.21 (- 0.18 t0 2.60) 0.109 0.22
side Taxanes (kg)

Handgrip surgery side 2.20 (0.48 t0 3.91) 0.007 0.38 1.01 (- 0.77t0 2.79) 0.509 0.16 1.19 (- 0.50t0 2.87) 0.264 0.27
Non-taxanes (kg)

Handgrip non-surgery 1.63 (— 0.31 to 3.57) 0.128 0.30 0.66 (— 1.34 t0 2.66) 1.000 0.11 0.97 (- 0.931t02.88) 0.642 0.22
side Non-taxanes (kg)

Body mass Taxanes —1.57 (- 3.19 to 0.06) 0.062 -0.15 -2.50(-4.10to 0.001 -0.23 0.93 (- 0.59 to 2.45)  0.420 0.09
(kg) —0.89)

Body mass Non-taxa-  —2.30 (—4.15to 0.010 -0.17 -0.99(-291t00.93) 0.628 —-0.07 -130(—3.13t00.52) 0.254 —0.08
nes (kg) —-0.44)

Hemoglobin Taxanes 1.07 (- 3.08 to 5.22) 1.000 0.01 0.49 (- 3.66 to 4.64) 1.000 0.17 0.58 (- 3.30to 4.46) 1.000 0.19
(g/L)

Hemoglobin Non- 1.56 (- 3.85 to 6.96) 1.000 0.19 2.14 (- 3.49t07.76) 1.000 0.03 —-0.58(—5.93t04.77) 1.000 -0.14
taxanes (g/L)

PPT trapezius Taxanes 21.7 (- 33.0t0 76.4) 1.000 0.07 —-19.7(-73.1t033.7) 1.000 —0.13 414(-991t092.7) 0.158 0.19
(kPa)

PPT gluteus Taxanes 31.6 (— 23.8t0 87.0) 0.507 027 -3.6(-57.8t050.7) 1.000 —0.06 352 (- 16.7t0 87.0) 0.308 0.18
(kPa)

PPT trapezius Non- 142.5 (77.6 t0207.4) < 0.001 1.17 77.4(10.2 to 144.7)  0.019 0.45 65.1 (0.9 to 129.3) 0.046 0.45
taxanes (kPa)

PPT gluteus Non- 129.4 (57910 198.8) < 0.001 1.02 1103 (37.3t0 184.3)  0.001 0.61 18.1 (- 51.5t0 87.7) 1.000 0.12

taxanes (kPa)

SD standard deviation, ES, effect size, PPT pressure-pain threshold, VO, peak oxygen consumption, RT-HIIT resistance and high-intensity
interval training, AT-HIIT moderate-intensity aerobic and high-intensity interval training, UC usual care, p < 0.05 is highlighted in bold

cardiorespiratory fitness. This suggests that HIIT provides
an effective and time-saving training strategy resulting in the
same beneficial preservation of cardiorespiratory fitness as
high-volume aerobic training, similar to findings in healthy
individuals [11]. Results from the subgroup analyses showed
that the declines in VO, (L min~") for the UC group were
more severe for those receiving taxanes (-14%) compared
to those not receiving taxanes (=7%). A previous exercise
trial including periodic high and low-intensity components
as well as relaxation exercise training reported on the chal-
lenges of preserving cardiorespiratory fitness during taxane-
based treatment and found significant declines in cardiores-
piratory fitness for both exercise and control groups [25].
In the current trial, both exercise interventions were able
to counteract the decline in estimated VO, in patients
receiving taxanes, suggesting the importance of HIIT per-
formed throughout the treatment period.

