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Abstract

Background Cancer-related fatigue (CRF) is the most prevalent, distressing, and quality of life disturbing symp-

tom during and after cancer treatment for many cancer types including breast cancer. The experience and burden

of this symptom can induce a cognitive bias towards fatigue or a fatigue-related self-image, which can further
increase the fatigue symptoms and related behaviour. For this, a Cognitive Bias Modification (CBM) eHealth app (IVY)
has been developed. The app aims to counter the fatigue-related self-image and to modify it towards vitality, which
might translate to less experienced fatigue and more experienced vitality. This study aims to evaluate the feasibility

of the IVY CBM training and the research design of a wait-list control trial. If feasibility is judged sufficient, the effective-
ness of the CBM app will also be analyzed on (1) underlying mechanisms (cognitive fatigue bias), (2) symptom fatigue
(self-reported fatigue and vitality), and (3) related behaviours (avoidance and all-or-nothing behaviour).

Methods This feasibility study addresses individuals being treated for breast cancer receiving (neo)adjuvant treat-
ment or metastatic care. The number of target participants is 120 (60 (neo)adjuvant, and 60 metastatic) patients.

Both groups will be randomized with 30 people in the IVY treatment group and 30 people in the delayed treatment
control group. All participants will receive the training via the IVY app, in which participants categorize words related
to vitality with words related tol'and words related to fatigue with words related to ‘other’ If feasibility is judged suf-
ficient, the effects of the training will be explored on 3 levels: (1) self-identity bias, which will be measured with a short
computer task based on the Implicit Association Test (IAT), (2) avoidance and all-or-nothing behaviour, and (3) fatigue
and vitality levels, which will all be measured with questionnaires.

Discussion This study aims to evaluate the feasibility of a larger-scale multi-centre Randomized Controlled Trial (RCT)
to investigate a novel eHealth application and, if possible, to give indications on the effectiveness of this interven-
tion to counter fatigue in individuals with breast cancer. Using the IVY CBM app requires very little effort, both in time
and cognitive load, which could be especially beneficial for fatigue symptoms.

Trial registration Registered at the Open Science Framework (OSF; https://osf.io/e85g7/) on October 20, 2023.
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Background

Introduction

Breast cancer is the most frequently occurring cancer
and the leading cause of death in women worldwide [1].
In the Netherlands, breast cancer is the most prevalent
cancer type with around 14,000 diagnoses per year [2].
Most cases are curative. In this setting, in addition to
primary treatment (most of the time surgery or radio-
therapy), more than 60% of patients are given some form
of neoadjuvant or adjuvant systemic therapy, which are
treatments, such as chemotherapy or hormone therapy,
that are undergone before or after primary treatment to
enhance the chance of treatment success and lessen the
chance of cancer recurrence [3]. When cancer has spread
to different body parts, it has metastasized [4], e.g. meta-
static breast cancer, which for most patients means that
treatment has become palliative [5, 6].

The most reported and distressing symptom during
and after cancer treatment for many patients is cancer-
related fatigue (CRF [7]). More than 50% of people with
breast cancer in the curative setting, as well as in the
metastatic setting, experience fatigue symptoms during
their treatment trajectory [8, 9]. One way to characterize
CRE is ‘a distressing, persistent, subjective sense of physi-
cal, emotional, and/or cognitive tiredness or exhaustion
related to cancer or cancer treatment that is not propor-
tional to recent activity and interferes with functioning’ (
[10], p. 1014). Fatigue can have many consequences: Next
to stress, limitations in daily activities, quality of life,
and labour participation as well as comorbidities such as
depression and anxiety are frequently reported [7, 11].
CREF is a complex, multifactorial symptom that can have
different determinants and clinical expression per indi-
vidual, which are challenging aspects for diagnosis and
treatment [7]. Next to pharmacological interventions,
where mixed effects were found on fatigue, some non-
pharmacological interventions have found beneficial or
promising effects, such as physical exercise, psychosocial
interventions, e.g. cognitive behavioural therapy (CBT),
psychoeducation or self-management programs, and
mind-body programs, e.g. yoga, acupuncture, or mind-
fulness (8, 12, 13].

Most of these interventions focus mainly on reflective
processes targeting fatigue [14], however, in psychol-
ogy, dual-process models (e.g. the Reflective-Impulsive
Model; RIM [15]) are proposed, postulating two inte-
grated systems, one conscious and reflective, one non-
conscious and associative [14, 16]. For instance, habit
forming initially has a strong unconscious component,
which in a later stage might interact with or get changed
by conscious processes [17]. Indeed, responding to CRF
was found to be predominated by bodily sensations
and partly an automatic, habitual, repetitive behaviour
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requiring minimal reflection [17, 18]. Thus, existing
interventions mostly focus on conscious processes to
counter fatigue, but unconscious processes are also found
to play an important role, especially in the early stage of
CRE.

Another way that unconscious processes can influ-
ence fatigue symptoms is cognitive biases. Cognitive
biases are unconscious, ‘quick and dirty’ rules of thumb
used for fast information processing that can be acti-
vated automatically and irrespective of conscious goals
[19, 20]. For example, people who survived breast can-
cer show heightened attention for cancer-related words,
regardless of their self-reported fear of cancer recur-
rence [21]. Furthermore, people with chronic fatigue
syndrome show an interpretational and attentional bias
towards illness-related or health-threatening information
[22]. The adverse effect of a cognitive fatigue bias can be
direct, e.g. due to higher sensitivity to fatigue signals, or
indirect, e.g. fatigue-related behaviour is unconsciously
avoided, resulting in all kinds of self-imposed limitations
and decline in physical fitness [22, 23]. Multiple hypoth-
eses and theories exist on the mechanisms behind the
emergence of cognitive biases, mostly derived from the
pain literature, which is a similarly multifactorial symp-
tom as fatigue [23]. One of these theories is the schema-
enmeshment model [24] that proposes that frequent or
a continuous experience of pain or fatigue can cause an
enmeshment between the schema of that symptom with
schemas of the illness and the self. In this way, fatigue
can become included in one’s self-identity, which could
perpetuate and aggravate affective distress (such as frus-
tration) and fatigue-related behaviour, such as avoidance
[24].

