
lable at ScienceDirect

The Breast 53 (2020) 23e32
Contents lists avai
The Breast

journal homepage: www.elsevier .com/brst
A video-game based cognitive training for breast cancer survivors
with cognitive impairment: A prospective randomized pilot trial

Anne Bellens a, b, Ella Roelant c, d, Bernard Sabbe e, Marc Peeters a, b, Peter A. van Dam a, b, *

a Multidisciplinary Oncologic Center Antwerp (MOCA), Antwerp University Hospital, Edegem, B2650, Belgium
b Centre for Oncological Research (CORE), University of Antwerp, Wilrijk, B2610, Belgium
c Clinical Trial Center (CTC), CRC Antwerp, Antwerp University Hospital, University of Antwerp, Edegem, B2650, Belgium
d StatUa, Center for Statistics, University of Antwerp, Antwerp, B2000, Belgium
e Department of Psychiatry, Antwerp University, Wilrijk, Belgium
a r t i c l e i n f o

Article history:
Received 1 April 2020
Received in revised form
29 May 2020
Accepted 5 June 2020
Available online 12 June 2020

Keywords:
Breast cancer
Cognition
Cognitive impairment
Cognitive training
Video gaming
* Corresponding author. Multidisciplinary Oncolog
Antwerp University Hospital, Edegem, B2650, Belgium

E-mail addresses: peter.vandam@telenet.be, p
vandam@uza.be (P.A. van Dam).

https://doi.org/10.1016/j.breast.2020.06.003
0960-9776/© 2020 The Author(s). Published by Elsevie
).
a b s t r a c t

Introduction: We investigated whether a web-based cognitive training video game is an effective
approach to improve cognitive decline in combination with our standard of care for rehabilitation of
breast cancer (BC) patients.
Materials and methods: Self-selected BC patients between 18 and 71 years old complaining of disturbing
cognitive impairment were studied. The patients received access to a web-based internet video game
and online cognitive assessments (Aquasnap, Cambridge, MyCQ™). The early intervention group (n ¼ 23)
had a training program of 6 months of at least three times a week for a minimum of 60 min of game
playing per week at home in addition to standard of care rehabilitation. The delayed intervention
(n ¼ 23) received standard of care for three months, followed by three months of similar MyCQ training.
Outcome measures were the MyCQ (sub)scores and Activity of Daily Life (ADL), mood, subjective
cognition and functional cognitive status measured by classic neuropsychological tests.
Results: At baseline the means for CFQ (a measure of self-reported cognitive failure), anxiety, PSQI and
self-reflectiveness were beyond normal range in both groups. CFQ improved significantly better in the
intervention group (p ¼ 0.029). Combining the evolution over time in the entire population a significant
improvement was seen for overall MyCQ score, level of fear, physical and emotional role limitation, and
health change (all p < 0.05), but self-reflectivess deteriorated (p < 0.05)). Significant differences in the
various MyCQ subtests over time were: improved speed in choice reaction time, visual memory recog-
nition, N back 1 and 2, coding, trail making test B, improved accuracy of N back 1 and 2 (all p < 0.05).
Conclusion: A program of cognitive training improves cognitive functioning over time. “Aquasnap” has a
beneficial effect on the perception of subjective cognitive functioning (CFQ) but the exact role of video
gaming in this process remains uncertain.
© 2020 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
What is already known about this subject.

� up to 75% of breast cancer patients have cognitive decline during
treatment

� cognitive impairment can persist for many years and can have a
profound negative effect on quality of life (QOL) and may impair
occupational, psychological and social functioning
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.
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� cognitive failure is difficult to treat

What does this study add ?

� CFQ (a measure of self-reported cognitive failure) improved
significantly better in the intervention group starting with a
web-based internet video game and online cognitive assess-
ments (Aquasnap, Cambridge, MyCQ™).

