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Introduction: Epidemiological studies show that increased physical activity is linked to

a lower risk of breast cancer and mortality. As a result, physical activity can significantly

improve patients’ quality of life (QOL) both during and after therapy.

Many breast cancer patients demonstrate a decrease in cognitive capacity, referred to

as the symptom-complex cancer related cognitive impairment (CRCI). Most frequently

reported impairments are mild to moderate deficits in processing speed, attention,

memory, and executive functions. Cognitive symptoms persist for months or even

years, following medical treatment in roughly 35% of afflicted people, impairing everyday

functioning, limiting the ability to return to work, and lowering the overall QOL. Recent

studies point toward a key role of inflammatory pathways in the CRCI genesis. Attention

to physical activity as a potential supportive care option is therefore increasing. However,

evidence for the positive effects of exercise on preventing CRCI is still lacking.

Patients and Methods: Against this background, the prospective, two-arm, 1:1

randomized, controlled trial investigates the influence of first line chemotherapy

accompanied by exercise training on preventing CRCI in 126 patients with breast cancer

at the local University Hospital. The study will evaluate biomarkers and secondary

assessments suspected to be involved in the pathogenesis of CRCI in addition to

objective (primary outcome) and subjective cognitive function. CRCI is believed to
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be connected to either functional and/or morphological hippocampal damage due to

chemotherapy. Thus, cerebral magnetic resonance imaging (MRI) and hippocampal

volume measurements are performed. Furthermore, a specific neuropsychological test

battery for breast cancer patients has been developed to detect early signs of cognitive

impairments in patients and to be integrated into practice.

Discussion: This study will explore how a long-term supervised exercise intervention

program might prevent CRCI, enables optimization of supportive care and objectifies

limits of psychological and physical resilience in breast cancer patients during and after

chemotherapy treatment.

Trial Registration: ClinicalTrials.gov: Identifier: NCT04789187. Registered on 09

March 2021.

Keywords: exercise, breast cancer, cognition, physical activity, cancer related cognitive impairment (CRCI)

INTRODUCTION

Despite the efficacy of breast cancer treatments, chemotherapy
has severe side effects on patients’ cardiovascular and metabolic
systems and quality of life (QOL). Some adverse effects can
be acute, occurring primarily during treatment, whereas others
may have a delayed onset and persist for years after the end of
treatment (1).

The variability of these side effects is widespread.
Chemotherapy often leads to nausea, vomiting, depression,
reduced bone-mineral density, cardiac toxicity, and
cancer-related fatigue (2, 3).

Targeted exercise programs reduce several diseases and
treatment-related side effects, including fatigue, depression, and
lymphedema, mentioned above, besides increasing completion
rate (4, 5). Therefore, exercise regimens can improve patients‘
QOL during and after therapy (6).

Cancer-related cognitive impairment (CRCI) – formerly
termed as “Chemobrain” – can be observed before, during, and
after treatment in breast cancer patients (7–9).

Mild to moderate deficiencies in learning, memorization,
processing speed, and executive processes (10) are the most
commonly reported impairments, and they significantly affect
patients’ QOL (11, 12). The percentage of breast cancer patients
reporting cognitive impairments varies between 17 and 75% (13–
15). This difference may be driven by varying assessment time
points, assessment methods, criteria of cognitive impairment
cut-offs, and various treatment/intervention regimens as well as
interactions with correlating side effects, such as depression, and
fatigue (13).

Although information about the underlying mechanisms of
CRCI is still sparse. Investigations conducted in the past decade
suggest a multifactorial genesis (16, 17).

Preclinical studies have shown that cytostatic drugs and
radiation directly impair and damage different cell populations
(e. g., neuronal progenitor cells and oligodendrocytes) (18)
in the central nervous system (CNS). Clinical investigations,
including microscopic and molecular findings, have revealed
substantial reductions in gray and white matter volume and

integrity (13, 19–26). These effects are not confined to treatments
and drugs that can penetrate the blood-brain-barrier directly,
suggesting mechanisms that are more complex.

According to recent literature, most likely indirect effects
are disease- or therapy-related. They may translate to systemic
inflammatory stimuli that penetrate the blood-brain-barrier
causing functional and structural damage, and hence cognitive
impairments (27). The role of systemic inflammation in this
context has been accepted as a key player in the pathogenesis
of neuropsychiatric diseases, and it demonstrates the delicate
interplay between immune, nervous and central nervous systems
in various pathological conditions (28).

Accomplishments in neuroscientific research conducted in
humans and rodents have indicated that physical activity and
exercise constitute a conservative and effective treatment method
especially in psychiatric disorders such as major depression.
Therefore, these activities have become a focus of interest for
supportive therapies in oncology patients to prevent cognitive
impairment (29–32).