These cognitive biases are the focus in Cognitive Bias
Modification (CBM) interventions. By systematically
practicing an alternative way of processing, CBM aims to
change cognitive biases towards a more positive interpre-
tation [25, 26]. Looking back at the dual-process model,
CBM focuses on the unconscious and automatic side of
processing, which is often overlooked in other interven-
tions. CBM has shown beneficial effects in other symp-
toms such as anxiety, depression, chronic pain, and
addiction [27-29], and it is a relatively simple, little time-
consuming, and low-burden technique, which could be a
particularly important advantage for fatigue symptoms
[30].

Given the importance, frequency, and impact of fatigue
in breast cancer, it seems likely that fatigue biases also
play a role in people with breast cancer. However, to our
knowledge, fatigue bias has not been researched in indi-
viduals with breast cancer before. CBM targeting cogni-
tive biases related to fatigue has not been tested so far
in general. To our knowledge, our research team is the
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first to introduce CBM to counter fatigue symptoms.
We developed the first IVY 1.0 CBM app using a co-
creation approach to meet the wishes and needs of pro-
fessionals and individuals with breast cancer [31]. Next,
following the iterative human-centred design frame-
work [32], our research team has investigated this novel
eHealth application by researching usability with people
with breast cancer (Geerts, Pieterse, Sniehotta, Siemer-
ink, Bode: Cognitive bias modification training (IVY)
to prevent fatigue in people with breast cancer: Pilot
study investigating user acceptance and study design, in
preparation) and chronic kidney disease (Geerts, Bode,
Salemink, Laverman, Waanders, Oosterom, Ten Klooster,
Pieterse: Towards vitality: A longitudinal pilot study
with a cognitive bias modification e-health Intervention
(VitalMe) to reduce fatigue in patients with chronic kid-
ney disease, submitted). Both of these studies evaluated
the application with multiple stakeholders (patients and
health care professionals) and revealed positive results.
Although the usability study with people with breast
cancer only revealed a trend in altering self-identity bias
(Geerts, Pieterse, Sniehotta, Siemerink, Bode: Cogni-
tive bias modification training (IVY) to prevent fatigue
in people with breast cancer: Pilot study investigating
user acceptance and study design, in preparation), a pilot
study with people with chronic kidney disease revealed
strong CBM effects on cognitive bias, and promising
results on symptoms and related behaviour (Geerts,
Bode, Salemink, Laverman, Waanders, Oosterom, Ten
Klooster, Pieterse: Towards vitality: A longitudinal pilot
study with a cognitive bias modification e-health Inter-
vention (VitalMe) to reduce fatigue in patients with
chronic kidney disease, submitted).

The current study aims to take a next step with indi-
viduals with breast cancer by evaluating the feasibility of
researching this CBM training with a larger study. Addi-
tionally, if feasibility is judged sufficient, the effects of the
training on cognitive bias, fatigue, and related behaviour
will be investigated. Patients in both the curative as well
as the palliative setting are selected for this feasibility
study, as these different contexts could have practical
implementations (e.g. number of hospital visits) that can
significantly influence recruitment and retention. There-
fore, it is useful to research the feasibility for both groups.

Objectives

The current feasibility study aims to assess the feasibility
of doing a larger-scale multi-centre Randomized Con-
trolled Trial (RCT) with the IVY CBM training with peo-
ple with breast cancer. Specifically, the research process
will be investigated, such as the recruitment process and
retention of people undergoing cancer treatment, either
in the curative or the metastatic setting. If feasibility is
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judged sufficient to explore the effects of the training in
the current study, the effectiveness of the CBM train-
ing will also be tested on (1) the underlying mechanism
(fatigue self-identity bias), (2) related behaviour (self-
reported avoidance and ‘all-or-nothing’ behaviour),
and (3) the fatigue symptom (self-reported fatigue and
vitality).

Methods

This protocol is written in accordance with the 2013
SPIRIT guidelines (see the SPIRIT checklist in Additional
file 1 and the SPIRIT schedule outlined in Table 1).

Study design

This article describes the protocol of a multi-centre, wait-
list-control feasibility study with the IVY CBM training
to counter fatigue in people with breast cancer in both
the (neo)adjuvant and metastatic setting. This prospec-
tive intervention study will test the research processes
(e.g. recruitment, retention) in both patient groups
and the design feasibility for a future RCT. If feasibility
is judged sufficient in the current study, the effective-
ness of the training on implicit bias and self-reports of
fatigue, vitality, avoidance, and all-or-nothing behaviour
will also be explored. These objectives will be evaluated
with a mixed-methods approach. As this is such a novel
intervention, many other interesting topics and possible
moderators are also incorporated in the design, such as
depressive symptoms, and whether a booster training
after follow-up could have a reinforcing effect. These top-
ics are beyond the scope of this article.

Participating centres

It is intended that five hospitals will be recruiting sites:
Ziekenhuis Groep Twente (ZGT) in Almelo and Hengelo,
Isala in Zwolle, Franciscus in Rotterdam, Gelre in Apel-
doorn, and Saxenburgh in Hardenberg.

Study population

It is intended that each of the participating centres
recruit 30 patients: 15 in the (neo)adjuvant setting and
15 in the metastatic setting, bringing the total to 150
participants. We expect that 120 (60 (neo)adjuvant and
60 metastatic) patients will be included in the study. As
the recruitment rate of the participating centres is also
informative for the feasibility of the study, hospitals are
allowed to recruit more than the intended number of
participants regardless of the number recruited in the
other hospitals. Within each patient group, the research-
ers will randomize patients into the active IVY treatment
group (n=30) and the delayed treatment control group
(n=30).
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Table 1 SPIRIT schedule of enrolment, interventions, and assessments

Enrolment Allocation

Close-out

TIMEPOINT -t; 0

ENROLMENT: X
Eligibility screen X
Informed consent X
Allocation X
INTERVENTIONS:
Active IVY- treatment group
Delayed treatment control group
ASSESSMENTS:
Demographics
Self-identity bias
Fatigue
Vitality
Behaviour (all-or-nothing & avoidance)

tioaseine  waining  ifollowup)  aooster)  Tstrollow-up2)

( 9 P. U Bt

month 7

X X X X X
<X X X X
<X X X X
<X X X X
X X X X

Potential participants will be approached by their
health care providers (HCP) on whether they are inter-
ested in participating in the study. The HCP will give a
general explanation about the study and, if interested,
provides the patient with an information letter (PIF). In
the PIF, patients can find contact details of the researcher
or an independent person (a specialist in a different
department in one of the participating centres) for ques-
tions before deciding to participate. If interested in par-
ticipating, the patient can register via the registration
form that is sent to the researcher. On the registration
form, only a name, phone number, and email address are
asked. After registration, the researcher will contact the
patient. An informed consent form is completed in dupli-
cate if the patient agrees to participate, one of which is
returned to the patient, and the other is archived. The
patient can contact the researcher, the independent per-
son, or the primary practitioner at any time for questions.