We previously showed that UC reported an increase in
CRF measured by the EORTC-QLQ-C30 over the interven-
tion, while no increase was found in the RT-HIIT and AT-
HIIT groups [5]. Moreover, RT-HIIT was able to counter-
act the increase in physical and total CRF found in the UC
group as measured by the Piper Fatigue Scale [5]. This is
in line with previous trials showing that exercise training
during chemotherapy was able to counteract CRF [4, 26].
Suggested mechanisms for CRF comprise reduced cardi-
orespiratory fitness and Hb [3]. Given the general decline
in Hb and that aerobic fitness was equally maintained in
both exercise groups, the physical CRF component is most
likely multifactorial. It is currently unknown whether CRF
is mainly induced by central or peripheral factors; however,
recent studies point toward CRF being centrally mediated
[27]. Studies on patients with advanced stage cancer suf-
fering from CRF showed that these patients were unable to
voluntarily recruit as much muscle as healthy controls [27],

@ Springer



100

Breast Cancer Research and Treatment (2018) 169:93-103

—e— RT-HIT
—&— AT-HIOT
—a— UC

5001
450 4§
400
350 *

PPT (kPa)

3004

250+

—e&— RT-HIT
—&— AT-HIT

5001
4504 T
400+
3504

PPT (kPa)

3004

250+

NS
<

Fig.2 Pressure-pain thresholds (PPT) for a trapezius muscle, b glu-
teus muscle. RT-HIIT resistance and high-intensity interval train-
ing, AT-HIIT moderate-intensity aerobic and high-intensity interval
training, UC usual care. *p < 0.05 at post versus pre measurement;
p < 0.05 compared to UC; %p < 0.05 between RT-HIIT and AT-
HIIT. Data is presented as mean and standard error of the mean. No
statistically significant differences were found at baseline between
groups

and had an earlier motor task failure [28]. The resistance-
training component of RT-HIIT likely induced central neuro-
muscular adaptations through increased motor neuron firing
frequencies [29]. In line with this, we found a weak inverse
association between change in self-reported CRF and change
in lower-limb muscle strength (r = — 0.28; p < 0.001). This
is in concordance with findings from a study on patients with

advanced cancer [30]. Weak negative associations have been
found between maximal handgrip strength and self-reported
CRF in breast cancer survivors [31]. We did not however
find associations between handgrip strength and cardiores-
piratory fitness measures with changes in self-reported CRF.
A study by Thorsen et al. also failed to show associations
between cardiorespiratory fitness (assessed by the same sub-
maximal cycle test as in our trial) and self-reported CRF
[32]. It may be speculated that stronger associations would
be found between time to fatigue assessments and CRF.
However, based on the current assessments, our findings
indicate that lower-limb muscle strength may be an impor-
tant underlying component of the multifactorial symptom
CREF. Given that CRF can persist for up to ten years after a
cancer diagnosis, and predicts shorter survival [3], imple-
menting combined high-intensity intervals with resistance
exercise regimens, similar to RT-HIIT, during chemotherapy
may be critical for reducing the burden of this symptom.

In agreement with previous resistance-training inter-
ventions [4], we found a moderate effect size (0.66) for
changes in lower-limb muscle strength with RT-HIIT
compared to UC. Importantly, lower-limb muscle strength
was also improved in the AT-HIIT group, not commonly
reported with conventional aerobic exercise, supporting a
role for HIIT in inducing neuromuscular adaptations. The
handgrip strength improvements displayed by the RT-HIIT
group offers a prognostic value and is an important correlate
of health in survivors of breast cancer [31]. In the current
study, strength gains were found with RT-HIIT regardless of
chemotherapy regimen, and even slightly greater improve-
ments for those receiving taxane-treatment for lower-limb
muscle strength (+ 18.3%) compared to those on taxane-free
treatment (+ 14.2%). Our findings are in contrast to those
of Courneya [10], reporting that participants in a combined
resistance and aerobic training group receiving taxane-
treatment did not gain as much muscle strength as those
not receiving taxanes. The discrepancy is unclear; however,
despite that taxanes induce higher rates of myalgia, arthral-
gia, and neurosensory effects [9], a recent preclinical study