Increased physical activity following diagnosis has been
linked to primary cancer prevention and decreased mortality
in oncology patients. Physical exercise interventions, therefore,
became an integral and important part of supportive therapy
in cancer patients (33), since they effectively reduce several
side effects such as fatigue (34) and depressions as well as
lymphedema and improve patient’s fitness and QOL (35, 36).

Through a survey of the published literature, our group has
found that exercise therapies considerably improve and preserve
cognitive performance in healthy adults (27, 31, 37–39) and
patients in clinical settings (40). Exercise appears to significantly
reduce CRCI, according to preliminary findings. Preclinical
studies have shown that physical activity reduces (neuro-)
inflammatory stress in the long run and raises circulating and
central levels of neuronal growth factors (41–47).

In this context, the most frequently investigated brain
structure is the evolutionarily highly conserved hippocampus,
which is involved in multiple cognitive activities such as learning,
memory, and pattern recognition. It became a focus of interest in
recent studies investigating CRCI, due to its sensitivity, ability to
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perform neurogenesis, and integration in various psychiatric and
neurodegenerative disorders (37, 38, 48, 49).

Therefore, the majority of the findings mentioned above
concern to the hippocampus, where the influence of physical
exercise and neurogenesis has been associated with an increase
in hippocampal volume and an enhanced memory function
(31, 50, 51).

Regarding the type and intensity of the implemented
exercise regimen, comprehensive reviews have shown that
higher intensity exercise regimens may have superior effects on
cognition, and theymay be linked to physiological underpinnings
compared to low or moderate aerobic exercise interventions
(50, 52–59). In a randomized pilot trial Lee et al. (60), noticed
that high-intensity interval training (HIIT) during chemotherapy
was safe and feasible for women with breast cancer (60). Mijwel
et al. (55) used HIIT in their training regimen demonstrated its
efficacy in breast cancer patients undergoing chemotherapy (55).
HIIT appears to be highly effective in minimizing side effects and
is more efficient in improving functional cognitive impairments
than an aerobic exercise intervention alone (36, 55–57).

As mentioned earlier, the symptom-complex related to CRCI
is highly heterogeneous and varies substantially from patient
to patient. Although, stated previously, the hippocampus is
essentially involved in most of the CRCI related activities.
We, therefore, use the California Verbal Learning Test (CVLT)
to measure the primary endpoint of the conducted trial
– neurocognition regarding learning, memorizing, processing
speed, and executive functions because of its high sensitivity
to hippocampal related impairments (61, 62). Brain magnetic
resonance imaging (MRI) and hippocampal volumetry is used in
conjunction with potential structural abnormalities (26, 63).

In addition, a specific neuropsychological test battery for
breast cancer patients has been developed, which will help to
specify and detect early signs of cognitive impairment in patients
and will be integrated into a new standard of treatment.

Unfortunately, exercise trials in the context of CRCI have
several methodological limitations. The majority of studies
(59, 64–66) conducted to date were small in cohorts and
time, were not randomized, used a variety of unstandardized
objective and subjective cognitive assessments, provided no
information on physiological/biological changes, and most
essentially did not include imaging techniques to screen
for structural correlates in terms of cognitive impairment.
Incompliance and lack of adherence in the intervention group
are common problems, also when seen to be correlating
directly with the median age of study cohort, entity of cancer
and especially the type and administration of the exercise
intervention (supervised/unsupervised) (67, 68).

Therefore, the ECCO-study bridges the gap between
conducted exercise trials by summarizing all findings to CRCI
up to this time and integrating them into a randomized
controlled trial.

The aim of this study is to investigate the effects of
an additional 12 months individualized and supervised HIIT
based training program, in contrast to only giving out general
physical activity recommendations, on cognition in patients

with diagnosed local breast cancer receiving neo-/adjuvant
chemotherapy. Secondary aims are to determine the effects of the
intervention on physical performance, common cancer related
side effects (e.g., fatigue, emotional and physical well-being and
QOL), structural changes of the brain, as well as potential
underlying biomarkers.

Therefore, we hypothesize, that constant physical activity and
additional supervised HIIT in the intervention group results in
less cognitive impairment compared to the control group. Hence,
the mean (sub)scores “total trial,” “short delay” and “long delay”
of the CVLT after 12 months of intervention are hypothesized to
be higher in the intervention- than in the control group.

METHODS

The Exercise, Cancer and Cognition (ECCO) study was designed
as a randomized controlled trial to investigate the impact of
a long-term physical activity program on CRCI in patients
receiving adjuvant/neoadjuvant breast cancer treatment.