Inclusion criteria
- Patients with breast cancer who undergo cura-
tive treatment for breast cancer with (neo)adjuvant
chemo(immuno)therapy and patients who undergo pal-
liative system therapy with chemo(immuno)therapy or
antihormonal treatment in combination with targeted
treatment.

- Adequate speaking- and reading skills in the Dutch
language.

- The patient has access to a smartphone and must be
able to operate it (download, start and run an app).

- The patient has access to a computer with internet
and has experience working with one.

Exclusion criteria
- Patients in the adjuvant setting who undergo immuno-
therapy treatment only.

- Patients in the metastatic setting who are being
treated with an anti-hormonal treatment only.

- Insufficient speaking- and reading skills in the Dutch
language.

- The patient does not have access to a smartphone or
computer and has no experience using a smartphone or
computer.

Sample size

A recent—as yet unpublished—similar study among peo-
ple with chronic kidney disease shows that large effect
sizes are achievable on cognitive bias (d=1.20 for self-
identity bias and d=1.14 for attentional bias (Geerts,
Bode, Salemink, Laverman, Waanders, Oosterom, Ten
Klooster, Pieterse: Towards vitality: A longitudinal pilot
study with a cognitive bias modification e-health Inter-
vention (VitalMe) to reduce fatigue in patients with
chronic kidney disease, submitted) with only 22 par-
ticipants. However, meta-analyses on CBM show incon-
clusive results, from bias reduction effect sizes that are
small in pain studies (d=0.134 [23]) to medium (atten-
tional CBM: g=0.049, interpretational CBM: g=0.058)
in various other clinical samples (anxiety, depression,
eating disorders, substance use [33]). The effects on
symptoms generally are smaller, e.g. a medium effect on
biases (g=0.49), and small effects on anxiety and depres-
sion (g=0.13) were found [34]. Power calculation (based
on repeated measures ANOVA, 3 time levels, alfa=0.05;
beta=0.80) shows that a small effect size (f=0.17) is still
detectable with the sample size (n=60) in our study.
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Intervention

The IVY CBM training is incorporated in the TIIM
app designed by the BMSlab, part of the University of
Twente. The training consists of an eHealth application
in which participants categorize words into 4 categories:
Dutch translations of vitality, fatigue, I, and others. The
categories ‘fatigue’ and ‘other’ are presented at the top of
the screen, while the categories ‘vitality’ and ‘T" are pre-
sented at the bottom of the screen (see Appendix 1). In
the middle of the screen, a total of 120 stimuli related
to the 4 categories are presented randomly and sequen-
tially, such as the Dutch translation of ‘active’ (related to
vitality), ‘exhausted’ (related to fatigue), ‘them’ (related to
other), and ‘mine’ (related to I; see Appendix 2). Partici-
pants categorize the stimuli to their categories by swiping
up (for fatigue and other) or down (for vitality and me) as
quickly as possible. The bottom-top position is chosen in
such a way so that the swipe movement corresponds to
a ‘toward me’ (approach) or ‘away from me’ (avoidance)
principle, which reinforces this association task [31].
Moreover, by having ‘avoid’ words zoom out (become
smaller), and ‘approach’ words zoom in (become larger),
this effect is further enhanced. Categorizing the ‘vitality’
and ‘T stimuli together is thought to reinforce connec-
tions between self-image and vitality and weaken associa-
tions between self-image and fatigue.

A week before the training phase, participants will
receive a link with instructions to download and use the
application. Included in these instructions, participants
receive contact details from the researchers and are
invited to email or call the researchers if they experience
any problems using the application. If the participant is
not registered to the app at the appropriate moment, the
researcher will call to ask why they are not registered yet
and help them register. A Frequently Asked Questions
page is available on the app. If participants experience
difficulties using the IVY CBM app, the researchers will
support them. Participants who are registered to the app
but do not do any training during the first week will be
called to ask why they missed the training sessions and to
help them.

All participants will train 5 days a week with 5-min IVY
sessions for 4 weeks. Every weekday at 8:00 a.m., partici-
pants will receive a digital notification that a new training
is available via the app. Those who have not yet com-
pleted the training will receive a reminder at 7:00 p.m.
that same day. The participants are free to do the train-
ing at a for them convenient time during the day. Addi-
tionally, 3 months after the first training phase, the IVY
treatment group will receive so-called booster sessions
for 4 weeks. During this booster phase, three sessions are
made available each week and participants are asked to
train at least twice a week. On Monday morning, three
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training sessions are made available for that entire week.
On Friday morning, the participants receive a reminder
for these booster training sessions. Participants are again
free to do the training sessions at a for them convenient
moment in the week.

Setting

As can be seen in Table 2 and in the research schedule
that will be provided to participants (Appendix 3), the
two groups both have a baseline, training, and follow-up
phase, while the active treatment group also has a booster
phase. The baseline phase for the active treatment group
contains 4 weeks with 1 measurement every week (of
5-10 min). The baseline phase for the control group
contains the same first 4 weeks added by an additional
8 weeks with measurements every other week. After the
baseline phase (for the active treatment group, this is
after 4 weeks; for the control group, it is after 12 weeks),
all participants follow the 4-week IVY CBM training
phase. A measurement is sent every 2 weeks during this
training phase. Following the training phase, both groups
receive the follow-up phase with weekly measurements
for the first 4 weeks and measurements every other week
for the following 8 weeks. After this follow-up period, the
active treatment group will receive the 4-week booster
phase. During this booster phase, measurements are sent
every 2 weeks. After the booster phase, this group has
a follow-up phase of 4 weeks with measurements every
other week.