� Combining the evolution over time in the entire population a
significant improvement was seen for overall MyCQ score, level
of fear, physical and emotional role limitation, and health
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change (all p < 0.05), but self-reflectiveness deteriorated
(p < 0.05)

� Adherence to cognitive rehabilitation of programs is
disappointing

How might it impact on clinical practice ?

� More attention should be given to cognitive failure as cognitive
training improves cognitive functioning over time

� Computer gaming has a beneficial effect on the perception of
subjective cognitive functioning (CFQ)
1. Introduction

Advances in early detection and treatment of breast cancer (BC)
have greatly improved survival. Many cancer patients and survivors
report cognitive dysfunction, also called cancer or cancer treatment
related cognitive impairment (CRCI). This may be caused by toxicity
of the systemic medication (“chemobrain”), radiotherapy, and
treatment induced menopause, but may also be secondary to stress
and depression after the cancer diagnosis [1,2]. Estimates of the
prevalence of CRCI in this setting varies: approximately 40% of
patients experience CRCI after diagnosis before any treatment, but
up to 75% may have cognitive decline during treatment and up to
60% after completion of therapy [3]. CRCI can persist for months
and sometimes years after treatment [2,4e6]. Although it is often
mild to moderate in nature, CRCI can have a profound negative
effect on quality of life (QOL) and may impair occupational, psy-
chological and social functioning [4]. Medical interventions to treat
CRCI have a poor track record, with respect to therapeutic response
rates and adverse events [7]. It has been shown that web-based
training can have a beneficial effect on cognition in healthy
elderly patients, patients suffering from psychiatric conditions
(such as schizophrenia, unipolar and bipolar depression, anxiety
disorders …) and patients recovering from stroke alongside stan-
dard approach [8]. Recently the first studies emerged using this
technology in cancer patients [9,10].

The rationale is based on the concept of neural plasticity which
implies that active training of brain functions increases neural
connectivity and brain function. Therefore brain training may
prevent cognitive decline or enhance specific cognitive domain
functions. In this pilot study we investigated whether an attractive
web-based cognitive training video game is a feasible approach to
treat cognitive decline in combinationwith our standard of care for
rehabilitation of breast cancer patients (education, physical and
psychological support). The game is dynamic, trains holistically and
adjusts itself to the performance level of the patient. The assess-
ment of cognitive function is performed with an online tool: MYCQ
(My Clinical Cognition) [11].

2. Materials and methods

2.1. Participants

Participants were recruited between 2016 and 2018 in the
Multidisciplinary Breast Clinic of the Antwerp University Hospital
and via the media (radio, newspapers) bringing our study under
attention to the general public. To be eligible for the study partic-
ipants had to 1) have a history of breast cancer 2) have subjective
complaints of cognitive impairment, 3) be in the age group of
18e71 years, 4) have access to the internet, 5) not receive any other
cognitive therapy or online cognitive game playing. Exclusion
criteria were: 1) brain metastasis or brain tumors, 2) severe
neurological disorders impairing brain function (eg previous
stroke, dementia, Parkinson, …) and 3) severe hearing or visual
deficits. A total of 463 patients letters of invitation were sent to our
patient population and 32 patients responded through external
advertising. After a screening interview in the clinic 46 women
were found eligible to participate in the study. Patient character-
istics are given in Table 1. Formal written consent was obtained for
all participants.

2.2. Study design

This is a single center phase-II randomized controlled pilot trial
(RCT) with a crossover of the control group participants after 3
months. Approval for the study was obtained by the local ethical
committee of the Antwerp University hospital (ID:
B300201627683). Women were informed about the study in a
session in the outpatient clinic by the principal investigator (AB).
After a baseline assessment the participants were randomized us-
ing a web based system (Q-minim) in a 1:1 ratio to an intervention
group (n¼ 23) or a waitlist control group (n¼ 23) (Fig. 1). Stratified
randomization was used with stratification according to age (<45
years, 45e65 years, >65 years) and using minimization ensured a
minimal imbalance between treatment groups.