The ECCO study is a monocentric two-arm 1:1 randomized
controlled trial (RCT), including a 12-month intervention and
control group. A detailed study-flow is shown in Figure 1. The
exercise interventions start within the first week of chemotherapy
and last for 12 months. The study protocol was approved by the
local ethics committee of Upper Austria (Austria) (1191/2018)
and registered with the WHO trial register (reference number:
NCT04789187). Any modifications to the protocol, which had
an impact on the realization of the study, on benefits and harms
of the participants, on study objectives and design, on sample
size or study procedure, required a formal amendment to the
Ethics Commission and had been approved. Participants are
assigned to one of two groups: an exercise intervention arm
(A) and control arm (B). Group A is motivated to fulfill the
general physical activity recommendations (individual heart rate
definition and strength training advice, home based) (69) and
should perform a supervised high intensity interval training
(HIIT, center based) once a week in addition to regular care.
The control arm (B) receives regular care and general physical
activity recommendations. Both groups will follow the same
recommended physical activity guidelines, but in contrast to
the intervention arm, the control group does not receive any
individual heart rate suggestions and strength training material.

Study Population and Recruitment
Patients are recruited at the department of hematology
and internal oncology of the Kepler University Hospital
in Linz (AUT). Patients diagnosed with local breast cancer
receiving neo-/adjuvant chemotherapy and not fulfilling
any exclusion criteria listed in Table 1 are advised by the
attending physicians and recruited for study participation.
Patients receive a detailed description of the study, can
ask any question, and are included in the planned research
program only after written consent, according to the ethics
committee’s approval. Patients can withdraw at any time
and for any reason without prejudice to their medical care.
Randomization procedures and randomization lists were

Frontiers in Neurology | www.frontiersin.org 3 March 2022 | Volume 13 | Article 777808

https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Kiesl et al. The ECCO Study

FIGURE 1 | Study flow.

deposited in a sealed envelope before recruitment of the
first patient. Single decoding is available for each subject in
sealed envelopes. The envelopes containing information about
group affiliation are opened by an authorized study team
member at the last possible time (at the earliest after complete
baseline evaluation).

All assessments are conducted at three main time points (t0,
t1, t2) in both groups.

• t0 (Pre): Before first chemotherapy within± 14 days.
• t1 (interim): After 6 months± 14 days.
• t2 (post): After 12 months± 14 days (end of intervention).

For participants in all groups, clinical assessments during the
intervention period are additionally performed at least every
second month and at each clinical visit (usual care).

Data Collection and Timeline/Testing
Procedure
Data are collected at baseline (t0), after 6 months of intervention
(t1) and after 12 months of intervention (t2). The patient’s
medical record and intended therapy, demographic (age, sex) and
anthropometric data (weight, height, BMI), past medical history
and current medication are collected at the start. Furthermore,
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TABLE 1 | In- and exclusion criteria.

Inclusion criteria Exclusion criteria

• Pending chemotherapy

(neo-/adjuvant)

• Significant comorbid conditions

contraindicating physical activity

• Diagnosed breast cancer • Cognitive dysfunction, defined by subjective or

diagnostic deficits in attention, memory,

executive function and/or visual construction

before the start of chemotherapy, as well as any

known history of cognitive disorder at the

baseline screening.

In tests without clear ranges of reference values

for cognitive impairments in performance,

cut-offs will be defined using >1,5 SD from

normative data. Cognitive impairment therefore

is defined by > 1,5 SD in two tests at

baseline assessment.

• Eastern Cooperative

Oncology Group (ECOG)

performance status of 0

or 1

• Vigorous physical activity of >300min weekly

within the last 6 months before diagnosis of

breast cancer (Evaluated by training anamnesis)

• Age ≥ 18–70 years • Patients unwilling to complete endurance

exercise or complete all questionnaires related

to the study

• Adequate

hematologic function

Platelet count > 50

× 10∧9/L Hemoglobin >

8 g/dL

• Past or current history of other malignant

neoplasms other than breast cancer in the last

5 years

• No motorical dysfunction

leading to the disability to

perform

endurance exercise

according to protocol

• Coronary heart disease

• Signed informed consent

prior to randomization

• Left bundle branch block

• Fluid in German • Chemotherapy or radiation with other

indications than breast cancer diagnosis

• Current pregnancy or plans to become

pregnant within the next 3 years

• Neurodegenerative disease

the primary outcome and all secondary outcome measurements
of the study are captured before the first therapy session. After 6
months of intervention (t1), an interim exercise test is conducted
to adapt the exercise workload in Arm A and in Arm B for
equality. At (t2) the primary outcomemeasures and all secondary
outcome measures are re-assessed. A follow-up period of 12 and
24 months is provided after the end of the intervention. The
follow-up assessments therefore are parameters assessed within
the clinical routine amended by the questionnaires used to assess
quality of life and activity level.

A detailed study schedule is presented in
Supplementary Appendix 1.

All assessments except exercise testing are performed at the
Kepler University Hospital, Linz (AUT). At (t0), (t1), and (t2).

All blood samples are drawn and stored at minus 85◦C at the
Kepler University Hospital Linz. Analyses of cancer-related pro-
and anti-inflammatory biomarker samples are performed at the
Sports University of Cologne.