A measurement (including the IAT and the question-
naires) takes about 10 min. As this is a relatively small
time investment, the burden on patients remains low
despite the high frequency of sessions. Patients are free
to do the measurement at a for them suitable time during
that week. Specifically, on Monday morning, participants
will receive an email directing them to the measure-
ment. Those who have not yet completed the measure-
ment on Wednesday will receive a reminder. During
the first weeks of the baseline, the participants who do
not respond to the study will be phoned to ask why no
response has yet been registered from them. These pro-
cedures are inspired by a previous study with people
with chronic kidney disease (Geerts, Bode, Salemink,
Laverman, Waanders, Oosterom, Ten Klooster, Pieterse:
Towards vitality: A longitudinal pilot study with a cogni-
tive bias modification e-health Intervention (VitalMe) to
reduce fatigue in patients with chronic kidney disease,
submitted).

Study outcomes

The feasibility of the study will be informed by recruit-
ment and retention rates per participating centre and per
patient group. Recruitment will take place from the end
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Table 2 Schematic overview of the study design

Group Month 1 Month 2 Month 3 Month 4 Month 5 Month 6 Month 7
Active IVY-treatment Baseline IVY training Follow-up Follow-up Follow-up IVY booster Follow-up
Measurements 4 2 4 2 2 2 2
Trainings 20 8

Delayed IVY control Baseline Baseline Baseline IVY training Follow-up Follow-up Follow-up
Measurements 4 2 2 2 4 2 2
Trainings 20

of June 2022 to end of February 2023. At this time, 150
participants are expected to be recruited, of which 120
are expected to be included, which means 15 participants
per month in total, 3 per participating centre. Specifically,
the recruitment and inclusion will be assessed by obtain-
ing percentages of people willing to participate from the
people judged as eligible for the study by the care practi-
tioners. Retention will be assessed with the number and
percentage of people dropping out of the study, as well
as completion rates of the training and measurement ses-
sions. People who drop out will be asked for their rea-
sons to drop out. Moreover, feedback from participants
will be recorded via the open-ended question at the end
of each measurement and by monitoring moments of
contact with the researcher. Furthermore, variability in
demographic data and the outcome measures, such as
the range of given answers and floor and ceiling effects,
will be investigated. Lastly, if the above feasibility assess-
ments are judged as sufficient, analyses of the effective-
ness of the training to counter fatigue on bias, symptoms,
and behaviour will be conducted.

To judge the feasibility to proceed to a full trial, crite-
ria are identified (see Table 3). In the recruitment phase,
a recruitment rate of 80% is already predicted (hospitals
are requested to recruit a total of 150 patients, to arrive at
120 included participants). Secondly, a 20% dropout rate
[35] will be used as the retention criterium, i.e. if more
than 20% of included participants dropout after baseline,
retention strategies should be re-evaluated before con-
tinuing with a full trial. Thirdly, if the feedback from par-
ticipants indicates serious concerns for acceptance, these
should be addressed before continuing with a full trial.
Lastly, if effects can be explored in this study, at least a
medium effect of the intervention (compared to control)
on the CBM mechanism (cognitive bias) is expected. If
smaller or negative effects are found, then the design and
intervention should be re-evaluated before continuing
with a full trial.

Materials
The measurements in this study will be conducted with
the platforms Qualtrics [36] and Inquisit [37]. During

Table 3 Schematic overview of the recruitment, inclusion and
retention feasibility criteria

Feasibility criteria n (%)
Recruitment 150 (100)
Inclusion 120 (80)
Retention 96 (80)°

@ Retention is based on the number of participants included

each measure, using Qualtrics, participants are auto-
matically sent forward to Inquisit where they perform the
Implicit Association Test (IAT [38]) to measure the self-
identity bias. Similar to the training (which was inspired
by the IAT), participants are asked to categorize stimuli
related to the Dutch categories ‘fatigue; ‘vitality, ‘I, and
‘other’ by using the ‘E’ and ‘T keys on the keyboard (see
Appendix 2). The IAT contains seven blocks: five practice
blocks and two measurement blocks. Participants start
with practicing the ‘T" vs. ‘other’ categories (n=20), then
the ‘fatigue’ vs. ‘vitality’ categories (n=20) and then the
combinations ‘I or fatigue’ vs. ‘other or vitality’ (n=20),
after which these combinations are measured (n=40).
Then the categories are switched; where ‘I’ was first on
the left side of the screen (corresponding with the ‘E’
key), now, T is on the right side of the screen (corre-
sponding with the ‘T key). This switch is practiced with T
vs. ‘other’ (n=20) and with the combinations ‘I or vitality’
vs. ‘other or fatigue’ (n=20). Then these combinations
are measured (n=40) as well. By comparing the reaction
times on these two measurement blocks, the D-score can
be calculated, which in this case represents the strength
of a self-identity towards fatigue versus vitality.

After completion of the IAT, participants are auto-
matically sent back to Qualtrics to fill in questionnaires,
which in the first measurement starts with questions
about demographic data such as age, marital status,
and education level. Four Dutch questionnaires are pre-
sented. First, the shortened version of the Cognitive and
Behavioural Responses Questionnaire (CBRSQ [39]) is
used to measure behavioural responses such as avoid-
ance / resting, and all-or-nothing. The avoidance / resting
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subscale contains eight items (e.g. ‘I sleep during the day
to keep my fatigue under control’) and the all-or-nothing
subscale contains five items (e.g. “When it comes to doing
things, I'm an ‘all or nothing’ kind of person’). These
items are answered using a five-points frequency scale
(O=never, 4=always). Scores of the subscales will be
added, and higher scores indicate more frequent avoid-
ance / resting or all-or-nothing behaviour. The scales
have been shown to have acceptable to good internal
consistency with a Cronbach’s alpha of 0.76 for the avoid-
ance / resting subscale and a Cronbach’s alpha of 0.85 for
the all-or-nothing subscale [40].

Second, using the Dutch Vitality measure (Vita-16
[41]), vitality is measured with sixteen items on three
subscales: energy (n=5), e.g. ‘I have enough energy to
fulfil my daily tasks] motivation (n=6), e.g. ‘I make plans
for the future; and resilience (n=5), e.g. ‘I can handle set-
backs! Items are answered using a 7-point Likert scale
(I1=never, 7=always). Answers will be averaged, and
higher scores indicate higher vitality. The scale has excel-
lent reliability with a Cronbach’s Alpha of 0.90 for the full
scale.