2.2.1. The waitlist control group
Patients received classic supportive care for 3 months and then

started the Aquasnap training for a period of 3 months (n ¼ 23).

2.2.2. The intervention group
Participants in the intervention group (n ¼ 23) started web-

based cognitive training using the Aquasnap videogame (MyCQ,
Med by Mycognition Cambridge, UK) from months 0e3. The video
gaming took place at home on the participants own computer of
choice. The training consisted of game playing for three months: at
least three times a week, for a minimum of 60 min or a total
minimum of 12 h. Both groups had cognitive videogaming from
months 3e6 (Fig. 1 flowchart). All patients included in the study
received a standard base line psychological assessment and support
by a female gynecologist with a special interest and education in
psychosocial support (AB) and a breast nurse.

Patients in both groups had an online cognitive assessment
(MyCQ) every 4 weeks [11]. Duration of this test is approximately
20 min. Total amount of tests is 7 (baseline being T0 and last
evaluation at 6 months being T6). The test at baseline had to be
performed twice in order to get used to online testing. Patients
were assessed at the outpatient clinic by the principal investigator
with a neuro-psychological survey at 3 different time points: at
baseline, after 3 and 6months. The total duration of this assessment
was approximately 1 h: Hospital Anxiety and Depression Scale
(HADS), RAND 36, BCIS (Beck Cognitive Insight Scale), CFQ
(Cognitive Failure Questionnaire) and Pittsburgh Sleep Quality In-
dicator (PSQI). The questionnaires that were chosen are validated
and were offered as a “lime-survey” free of charge in the outpatient
clinic The primary outcome measure was the difference in the
MyCQ™ score before and after the 3-months training program
which is a compound composite score of measures in the following
cognitive domains: executive function/attention, memory, lan-
guage and visual perception/construction. Secondary outcome
measures were: Activity of Daily Life (ADL), mood, subjective
cognition, functional cognitive status measured by the above neu-
ropsychological tests.

2.3. Supervision

During the study period the patients were seen on a 3 monthly
basis by the principal investigator. If they had any problems or



Table 1
Demographics of the patient population according to treatment arm. Means (SD) or n (%) are reported. P-values are for the between group comparison of the considered
variable and the used test is mentioned.

Variable Controls (n ¼ 23) Intervention (n ¼ 23) p-value

Age 52.1 (9.1) 51.5 (8.0) 0.824 (t-test)
Education level Secondary: 6 (26.1%) 6 (26.1%) 1.000 (Chi-square test)

College and university: 17 (73.9%) 17 (73.9%)
Marital status Living alone: 1 (6.7%) 4 (26.7%) 0.442 (Fisher’s exact test)

Living with children: 2 (13.3%) 1 (6.7%)
Spouse and children: 6 (40.0%) 7 (46.7%)
Partner: 6 (40.0%) 3 (20.0%)
(n ¼ 15) (n ¼ 15)

Chemo therapy type
None 3 (13.0%) 8 (34.8%)
AC 1 (4.3%) 0 (0.0%)
TAX þ other 0 (0.0%) 1 (4.3%)
TAX þ HER 4 (17.4%)2 (8.7%) 1 (4.3%)
TAX þ HER þ other 9 (39.1 (4.3%) 0 (0.0%)
TAX þ AC 3 (13.0%) 9 (39.1%)
TAX þ AC þ other 2 (8.7%)
TAX þ AC þ HER 2 (8.7%)
Any chemo therapy (%) 20 (87.0%) 15 (65.2%) 0.084 (Chi-square test)
Endocrine therapy None: 7 (30.4%) 3 (13.0%)

AI: 11 (47.8%) 11 (47.8%)
TAM: 4 (17.4%) 7 (30.4%)
TAM þ AI: 1 (4.3%) 2 (8.7%)

Any endocrine therapy (%) 16 (69.6%) 20 (87.0%) 0.153 (Chi-square test)
smokers (%) 1 (4.3%) 2 (8.7%) 1.000 (Fisher’s exact test)
Alcohol: units per week 0: 4 (17.4%) 7 (30.4%) 0.844 (Fisher’s exact test)