Exercise Testing
Incremental exercise tests with a one-minute step duration are
conducted on a calibrated bicycle ergometer (Corival cpet, Lode
BVMedical Technology, NL) (70). Before each test, the breathing
gas analyser (Vyntus CPX, CareFusion Germany 234 GmbH, D)
is calibrated for volume and O2/CO2 concentration according
to the manufacturer’s guidelines. Every participant is seated for
about 1–2min on the ergometer while preparing one ear lobe for
blood-testing. During exercise tests, respiratory gas exchange is
recorded, and heart rate is measured continuously using the ECG
system KISS MULTILEAD (GE Medical Systems Information
Technologies GmbH, D). Lactate concentrations are determined
in capillary blood taken from the ear lobe at rest and at the end of
each increment until exhaustion and therefore end of testing.

Groups and Description of Intervention
Exercise Intervention Arm (A)
Participants randomized to the exercise arm are motivated to
fulfill the general physical activity recommendations with a
defined heart rate and material for strength training (folder
and exercise video). The frequency and duration of the home-
based exercise depends on individual circumstances but follows
general suggestions.

American College of Sports Medicine (ACSM) has
recommended the following physical activity for cancer
survivors (69):

• Take part in regular physical activity.
• Avoid inactivity and return to normal daily activities as soon

as possible after diagnosis.
• Aim to exercise at least 150min weekly with

moderate intensity.
• Include strength training exercises at least 2 days per week.

The advised heart rate therefore is defined by the baseline exercise
testing and adjusted after 6 months if necessary.

Additionally, group A is asked to perform a supervised HIIT
at the Cardiomed Linz rehabilitation center once a week.

The high intensity exercise interventions are performed on a
stationary bike (ergo_bike premium 8, daum electronic gmbh,
D). An experienced and accredited therapy specialist supervises
and supports the exercise interventions throughout the trial.

Participants perform alternating intervals of maximal power
output Pmax (measured by the exercise test) and rest in a ratio of
1:3. The duration of the Pmax interval is 20 and 60 s for pause.

The HIIT program is set up in two cycles; one includes an
enhancement of the weekly intervals and a recovery unit (3:1)
(shown in Figure 2A). This cycle is followed by a stabilization
cycle (4 weeks), in which the number of intervals is kept constant
(shown in Figure 2B). The next cycle starts with a higher number
of intervals and is enhanced over 3 weeks, followed by a recovery
unit (3:1), and continued by another stabilization cycle (4 weeks).
A schematic graphic of this periodized exercise regimen is shown
in Figure 2 (71). After 6 months of intervention, a re-evaluation
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FIGURE 2 | Schematic representation of the amount of intervals for the first 6 month of intervention. HIIT is planned in 2 cycles, (A) Continual enhancement of the

amount of intervals up to week 3 followed by one recovery week (3:1). (B) Stabilization cycle, which includes 4 weeks of a continual amount of intervals. Those

stabilization cycles will be enhanced over time by the amount of intervals. This cyclic scheme will be maintained over the year of intervention period.

of the patient’s performance is conducted as described above. The
peak load of the intervals will be adapted according to the new
Pmax if any alteration in peak performance is observed.

HIIT in week 1 is conducted with 8 intervals (see Figure 3)
and enhanced to 10 intervals in week 2 and 12 in week three.
The recovery units are adapted to the number of intervals. The
following stabilization cycle includes 10 intervals over 4 weeks.
The duration of the HIIT sessions therefore depends on the
amount of intervals and ranges from 20min at the beginning of
the program to∼45min at the end of the intervention.

HIIT load is enhanced over time by increasing the amount of
intervals and increased to a 2:1 ratio (rest to load) in the last 3
months, according to expected training adaptations.

Control Arm (B)
Participants in the control arm receive usual care and physical
activity recommendations following regular procedures. Patients
are examined during clinical visits. The control group receives
the same physical activity recommendations (see above) as the
intervention group except any heart rate suggestions.

Documentation of Exercise Intervention
Center based exercise interventions in arm A and all home-
based physical activity (arm A and B) are recorded by a “Garmin

Forerunner 45s” (with “Garmin Connect”) in combination with
a chest strap. Heart rate, frequency, and duration of home
exercises are documented in a digital activity diary provided on
the online platform “www.trainingpeaks.com”. Patients perform
low intensity endurance exercise at home with any type of sports
equipment or outdoors independently.

Study Endpoints
Primary Endpoint
The primary endpoint is the difference from baseline (t0) to
completion of the exercise intervention (t2), in the California
Verbal Learning Test (CVLT) mean scores and consists of the
three (sub)scores “short-delay,” “long-delay” and “total-trials 1–
5” of the CVLT. The CVLT is an instrument commonly used to
evaluate the individual verbal learning and memory.