Third, participants will fill in the Checklist Individual
Strength (CIS [42]) containing 20 items on 4 subscales
(fatigue severity, activity, concentration, motivation).
Using a 7-point Likert scale (1 =No, incorrect, 7= Yes,
correct), items such as ‘I feel fit’ are answered. Scores
will be added together on a range of 20-140 where
higher scores indicate high fatigue and low motivation,
concentration, and physical activity levels. With a Gut-
man split-half reliability coefficient of 0.92, and a Cron-
bach’s Alpha of 0.90 for the full scale, the reliability of
the CIS is excellent.

Fourth, with the Hospital Anxiety and Depression
Scale (HADS [43]), 7 items of the depression subscale
are used to research possible depressive symptoms.
Four of these items (e.g., ‘I still enjoy things I enjoyed
earlier’) can be answered using a four-points frequency
scale (1=the same as earlier, 4=not at all), and three
items can be answered using another four-point fre-
quency scale (1=not at all, 4=mostly), of which one
is mirrored. Higher scores indicate higher depression
symptoms. With a Cronbach’s alpha of 0.86, the depres-
sion subscale of the HADS has good reliability. Each
measurement will end with an open-ended question
‘Do you have any further comments?” that participants
will be free to answer.

Statistical analysis

The feasibility outcomes recruitment and retention will
be monitored and assessed using Excel. The feasibility
outcome variability will be researched with descriptive
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analyses on SPSS by assessing demographic character-
istics, and the range of scores in each research phase.
Additionally, to research the variability in more detail as
well as potential effects of the training, the data will be
explored visually by presenting the averages on the pri-
mary (self-identity bias) and secondary outcomes (behav-
ioural and clinical outcomes) as time-series graphs, with
the measurement timepoints on the horizontal axis, the
outcome variables on the vertical axis, and phase changes
presented as vertical lines.

If the feasibility is judged sufficient in the current
study, i.e. enough power and no ceiling or floor effects
are detected, the effects of the training will also be inves-
tigated. The design allows for two ways of analyzing the
intervention effect, which has a positive and verifying
influence on the power. First, the effect of the training
will be analyzed using Linear Mixed Models (LMM) by
looking at the control group’s pre- to post-comparisons.
Second, the effect of the training will be analyzed using
LMM by comparing the active and delayed-treatment
groups in the first 3 months of the study (treatment vs
control). In this way, the effect of the training will be ana-
lyzed both with between and within comparisons. LMM
is chosen for the analyses as it can inherently deal with
randomly missing data on the outcome variables as well
as data that have a multilevel nature with measurements
nested in individuals over time [44]. With many missing
data, measurements will be averaged per phase.

Ethical approval

The Committee of Human Research [Commissie
Mensgebonden Onderzoek, CMO] judged this study
to not be applicable to the Medical Research Involving
Human Subjects Act [Wet medisch-wetenschappelijk
onderzoek met mensen, WMO)] and thus redirected us to
local ethical committees (file number: 2021-13261). Sub-
sequently, the study was approved by the ethical commit-
tee of the Faculty Behavioural, Management and Social
Sciences of University of Twente (file number 220004)
and the Advice Committee Local Practicality Scientific
Research [Adviescommissie Lokale Uitvoerbaarheid
Wetenschappelijk Onderzoek, ALU] at Hospital Group
Twente [Ziekenhuisgroep Twente, ZGT] (case number:
ZGT22-09). The data management plan was included in
these applications and can be requested from the first
author if necessary.

Discussion

In this article, the protocol is described of a wait-list
control feasibility study exploring a novel mechanism
to counter CRF in people with breast cancer. As CRF
is an often experienced but complex and undertreated
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symptom, interventions looking at different approaches
to fatigue are useful. Such a different approach is CBM
which focuses on the often-overlooked unconscious
component of fatigue. In the IVY CBM training, offered
as an application to be downloaded on a smartphone,
with simple repetitive tasks, participants are trained to
direct their self-identity to vitality instead of fatigue. In
this study, the feasibility to test IVY in a large-scale RCT
is described. Furthermore, if the feasibility is judged suffi-
cient, the analysis of the effects of the training is planned.

The data collection for this study started in August
2022 and will end at the end of October 2023. Writing
this protocol article was delayed because we first wanted
to analyze the findings in the study conducted with
people with CKD (Geerts, Bode, Salemink, Laverman,
Waanders, Oosterom, Ten Klooster, Pieterse: Towards
vitality: A longitudinal pilot study with a cognitive bias
modification e-health Intervention (VitalMe) to reduce
fatigue in patients with chronic kidney disease, submit-
ted). As the study with patients with CKD similarly inves-
tigates CBM principles targeting fatigue, it was useful to
wait for these findings, both for the sample size calcula-
tions, as well as for more evidence for this mechanism,
before continuing with this article.

Even though it is not common or recommended in
feasibility studies [45], we also aim to analyze the effec-
tiveness of the training. Multiple considerations brought
us to this decision: As recruitment in hospital settings is
recognized as one of the most challenging aspect of med-
ical research [46], we would like to use the gathered data
to the fullest. Additionally, for novel interventions such
as the training investigated in this study, any preliminary
estimates of effectiveness are very valuable and informa-
tive for the decision to continue with a larger trial. This
includes making more informed decisions on the sample
size needed to detect meaningful effects. As described,
we only aim to continue with effect testing when key
feasibility criteria are fulfilled. This, together with the
combination of multiple analyses, in our view, makes the
effect findings more reliable and justified.

This study describes a protocol for a feasibility study
to investigate a novel and innovative intervention coun-
tering fatigue in people with breast cancer. This CBM
intervention focuses on unconscious processes, which
are largely overlooked in current treatment but theo-
rized to be an important facilitator of fatigue. There-
fore, the CBM training could be a good addition to the
already available intervention options targeting fatigue
for people with breast cancer. Previous studies on this
intervention followed the iterative human-centred design
process by developing the application by using co-crea-
tion, researching the usability among two patient groups
(breast cancer and CKD), and by now describing the
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protocol for the next step in the iterative human-centred
design process: a feasibility study to investigate this inter-
vention further with individuals with breast cancer.