1: 12 (52.2%) 7 (30.4%)
2: 1 (4.3%) 1 (4.3%)
3: 1 (4.3%) 1 (4.3%)
4: 3 (13.0%) 2 (8.7%)
5: 1 (4.3%) 2 (8.7%)
6: 0 (0.0%) 1 (4.3%)
7: 0 (0.0%) 1 (4.3%)
10: 1 (4.3%) 1 (4.3%)

Previous psychological diagnosis (%) 6 (27.3%) (n ¼ 22) 11 (47.8%) (n ¼ 23) 0.155 (Chi-square test)
Using psychotropics (%) 7 (30.4%) 5 (21.7%) 0.502 (Chi-square test)
Tumorstage (T) (%) 0: 0 (0.0%) 1 (4.3%) 0.023 (Fisher’s exact test)

1: 8 (34.8%) 15 (65.2%)
2: 9 (39.1%) 7 (30.4%)
3: 5 (21.7%) 0 (0.0%)
4: 1 (4.3%) 0 (0.0%)

Nodal stage (N) (%) 0: 11 (47.8%) 11 (47.8%) 0.222 (Fisher’s exact test)
1: 8 (34.8%) 12 (52.2%)
2: 2 (8.7%) 0 (0.0%)
3: 2 (8.7%) 0 (0.0%)

Metastatic disease present (%) 3 (13%) 1 (4.3%) 0.608 (Fisher’s exact test)
Menopause (%) 21 (91.3%) 20 (87.0%) 1.000 (Fisher’s exact test)
Time between diagnosis and inclusion (months) 29.0 (33.4) 34.9 (41.1) 0.991 (Mann Whitney test)
Time between end of chemo (except trastuzumab) and inclusion (months) 21.2 (36.9)

(n ¼ 20)
25.3 (30.7)
(n ¼ 15)

0.317 (Mann Whitney test)

TAX: taxanes; AC: antracycline/cyclophosphamide; HER: herceptine; TAM: tamoxifen; AI aromatase inhibitor.
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reflections on the cognitive training program they could contact the
study team by email or telephone.
2.4. Intervention: the aquasnap online training program

AquaSnap (Cambridge, MyCQ™) is a cognitive training video-
game developed to improve cognitive function. It targets the five
cognitive domains (attention, working memory, episodic memory,
executive function and processing speed) and is assessed by MyCQ.
The game consists of fulfilling tasks and assignments as an under-
water photographer (Figure supplement 1 and 2). Initially the dif-
ficulty levels are equal for all patients. Thereafter the program
produces personalized training for every user, calibrating the
amount of the training for each cognitive domain on the MyCQ
individual scores. The higher a player’s score, the more training
tasks they will complete for that domain. Based on the player’s
MyCQ score AquaSnap encourages the player to undertake
repetitive, and increasingly more challenging and complex tasks,
that are embedded in a video game. The different tasks are
designed to train a specific cognitive domain. Each cognitive
domain is mainly trained by a particular loop, and some domains
are trained across different tasks [11].

For each of the tests a measure of latency, i.e. the user’s average
reaction time, and accuracy, i.e. the percentage of correct answers,
is recorded. Then, the system automatically combines these mea-
sures in real-time according to a recipe set thereby producing a
score for each domain in a scale from 1 to 100, setting the mean at
50. In addition to the five domains’ score, an overall MyCQ score is
calculated as an average of the five domains. This provides an
empirical measure of the overall individual cognitive fitness and
discriminates which cognitive domains show greater strengths or
weaknesses, to address a more targeted intervention.

It was recently shown that MyCQ subtests significantly corre-
lated with the Cambridge Neuropsychological Automated Test



Fig. 1. Outline of the study design.
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Battery (CANTAB), one of the most well validated, reliable, and
word-wide professionally adopted tools to assess cognition [11].
This reinforces the assumption, based on experts’ design, that
MyCQ is a clinically valid tool to identify the cognitive constructs,
which it aims to assess. The results of MyCQ have been normalized
by age group based on the large amount of data collected by the
system (almost 6000 assessments completed).