The test consists of two 16-word lists. The word list A is
defined as the learning-list; word list B is used to interfere
(interference-list). Word list A will be read aloud to the patient
5 times, then list B will read once. After that, the patients must
recall as many words as possible from list A, afterwards the
semantic recall follows. After 20min, the patient is asked to
recall again as many words as possible from list A, followed
by a helping recall trail. For recalling, similar, semantic and
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FIGURE 3 | Schematic representation of the HIIT for the first week of intervention. Warm-up exercise starts low at 20% Pmax and will be increased in 5 increments up

to 40% Pmax. Intervals will be performed at 100% Pmax for 20 s and recovery intervals will be 60 s at 20% Pmax giving a mean workload (Pmean) of 40% Pmax according

to Tschakert and Hofmann (QUELLE). Overall workout duration is 20min.

phonematic distractions and categoric prototypes will be used.
There are two normed settings available for baseline and t2.

The (sub)scores “total-trials 1–5” ascertains the learning curve
for the first word list based on 5 rounds. The “short-delay” reports
the delayed recall immediately after presentation and retrieval of
the second word list (as interference) and without repeating the
first list. The “long-delay” is testing the recall after∼20 min.

Secondary Endpoints
Further neuropsychological related endpoints distinguish by
the variable attention and motor-speed, memory, executive
functions, and visual construction.

To raise attention and psycho-motoric speed the subtest Digit
Symbol Coding (of WAIS IV) is used, in which as fast as
possible, symbols shall be written to different objects and the Trail
Making Test A, in which numbers shall be put together in the
correct order.

Memory function is captured with the subtests Logical
Memory I & II (of WMS IV, memorizing texts immediately
and after ∼30min). The subtest Digit Span backwards
(of WAIS IV), Trail Making Test B/A (quotient of the
processing times required for Trail Making Test B) and the
“Regensburger-Wortflüssigkeits-Test” for word fluency (words

with a special initial letter, words from a special category)
measure executive functions.

At last, the subtest Block Design (of WAIS IV) in which
patterns have to be recreated from a template with cubes is used
to get information about the visual construction.

Secondary endpoints of physical activity and exercise related
aspects are represented by performance changes obtained from
exercise testing. Main variables are maximal oxygen uptake
(VO2max) and maximal power output (Pmax), submaximal
threshold values such as the first and the second ventilatory
thresholds (VT1, VT2), body composition (body fat, muscle
mass, Waist-to-Hip ratio, BMI) and the global physical activity
questionnaire (GPAQ).

Additionally morphological changes of the heart
will be objectified by strain-analyses. Speckle-tracking-
echocardiography performed by Aplio-i900 (Canon) is
implemented to evaluate possible chemotherapy related
effects on the ventricular function.

Further patient-related endpoints like fatigue, emotional
functioning/well-being, physical functioning/well-being, and
QOL are measured by the Pittsburgh Sleep Quality Index (PSQI),
Multidimensional fatigue inventory (MFI-20), Functional
Assessment of Cancer Therapy-General (FACT-G, FACT-G/F),
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TABLE 2 | Primary and secondary endpoints.

Primary endpoints

California verbal learning test

• “Total trials 1–5”

• “Short delay”

• “Long delay”

Secondary endpoints

Neuropsychological endpoints:

Attention

• Wechsler Adult Intelligence Scale (WAISIV) – Subtest Digit Symbol Coding

• Trail Making Test A

Memory:

• Wechsler Memory Scale (WMS-IV)

• Wechsler Adult Intelligence Scale (WAIS-IV) - Subtest Logical Memory I & II,

Digit Span

Executive function:

• “Regensburger” Wortflüssigkeits-Test (RWT)

• Trail Making Test B/A

• Wechsler Adult Intelligence Scale (WAIS-IV) - Subtest Digit Span backwards

Visual construction:

• Wechsler Adult Intelligence Scale (WAIS-IV) - Subtest Block Design

Cerebral imaging endpoints

• MRI and multiparametric automated volumetric analysis by FreeSurfer with

respect volumes, cortical surface deformation, segmentation of the white

matter and deep gray matter structures, as well as the shift in tissue intensity

Laboratory endpoints

Pro- and anti-inflammatory biomarker

• Tumor necrosis factor alpha (TNF-α)

• Interleukin1 alpha,−1 beta,−6,−10 (IL-1α, IL-1β, IL-6, IL-10)

• C-reactive protein (CRP)

• Interleukin-1 receptor antagonist, (IL-1RA)

Neurotrophic and growth factors

• Brain-derived neurotrophic factor (BDNF)

• Insulin like growth factor (IGF-1)

• Vascular Endothelial Growth Factor (VEGF)

• Matrix-metalloproteases (MMP)

Physical activity and Exercise Endpoints

• Exercise testing

• Body-Mass Index (BMI)

• Bio Impedance Analysis (BIA)

• Hip-to-Waist ratio (HtW-R)

• Global physical activity questionnaire (GPAQ)

Cardiac imaging Endpoints

• Speckle tracking strain echocardiography

Survival related Endpoints

• Disease free survival and overall survival

Patient related Endpoints

• Pittsburgh Sleep Quality Index (PSQI)

• Multidimensional fatigue inventory (MFI-20)

• Functional Assessment of Cancer Therapy-General (FACT-G, FACT-G/F)

• Beck-Depression-Inventar (BDI-II)

• State-Trait-Anxiety Inventory (STAI)

Beck-Depression-Inventar (BDI-II) and State-Trait-Anxiety
Inventory (STAI).