Appendix 1
Screenshot of IVY training

Appendix 2
Stimuli used in the IVY training and the IAT measurement:
original Dutch and English translations

Target concepts

Dutch English  Dutch English
N Vitaal Vital Moe Tired
1 Energiek Energetic Uitgeput Exhausted
2 Levenslustig Full of life  Slap Weak
3 Fit Fit Lusteloos  Apathetic
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4 Wakker Awake Traag Slow
5 Actief Active Duf Dull
6 Alert Alert Slaperig Sleepy
7 Krachtig Powerful  Krachteloos Powerless
8 Sterk Strong Vermoeid  Fatigued
9 Snel Quick Futloos Lifeless
10 Vitaal Vital Moe Tired
Attributes

Dutch English  Dutch English
N 1k | Ander Other
1 Zelf Self Hen Them
2 Mijn Mine Ander Other
3 Mij Me Hun Their
4 Ik I Anderen Others
5 Mezelf Myself Jullie You
Appendix 3

Research schedule for participants

Overview research breast cancer related fatigue. Active treatment

group
When What Length
Measurement: 15 min
Training: 5 min
Start Week 0: Information -
1 week before start and sign-up
of the study
Baseline Week 1: Measure- 4 weeks in total
1 x per week ment 1
Week 2: Measure-
ment 2
Week 3: Measure-
ment 3
Week 4: Measure-
ment 4
Training Week 5:IVY Training 4 weeks in total
Each working day sessions in the app

Week 6: IVY Training
sessions in the app +
Measurement 5
Week 7: IVY Training
sessions in the app
Week 8: IVY Training
sessions in the app +
Measurement 6

When

What

Length

Follow-up
1 x per week

Booster
2 x per week

Follow-up 2
1 x per week

Week 9: Measure-
ment 7

Week 10: Measure-
ment 8

Week 11: Measure-
ment 9

Week 12: Measure-
ment 10

Week 13: -

Week 14: Measure-
ment 11

Week 15: -

Week 16: Measure-
ment 12

Week 17: -

Week 18: Measure-
ment 13

Week 19: -

Week 20: Measure-
ment 14

Week 21: IVY Training
sessions in the app
Week 22: VY Training
sessions in the app +
Measurement 15
Week 23: VY Training
sessions in the app
Week 24: VY Training
sessions in the app +
Measurement 16

Week 25: -

Week 26: Measure-
ment 17

Week 27: -

Week 28: Measure-
ment 18

12 weeks in total

4 weeks in total

4 weeks in total

Overview research breast cancer related fatigue. Control group

When What Length
Measurement: 15 min
Training: 5 min

Start Week 0: Information -

1 week and sign-up

before start

of the study

Baseline Week 1: Measurement 1 12 weeks in total

1 x per week Week 2: Measurement 2

Week 3: Measurement 3
Week 4: Measurement 4
Week 5: -

Week 6: Measurement 5
Week 7: -

Week 8: Measurement 6
Week 9: -

Week 10: Measurement 7
Week 11: -

Week 12: Measurement 8
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When

What

Length

Training

Week 13:1VY Training ses-

4 weeks in total

Each working day sions in the app

Week 14: VY Training
sessions in the app +
Measurement 9

Week 15: IVY Training ses-
sions in the app

Week 16: IVY Training
sessions in the app +
Measurement 10

Week 17: Measurement 11 12 weeks in total
Week 18: Measurement 12
Week 19: Measurement 13
Week 20: Measurement 14
Week 21: -

Week 22: Measurement 15
Week 23: -

Week 24: Measurement 16
Week 25: -

Week 26: Measurement 17
Week 27: -

Week 28: Measurement 18

Follow-up
1 x per week

Abbreviations
ALU Advice committee Local Feasibility Scientific Research (Adviescom-
missie Lokale Uitvoerbaarheid Wetenschappelijk Onderzoek)

ANOVA  Analysis of variance

CBM Cognitive bias modification

CBRSQ  Cognitive and Behavioural Responses to Symptoms Questionnaire

CBT Cognitive behavioural therapy

cls Checklist Individual Strength

CKD Chronic kidney disease

CMO Committee Human Research (Commissie Mensgebonden
Onderzoek)

CRF Cancer-related fatigue

HADS Hospital Anxiety and Depression Scale

HCP Health care provider

IAT Implicit Association Test

%% Implicit VitalitY

LMM Linear mixed models

OSF Open Science Framework

PIF Patient information letter

RCT Randomized Controlled Trial

RIM Reflective-impulsive model

TIIM Twente Intervention and Interaction Machine

WMO Medical Research Involving Human Subjects Act (Wet medisch-
wetenschappelijk onderzoek met mensen)

ZGT Hospital group Twente (Ziekenhuisgroep Twente)

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/540814-024-01571-8.

[ Additional file 1: SPIRIT checklist. J

Acknowledgements

The authors would like to thank all caretakers in the collaborating hospitals for
their interest in this study and their help with recruiting patients. The authors
would like to thank the BMSIab of the University of Twente for their contribu-
tion in the design, availability, and maintenance of the software used in the
intervention of this study.

Page 10 of 11

Authors’ contributions

Authors JG, MP, CB, FS, and ES have made substantial contributions to the
conception and design of the work and have drafted or substantially revised
the work. Next to that, ES has made substantial contributions to the acquisi-
tion and recruitment of hospitals and patients, while author JG included the
patients. Authors JG, MP, and CB also have made substantial contributions to
the creation of new software used in the work. Author LL has made substan-
tial contributions to the conception and design of the work by providing the
patient perspective.

Funding

This work was supported by unrestricted grants from Hospital group Twente
[Ziekenhuisgroep Twente, ZGT], Novartis, and the Faculty Behavioural, Man-
agement and Social Sciences of the University of Twente.

Data availability

The datasets generated and/or analysed during the current study are not publicly
available due to privacy restrictions but are available from the corresponding
author on reasonable request. Results will be communicated by informing fund-
ing parties, by publishing to scientific journals, and by presenting at conferences.