2.5. Neuropsychological testing

Patients were assessed at 3 different time points: at baseline,
after 3 months (short-term effect) and after 6 months (long-term
effect). All assessments were performed at the outpatient clinic by
the principal investigator. The total duration of this assessment was
approximately 1 h. The following tests were used:

The RAND 36 which is the Dutch equivalent of 36-item short-
form (MOS SF-36) and was validated by Van der Zee and Sander-
man [12]. The SF-36 was designed for use in clinical practice and
research, to monitor medical care outcomes. It includes one
multidimensional scale that assesses eight health concepts: 1)
limitations in physical functioning; 2) limitations in social func-
tioning; 3) limitations in usual role activities because of physical
health problems; 4) limitations in usual role activities due to
emotional problems; 5) mental health; 6) bodily pain; 7) general
health perceptions; 8) health change. The closer the scale is to 100,
the better.

The Hospital Anxiety and Depression Scale (HADS) is a self-
assessment scale that has been found to be a reliable instrument for
detecting states of depression and anxiety in the setting of an
hospital medical outpatient clinic. The 14 items are divided into 7
items on anxiety and 7 on depressive mood. The anxiety and
depressive subscales are also valid measures of severity of the
emotional disorder. It detects emotional disorder in patients under
investigation and treatment in medical and surgical departments.
We used the validated Dutch version by Pouwer et al. [13]. Sub-
scales distinguish 3 categories: 0e7 is normal, 8e10 possible anx-
iety or depression disorder, above 11 is indicative of anxiety or
depression disorder.

The Beck Cognitive Insight Scale (BCIS) was developed to
evaluate patients’ self-reflectiveness and their overconfidence in
their interpretations of their experiences. A 15-item self-report
questionnaire was subjected to a principle components analysis,
yielding a 9-item self-reflectiveness subscale and a 6-item self-
certainty subscale. A composite index of the BCIS reflecting cogni-
tive insight was calculated by subtracting the score for the self-
certainty scale from that of the self-reflectiveness scale [14]. A
higher cognitive insight is not always correlated with better psy-
chological functioning and using subscales separately is helpful.
The norm of the subscale of self-reflectiveness is thought to be
above the score of 14. The norm of self-certainty is thought to be
below a score of 12. A good cognitive insight is reflected by a level
above 5 or in some references above 8.

The CFQ or Broadbent Cognitive Failure Questionnaire is a
measure of self-reported failures in perception, memory, andmotor
function. The score is reasonably stable over long periods and thus
far it has not been found to change in persons exposed to life-
stresses. However, it does frequently correlate with the number of
current psychiatric symptoms reported by the same person. Sub-
jects with a high CFQ are vulnerable to stress because self-
attentional processing disrupts coping strategies. We used the
Dutch variant by Ponds et al. to distinguish subgroups: normal
21e43, high score 44e54, very high >54, low score 10e21, very low
<10 [15].

The Pittsburgh Sleep Quality Index (PSQI) is a self-rated
questionnaire which assesses sleep quality and disturbances over
a 1-month time interval. Nineteen individual items generate seven
“component” scores: subjective sleep quality, sleep latency, sleep
duration, habitual sleep efficiency, sleep disturbances, use of
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sleeping medication, and daytime dysfunction. The sum of scores
for these seven components yields one global score. A global PSQI
score can distinguish good and poor sleepers (PSQI> 5) [16].