Survival related endpoints are defined as the time from
randomization to any signs of locoregional or metastatic
recurrence or the appearance of secondary cancer or death,

whichever occurs first - disease free survival (DFS) and
time from randomization to death from any cause - overall
survival (OS).

Endpoints of cerebral imaging are measured by Magnetic
Resonance Imaging (MRI) and analyzed by “FreeSurfer” to
show morphological signs of chemotherapy related effects on
hippocampus volume. Cerebral images are acquired by a 3-
Tesla Magnetom Trio Scanner (Siemens, Germany). For volume
hippocampal measurement the automated volume-measurement
software “FreeSurfer,” V.6.0 is used.

Laboratory endpoints, former connected to CRCI, are
measured by pro- and anti-inflammatory biomarkers including
Tumor necrosis factor alpha (TNF-α), Interleukin1 alpha,−1
beta,−6,−10 (IL-1α, IL-1β, IL-6, IL-10), C-reactive protein
(CRP), Interleukin-1 receptor antagonist, (IL-1RA) and
Neurotrophic and growth factors including Brain-derived
neurotrophic factor (BDNF), Insulin like growth factor (IGF-1),
Vascular Endothelial Growth Factor (VEGF) and Matrix-
Metalloproteases (MMP). The primary endpoint and all
secondary endpoints are summarized in Table 2.

Drop-Out Procedure
Patients can quit study participation at any time and for any
reason. Except for personal reasons, participation is terminated
if participants miss HIIT sessions for more than five weeks in
a row. In order to collect sufficient data for statistical analysis,
participants are asked to undergo all endpoint measurements at
the time of study drop-out.

Adverse Events Management
Neither additional nor experimental drugs are given to patients
during this clinical trial. Patients in the study arm are asked to
follow an individual training regimen based on the most recent
health guidelines and so did not pose a health risk. The included
procedures are validated and performed under the supervision of
a physician.

Data Management
Clinical research and management software (REDCAP R©) is used
to collect the data electronically. To protect the confidentiality
of the participants, all required information is identified by an
individual ID number. Separate electronic case report forms
(eCRF) are used for baseline and follow-up of structured
interviews with study participants. In case of technical failure,
paper case report forms (CRF) are used. When available,
values of laboratory tests and additional data are added to the
electronic database. All data capture is pre-specified by the
principal investigator.

Biostatistical Planning and Analysis
Concept
The study is based on a superiority approach with a comparison
of two kinds of treatment and with three equal-ranking
primary endpoints.
Treatment arms:

Treatment arm A: Endurance exercise intervention →

group A
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TABLE 3 | Sample size estimation.

Group B Group A Delta Pooled SD n

CVLT total trials 1–5 after 12 months 48.56 ± 7.47 55.84 ± 8.03 7.28 7.75 2 × 25

CVLT short delay after 12 months 11.02 ± 2.26 12.67 ± 2.43 1.65 2.35 2 × 44

CVLT long delay after 12 months 10.97 ± 2.38 12.62 ± 2.56 1.65 2.47 2 × 48

Treatment arm B: No endurance exercise intervention →

group B

Primary endpoints:

(1): CVLT total trials 1-5 after 12 months [-]
(2): CVLT short delay after 12 months [-]
(3): CVLT long delay after 12 months [-]

The type I error will be adjusted according to Bonferroni.

Hypotheses
(1):

H-01:
CVLT total trials 1–5 after 12 months is not higher in group A
than in group B
H-11:
CVLT total trials 1–5 after 12months is higher in group A than
in group B

(2):

H-02:
CVLT short delay after 12 months is not higher in group A
than in group B
H-12:
CVLT short delay after 12 months is higher in group A than in
group B

(3):

H-03:
CVLT long delay after 12months is not higher in group A than
in group B
H-13:
CVLT long delay after 12 months is higher in group A than in
group B

Sample Size Estimations and
Determination of Sample Size
The following information and assumptions are used for sample
size estimations:

• Use of data from the study of Andreotti et al. (72) (baseline
assessments in healthy women) for group A.

• Postulation of a 15% change of the mean scores in group A
over group B for all 3 primary endpoints (Xgroup A = 1.15 ∗

Xgroup B).
• Postulation of a 7.5% change of the standard deviations in

group A over group B for all 3 primary endpoints (SDgroup
A= 1.075 ∗ SDgroup B).

• Type I error (Bonferroni-adjusted)= 0.833% one-sided.
• Type II error= 20%.
• Independent samples t-test.