Declarations

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Division of Oncology, Department of Internal Medicine, ZGT Hospital,

Almelo, the Netherlands. 2Department of Public Health, Social and Preventive
Medicine, Centre for Preventive Medicine and Digital Health (CPD), Medical
Faculty Mannheim, Heidelberg University, Mannheim, Germany. >Dutch Breast
Cancer Association, [Borstkanker Vereniging Nederland], Utrecht, the Nether-
lands. “Centre for eHealth & Well-Being Research, Section Psychology, Health
and Technology, University of Twente, Enschede, the Netherlands. °NIHR Policy
Research Unit in Behavioural Science, Institute of Population Health Sciences,
Newcastle University, Newcastle, UK.

Received: 27 October 2023 Accepted: 29 October 2024
Published online: 18 December 2024

References

1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram |, Jemal A,
et al. Global cancer statistics 2020: GLOBOCAN estimates of incidence
and mortality worldwide for 36 cancers in 185 countries. CA ACancer J
Clinicians. 2021;71(3):209-49.

2. RIVM. Breast cancer in the Netherlands [Internet]. Bilthoven: RIVM; 2018.
[modified 2018 Nov 2; cited 2023 Oct 6]. Available from: https://www.rivm.
nl/en/breast-cancer-screening-programme/breast-cancer-in-netherlands.

3. City of Hope. Neoadjuvant and adjuvant therapy: What's the differ-
ence? [Internet]. [place unknown]: City of Hope; 2024 [updated 2024
Jan 17; cited 2023 Oct 10]. Available from: https://www.cancercenter.
com/community/blog/2019/01/whats-the-difference-adjuvant-and-
neoadjuvant-therapies.

4. American Cancer Society. What is cancer? [Internet]. Atlanta: American
Cancer Society; 2024. [updated 2024 July 25; cited 2023 Oct 10]. Avail-
able from: https://www.cancer.net/navigating-cancer-care/cancer-
basics/what-metastasis.

5. Mosher CE, DuHamel KN. An examination of distress, sleep, and fatigue
in metastatic breast cancer patients: distress in metastatic breast
cancer patients. Psychooncology. 2012;21(1):100-7.

6. Hiensch AE, Monninkhof EM, Schmidt ME, Zopf EM, Bolam KA, Aaron-
son NK, et al. Design of a multinational randomized controlled trial to
assess the effects of structured and individualized exercise in patients
with metastatic breast cancer on fatigue and quality of life: the EFFECT
study. Trials. 2022;23(1):610.


https://doi.org/10.1186/s40814-024-01571-8
https://doi.org/10.1186/s40814-024-01571-8
https://www.rivm.nl/en/breast-cancer-screening-programme/breast-cancer-in-netherlands
https://www.rivm.nl/en/breast-cancer-screening-programme/breast-cancer-in-netherlands
https://www.cancercenter.com/community/blog/2019/01/whats-the-difference-adjuvant-and-neoadjuvant-therapies
https://www.cancercenter.com/community/blog/2019/01/whats-the-difference-adjuvant-and-neoadjuvant-therapies
https://www.cancercenter.com/community/blog/2019/01/whats-the-difference-adjuvant-and-neoadjuvant-therapies
https://www.cancer.net/navigating-cancer-care/cancer-basics/what-metastasis
https://www.cancer.net/navigating-cancer-care/cancer-basics/what-metastasis

Geerts et al. Pilot and Feasibility Studies (2024) 10:151

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

Hofman M, Ryan JL, Figueroa-Moseley CD, Jean-Pierre P, Morrow

GR. Cancer-related fatigue: the scale of the problem. Oncologist.
2007;12(51):4-10.

Fabi A, Bhargava R, Fatigoni S, Guglielmo M, Horneber M, Roila F, et al.
Cancer-related fatigue: ESMO clinical practice guidelines for diagnosis
and treatment. Ann Oncol. 2020;31(6):713-23.

Aranda S, Schofield P, Weih L, Yates P, Milne D, Faulkner R, et al.
Mapping the quality of life and unmet needs of urban women with
metastatic breast cancer. Eur J Cancer Care. 2005;14(3):211-22.

Berger AM, Mooney K, Alvarez-Perez A, Breitbart WS, Carpenter KM, Cella
D, et al. Cancer-related fatigue, version 2.2015. J Natl Compr Canc Netw.
2015;13(8):1012-39.

. Paalman CH, van Leeuwen FE, Aaronson NK, de Boer AGEM, van de Poll-

Franse L, Oldenburg HSA, et al. Employment and social benefits up to 10
years after breast cancer diagnosis: a population-based study. Br J Cancer.
2016J;114(1):81-7.

Bower JE. Cancer-related fatigue: mechanisms, risk factors, and treat-
ments. Nat Rev Clin Oncol. 2014;11(10):597-609.

Mitchell SA, Hoffman AJ, Clark JC, DeGennaro RM, Poirier P, Robinson

CB, et al. Putting evidence into practice: an update of evidence-based
interventions for cancer-related fatigue during and following treatment.
Clin J Oncol Nurs. 2014;18(s6):38-58.

Sheeran P, Gollwitzer PM, Bargh JA. Nonconscious processes and health.
Health Psychol. 2013;32(5):460-73.

Strack F, Deutsch R. Reflective and impulsive determinants of social
behavior. Pers Soc Psychol Rev. 2004;8(3):220-47.

Houlihan S. Dual-process models of health-related behaviour and cogni-
tion: a review of theory. Public Health. 2018;156:52-9.

Bootsma Tl, Schellekens MPJ, Van Woezik RAM, Slatman J, Van Der Lee
ML. Forming new habits in the face of chronic cancer-related fatigue:

an interpretative phenomenological study. Support Care Cancer.
2021;29(11):6651-9.

Bootsma Tl, Schellekens MPJ, Van Woezik RAM, Van Der Lee ML, Slatman J.
Experiencing and responding to chronic cancer-related fatigue: a meta-
ethnography of qualitative research. Psychooncology. 2020;29(2):241-50.
Wiers CE, Wiers RW. Imaging the neural effects of cognitive bias modifica-
tion training. Neuroimage. 2017;151:81-91.

Schwenk CH. Information, cognitive biases, and commitment to a course
of action. AMR. 1986;11(2):298-310.

Custers JAE, Becker ES, Gielissen MFM, Van Laarhoven HWM, Rinck M,
Prins JB. Selective attention and fear of cancer recurrence in breast cancer
survivors. Ann Behav Med. 2015:49(1):66—73.