Table 3 Pearson product-

: Outcome 1 2 3 4 5 6 7 8
moment correlations between
changg in cancer-related fatigue 1. Self-reported cancer-related fatigue -
and pain (EORTC-QLQ-C30) 2. Self-reported pain 0.37% -
and change in physical outcome
measures 3. Cardiorespiratory fitness -0.10 0.00 -
4. Lower-limb muscle strength —-0.28% —-0.07 0.25*% —
5. Handgrip strength (surgery side) —-0.12 -0.07 0.15% 0.23* —
6. Handgrip strength (non-surgery side) -0.13 -0.05 0.22* 0.22* 0.67% -
7. Pressure-pain threshold (trapezius muscle) —0.09 0.03  0.01 0.17% 0.10 0.17* —
8. Pressure-pain threshold (gluteus muscle) —0.24* —0.02 0.03 0.16%* —0.02 0.11 0.64* —

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

Questionnaire, *p < 0.05
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showed no impairments in muscle function in response to
taxanes [33].

Women with breast cancer commonly gain about 5 kg
body weight during chemotherapy, and few return to
their pre-diagnosis weight [34]. Here, no weight gain was
observed in either of the intervention groups, except for the
RT-HIIT group that received taxanes. The UC group gained
body weight regardless of chemotherapy regimen. Since
weight gain is associated with comorbidities and recur-
rence [34], maintaining pre-diagnosis weight is of major
importance.

Physical fitness is associated with a high pressure-pain
threshold (PPT) [35]. In the current study, the RT-HIIT
intervention could completely compensate for the reduced
PPT found in the UC group over the intervention. Nota-
bly, subgroup analyses showed that the patients receiving
taxanes displayed no hyperalgesia over time, despite taxanes
being more neurotoxic and associated with higher levels of
self-reported pain compared to non-taxane treatments [36].
We speculate that taxanes may cause increased numbness
leading to a blunted PPT response. In line with this, loss of
vibratory perception has been reported with taxane thera-
pies [37]. Moreover, we found no associations between self-
reported pain and PPT. Our findings are in line with a pre-
vious study showing no associations between self-reported
pain and heat pain threshold in healthy participants [38].
The same study noted that those who reported more pain
were found to be more anxious than those who reported less
pain, while objectively measured heat pain thresholds did
not follow the same pattern. Given that a cancer diagnosis
is accompanied by feelings of depression, fear, and anxi-
ety [39], it may be speculated that the participants in our
study were influenced by negative affect/anxiety that might
have influenced their subjective feeling of pain, which could
explain the lack of association between self-reported pain
and PPT in the current study as well.

Of note, we found significant weak-to-moderate associa-
tions between changes in PPT at the gluteus and trapezius
muscles and changes in lower-limb muscle strength as well as
between changes in PPT at the trapezius muscle and changes
in handgrip strength, indicating that muscle strength/function
may be of particular importance in preserving objectively
measured pain sensitivity. In contrast, a recent study assess-
ing associations between PPT and muscle strength found no
significant correlations [40].

The OptiTrain study is a sufficiently powered, supervised,
in-clinic, randomized intervention trialing two types of pro-
gressive exercise regimens with validated measures. Our
attendance rates are within the range commonly reported in
exercise trials [4]. Limitations comprise that the first assess-
ment was performed after one cycle of chemotherapy; how-
ever, this also provides some benefit by excluding acute
effects of chemotherapy from analyses comparing first and

last measurements. Moreover, a selection bias may have been
introduced by the relatively large number of UC-patients
declining participation directly after randomization. This
aspect should generally be considered when drawing conclu-
sions from exercise intervention studies.

Conclusions

A 16-week supervised concurrent resistance and high-intensity
interval training intervention (RT-HIIT) significantly improved
muscle strength, and prevented hyperalgesia. Moreover, the
RT-HIIT intervention was as efficient as AT-HIIT in maintain-
ing body mass and cardiorespiratory fitness in women with
early breast cancer receiving adjuvant chemotherapy. Find-
ings from the current study also show that participants in the
RT-HIIT group displayed similar beneficial effects from the
exercise intervention regardless of receiving taxane or taxane-
free treatment. This renders us to recommend that women
receiving chemotherapy for primary breast cancer should be
provided with knowledge of and access to a concurrent resist-
ance and high-intensity interval training regimen.
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