Results of Sample Size Estimations
The result of the sample size estimation (see Table 3) is a
requirement of 48 “valid cases” per group. According to previous
work and our clinical expertise we calculated sample size with
n = 126, expecting a drop out of 15%. As drop-out rates in the
literature often show great variety and the applied exercise regime
(even though it is highly time efficient and supervised) is rather
newly tested within this group, study capacities and all arising
costs will be fully covered if we see higher drop-out rates up to
n = 134 (Assuming a drop-out rate of 20% and considering the
possible need for a non-parametric test).

Analysis Populations
Intent-To-Treat (ITT) Population
All subjects whose study intervention has actually started (group
A) or who have reached a time when the study intervention could
have started (group B) will be included in the ITT population. All
variables will be analyzed.

Per-Protocol (PP) Population
All subjects without occurrence of any drop-out situation (all
valid cases) will be included in the PP population. All variables
will be analyzed. The PP analysis is paramount.

Full Analysis Set
All enrolled subjects, that is the ITT population plus subjects
whose study intervention has never started (group A) or who
don’t have reached a time when the study intervention could have
started (group B). All variables of all subjects not belonging to the
ITT population are analyzed by descriptive statistics, provided
that the number of the corresponding subjects is higher than 5,
otherwise a narrative presentation of these cases takes place.

Handling of Implausible Values and of Missing Values
Implausible values have to be identified during the data
management process in agreement with the clinical investigator.
They will be converted into missing values.

Missing values will be replaced only in the ITT population
and only for the three primary endpoints. The replacements will
be made according to the worst-case principle (use of the worst
assessed value in the study).
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Statistical Methods
Group Comparisons of Primary

Endpoints/Hypotheses Testing
If the hypothesis of normal distribution cannot be rejected
(Kolmogorov-Smirnov with Lilliefors significance correction,
type I error = 10%) and if homoscedasticity exists (Levene’s
test; type I error = 5%) a parametric analysis of covariance
(ANCOVA) will be applied (type I error = 0.833% one-
sided). Otherwise, a non-parametric analysis of covariance (rank
analysis of covariance according to Quade) will be used (type I
error= 0.833% one-sided).
Covariates are

• CVLT total trials 1–5/CVLT short delay/CVLT long delay
(corresponding variable) at baseline [-]

• BMI at baseline [kg/m²]
• Age at baseline [years]
• BDI II at baseline [-]
• STAI at baseline [-]
• Fatigue at baseline [yes/no]

Group Comparisons of Further Variables
All other variables will be analyzed by usual parametric
and non-parametric tests for univariate comparisons of
independent samples.

Correlation Analyses
Parametric and non-parametric correlation coefficients will be
calculated to test relationships between the primary endpoints
and other outcome variables.

Regression Analyses
The influence of exercise and exercise test results on overall
survival and disease-free survival will be investigated by cox
regression analyses. Multiple regression analyses will be used
to investigate the influence of baseline characteristics and any
specific findings during the intervention phase on the primary
endpoints in group A.

Two-Sided 95% Confidence Intervals
For selected variables, two-sided 95% confidence intervals will
be calculated.

Type I Error Adjustment
Except for hypotheses testing no adjustment for the type I error
will be made. Therefore – apart from hypotheses testing – the
results of inferential statistics will be descriptive only.

Presentation of the Results (Descriptive
Analysis, Graphs etc.)
Categorical variables will be presented using counts and
percentages. Variables measured on ordinal scales will be
presented using counts and percentages (where appropriate) or
minimum, 25%-percentile, median, 75%-percentile, maximum
and number of patients (where appropriate). Continuous
variables will be presented using minimum, 25%-percentile,
arithmetic mean, median, 75%-percentile, maximum, standard
deviation, and number of patients.

All results will be presented in the form of tables, selected
results additionally in the form of graphs (bar charts, boxplots).

Time-to-event variables will be depicted by Kaplan
Meier plots.

Post-hoc Analyses
Analyses of subgroups and other post-hoc analyses (e.g., further
correlation and regression analyses or analyses of covariance) can
be performed for cause. However, all statistical results will be
only descriptive.

INTERIM ANALYSES

A priori no interim analysis is intended.

RANDOMIZATION

Randomization procedures and randomization lists are deposited
in a sealed envelope. An opening is only allowed after completion
of the entire study (in case of scheduled study termination after
notification of the completion of all data entries and checks by
the biostatistician, in case of premature study termination after
obtaining the permission of the biostatistician).

Single decoding is available for each subject in sealed
envelopes. The envelopes containing information about group
affiliation will be opened by an authorized study team member
at the last possible time (at the earliest after complete
baseline evaluation).