Hughes A, Hirsch C, Chalder T, Moss-Morris R. Attentional and interpretive
bias towards illness-related information in chronic fatigue syndrome: a
systematic review. Br J Health Psychol. 2016;21(4):741-63.

Crombez G, Van Ryckeghem DML, Eccleston C, Van Damme S.
Attentional bias to pain-related information: a meta-analysis. Pain.
2013;154(4):497-510.

Pincus T, Morley S. Cognitive-processing bias in chronic pain: a review
and integration. Eur J Pain. 2001;127(5):599-617.

Hertel PT, Mathews A. Cognitive bias modification: past perspec-

tives, current findings, and future applications. Perspect Psychol Sci.
2011,6(6):521-36.

Williams AD, Blackwell SE, Mackenzie A, Holmes EA, Andrews G. Combin-
ing imagination and reason in the treatment of depression: a randomized
controlled trial of internet-based cognitive-bias modification and
internet-CBT for depression. J Consult Clin Psychol. 2013;81(5):793-9.
Mobini S, Reynolds S, Mackintosh B. Clinical implications of cognitive
bias modification for interpretative biases in social anxiety: an integrative
literature review. Cogn Ther Res. 2013;37(1):173-82.

Grafton B, MacLeod C, Rudaizky D, Holmes EA, Salemink E, Fox E, et al.
Confusing procedures with process when appraising the impact of
cognitive bias modification on emotional vulnerability. Br J Psychiatry.
2017;211(5):266-71.

Kakoschke N, Kemps E, Tiggemann M. Approach bias modification
training and consumption: a review of the literature. Addict Behav.
2017,64:21-8.

Bowler JO, Mackintosh B, Dunn BD, Mathews A, Dalgleish T, Hoppitt

L. A comparison of cognitive bias modification for interpretation and
computerized cognitive behavior therapy: effects on anxiety, depression,

Page 11 of 11

attentional control, and interpretive bias. J Consult Clin Psychol.
2012;80(6):1021-33.

31. Wolbers R, Bode C, Siemerink E, Siesling S, Pieterse M. Cognitive bias
modification training to improve implicit vitality in patients with
breast cancer: app design using a cocreation approach. JMIR Form Res.
2021;5(3):18325.

32. Burns C. Human-centred design. In: Van Gemert-Pijnen L, Kelders SM, Kip
H, Sanderman R, editors. eHealth research, theory and development: a
multidisciplinary approach. Routledge; 2018. p. 207-27.

33, Martinelli A, Grall J, Baum C. Attention and interpretation cognitive bias
change: a systematic review and meta-analysis of bias modification
paradigms. Behav Res Ther. 2022;157:104180.

34. Hallion LS, Ruscio AM. A meta-analysis of the effect of cognitive bias
modification on anxiety and depression. Psychol Bull. 2011;137(6):940-58.

35. Wood AM, White IR, Thompson SG. Are missing outcome data adequately
handled? A review of published randomized controlled trials in major
medical journals. Clin Trials. 2004;1(4):368-76.

36. Qualtrics [online survey tool]. Provo: Qualtrics; 2020. Available from:
https://www.qualtrics.com/nl/.

37. Inquisit Web [computer sotware]. Seattle: Millisecond; 2023. Available
from: https://www.millisecond.com/.

38. Greenwald AG, McGhee DE, Schwartz JL. Measuring individual dif-
ferences in implicit cognition: the implicit association test. J Pers Soc
Psychol. 1998;74(6):1464-1480.

39. Ryan EG, Vitoratou S, Goldsmith KA, Chalder T. Psychometric properties
and factor structure of a long and shortened version of the cognitive and
behavioural responses questionnaire. Psychosom Med. 2018;80(2):230-7.

40. Loades ME, Vitoratou S, Rimes KA, Ali S, Chalder T. Psychometric proper-
ties of the Cognitive and Behavioural Responses Questionnaire (CBRQ)
in adolescents with chronic fatigue syndrome. Behav Cogn Psychother.
2020;48(2):160-71.

41. Strijk JE, Wendel-Vos GCW, Picavet HSJ, Hofstetter H, Hildebrandt VH. Wat
is vitaliteit en hoe is het te meten?: Kerndimensies van vitaliteit en de
Nederlandse Vitaliteitsmeter [What is vitality and how to measure it? Core
dimensions of vitality and the Dutch vitality measure]. Tijds gezondheids.
wetenschappen. 2015;93(1):32-40.

42. Vercoulen JHMM, Swanink CMA, Fennis JFM, Galama JMD, Van Der
Meer JWM, Bleijenberg G. Dimensional assessment of chronic fatigue
syndrome. J Psychosom Res. 1994;38(5):383-92.

43. Zigmond AS, Snaith RP. The hospital anxiety and depression scale. Acta
Psychiatr Scand. 1983;67(6):361-70.

44. Twisk JWR. Applied longitudinal data analysis for epidemiology: A practi-
cal guide. 2nd ed. New York: Cambridge University Press; 2013.

45. Sim J. Should treatment effects be estimated in pilot and feasibility stud-
ies? Pilot Feasibility Stud. 2019;5:107.

46. Fitzer K, Haeuslschmid R, Blasini R, Altun FB, Hampf C, Freiesleben
S, et al. Patient recruitment system for clinical trials: mixed methods
study about requirements at ten university hospitals. JMIR Med Inform.
2022;10(4):e28696.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://www.qualtrics.com/nl/
https://www.millisecond.com/

	A protocol for a feasibility study of Cognitive Bias Modification training (IVY) countering fatigue in people with breast cancer
	Abstract 
	Background 
	Methods 
	Discussion 
	Trial registration 

	Background
	Introduction
	Objectives

	Methods
	Study design
	Participating centres
	Study population
	Inclusion criteria
	Exclusion criteria
	Sample size

	Intervention
	Setting
	Study outcomes
	Materials
	Statistical analysis
	Ethical approval

	Discussion
	Appendix 1
	Screenshot of IVY training

	Appendix 2
	Stimuli used in the IVY training and the IAT measurement: original Dutch and English translations

	Appendix 3
	Research schedule for participants

	Acknowledgements
	References