DISCUSSION

The ECCO trial investigates the effects of a personalized home-
based physical activity and supervised HIIT on the prevention
of CRCI in breast cancer patients undergoing neo-/adjuvant
chemotherapy. To the best of our knowledge, it is the first “long-
term” RCT, which includes a comprehensive set of behavioral,
biological, and imaging measurements. As a result, this study
is a unique and promising attempt to learn more about the
underlying mechanisms of CRCI and exercise as a potential
treatment strategy to avoid cognitive side effects. Another
important factor relates to the dose and frequency of the exercise
interventions, and the duration of the program. While the time
of intervention in comparing studies ranges from 3 weeks to 6
months (17) and have been discussed to be too short in their
design related to investigate on cognitive endpoints, the present
study accompanies the targeted patients for a total intervention
period of 12 months.

However, there are some unanswered questions regarding
exercise intervention on preventing CRCI. Previous studies have
shown that HIIT is viable in breast cancer patients (27). A higher-
intensity exercise load may have better effects on cognition
and physiological processes than moderate exercise training
alone (27). This randomized controlled trial, therefore, applies
structured home-based physical activity and a well-structured
supervised weekly HIIT intervention.

Understanding immunological and neurological pathways
that may underpin CRCI is still in its infancy. Physical
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activity appears to affect immunological and neuroprotective
processes (71). Exercise also lowers resting levels of inflammatory
markers in women with breast cancer (72). Despite the
lack of data, this study investigates the promising hypothesis
that inflammatory processes and neurotrophic factors are the
underlying mechanisms that cause cognitive impairment. As
a result, there are still a lot of limitations when it comes
to different exercise modalities (frequency, intensity, type, and
time – FITT) and the potential impacts and modulations of
underlying biomolecular pathways in patients with breast cancer,
for example.

More randomized studies are needed to investigate the link
between exercise and neurocognition, chemotherapy side effects,
cardiopulmonary fitness, emotional status, overall survival, and
the morphological and structural elements involved in CRCI.

In conclusion, this research focuses on the most up-to-
date exercise intervention, HIIT, demonstrated to have the best
results in prior studies (54, 66). Another distinguishing feature
is the 12 months duration of the intervention, which begins
during chemotherapy. As defined by the three subcategories
of the CVLT, the major endpoint can after further analyses be
compared with hippocampus volume measurement, allowing
this study to look at the morphological component, which
others have studied (31, 50, 51). In addition to major goals,
well-structured comprehensive methods are used to characterize
the processes and effects of CRCI in breast cancer patients
with apparent cognitive deficits. The involvement of these
elements in the development and treatment of CRCI may
be linked to structural and morphological changes in the
hippocampal volume, (neuro-) inflammatory blood indicators,
and neurotrophic growth factors.

We examine the underlying physiological mechanisms of
cancer related cognitive impairments and how a well-structured
and precisely defined prescribed training regimen includingHIIT
could help to avoid these effects. These parameters of training are
still unknown in supportive care methods in relation to breast
cancer patients who are undergoing chemotherapy.
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GLOSSARY

ACSM, American College of Sports Medicine
AE, Adverse Event
ANC, Absolute Neutrophil Count
BDI, Beck Depression Inventory
BDNF, Brain-Derived Neurotrophic Factor
BMI, Body Mass Index
CAT, Computerized Adaptive Test
CEA, Carcinoembryonic Antigen
CNS, Central Nervous System
CRA, Clinical Research Associate
CRCI, Cancer Related Cognitive Impairment
CRP, C-Reactive Protein
CVLT, California Verbal Learning Test
BC, Breast Cancer
BIA, Body-Impedanz-Analysis
CT, Computer Tomography
DCR, Data Clarification Request
DFS, Disease Free Survival
ECG, Electrocardiography
ECOG, Eastern Cooperative Oncology Group
performance status
EF, Emotional Functioning
EORTC, European Organization for Research and Treatment
of Cancer
EOS, End of Study
FA, Fatigue
FITT, Frequency, Intensity, Time, and Type
FPI, First Patient In
FU, Follow-Up

HIIT, High Intensity Interval Training
HR, Heart Rate
ICER, Incremental Cost Effectiveness Ratio
IEC, Independent Ethics Committee
IGF-1, Insulin Like Growth Factor 1
IGF, Insulin-like Growth Factor
IL, Interleukin
IL-1RA, Interleukin-1 Receptor Antagonist
Kcal, Kilocalories
LPO, Last Patient Out
MMP, Matrix Metalloproteases
MRI, Magnetic Resonance Imaging
MV, Months Visit
NHS, Nurses Health Study
NYHA, New York Heart Association
OS, Overall Survival
PA, Physical Activity
PF, Physical Functioning
PROs, Patient-Reported Outcomes
RFS, Relapse Free Survival
QALYs, Quality of Adjusted Life Years
QOL, Quality of Life
SAE, Serious Adverse Event
SOP, Standard Operating Procedure
STAI, State-Trait-Anxiety Inventory
TNF-alpha, Tumor Necrosis Factor Alpha
VEGF, Vascular Endothelial Growth Factor
W, Watt
WtHR, Waist to Hip Ratio
WI, Working instruction
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