3. Statistical analysis

Descriptive statistics are reported per treatment group, mean
and standard deviation for the continuous variables and observed
numbers with percentages for the categorical variables. Between
group-comparisons for the variables measured at baseline are done
with a t-test for continuous variables or Chi-square test for cate-
gorical variables (or respectively Mann Whitney test or Fisher’s
exact test as appropriate). As primary outcome analysis a Mann-
Whitney test was performed to compare the change in overall
MyCQ score form the baseline to 3 months between intervention
and control group. To explore whether the intervention had a
different effect on the outcome over time a linear mixed model was
fitted with treatment, time (as a categorical variable with values
baseline, 3 and 6months) and the interaction of treatment and time
as fixed effects and subject as random effect. If the interaction was
not significant a model with only time and groupwas considered to
see if the outcome changed over time. For the MyCQwe considered
the speed and accuracy for each of the 10 subtests, but corrected for
multiple testing using the Holm correction for these 10 tests.
Adjusted analysis where variables measured at baseline were
added to the model (one by one), was considered for the main
outcomes (MyCQ, CFQ and pain).

4. Results

4.1. Participant characteristics

The mean age of the 46 breast cancer patients was 51.8 years
(range 32e71 years). The level of education was secondary school
(26%), college or university (74%), the majority had a partner (73%)
and they were all Kaukasian. Demographic data per treatment arm
are given in Table 1. Only for tumor stage a significant difference
between control and intervention group was noticed (p ¼ 0.023).
Median time since diagnosis was 29 months (range 3e174 months)
in the control arm and 35 months (range 5e180 months) in the
intervention group. At baseline the means for CFQ, anxiety, PSQI
and self-reflectiveness were beyond normal range (Table 1
Supplement).

4.2. Primary outcome analysis

A Mann-Whitney test comparing the change in overall MyCQ
score from baseline to 3 months between intervention and control
group gave a non-significant result (p ¼ 0.539).

4.3. Interaction between time and treatment arm

For each outcome a linear mixed model was fitted with time,
treatment arm and the interaction between time and treatment
arm as fixed effects and subject as random effect. Levels of signif-
icance of the interaction term between time and treatment group
are given in Table 2. Only for CFQ and pain (RAND36) intervention
and control group evolved differently over time (respectively
p ¼ 0.029 and 0.014). In the control group CFQ goes down by 5.6
units on average between month 0 and 3 (95% CI: �10.5, �0.7),
compared to a significantly different decrease (p ¼ 0.006) of 16.1
units (95% CI: �21.6,-10.5) in the intervention group (Fig. 2).
Analyzing patients who have complete baseline and 3 month data,
the interaction between time and treatment group remains sig-
nificant for CFQ (p ¼ 0.008). Initial pain levels at baseline are lower
in the intervention group but at 3 and 6 months pain was compa-
rable between two groups (Fig. 3). Therewas a pain reduction of 5.8
units between 0 and 3 months in the control group (95%
CI: �14.8,3.0) and a significantly different increase (p ¼ 0.003) of
14.9 units in the intervention group (95% CI: 4.9,25.0) at 3 months.
No significant different evolutions over time were found for the
overall MyCQ score (p ¼ 0.588) or individual MyCQ tests after
correction for multiple testing (Table 3).

Adding the variables from Table 1 to the linear mixed model for
the CFQ outcome does not change the estimates and all p-values for
these variables are above 0.05 (also for tumorstage). For the
outcome MyCQ the adjusted analysis doesn’t result in a significant
interaction between time and treatment arm. For the outcome pain
there are some significant factors. Adding a previous history of
psychological diagnosis gives a significant p-value (0.019) but es-
timates of pain between baseline and 3months are similar as in the
model without psychological diagnosis. The same is seen for tumor
stage which is borderline significant (p ¼ 0.068). Adding marital
status (p ¼ 0.646) or time between end of chemo and inclusion
(p ¼ 0.382) results in a non-significant interaction term (p ¼ 0.270
and 0.094 respectively).

4.4. Effect of time

In case of a non-significant interaction between time and
treatment group, a second model was fitted with time and treat-
ment arm as fixed effects thereby combining the effect of both
groups over time. P-values for the time effect are given in Table 4. A
significant improvement was seen for overall MyCQ score, level of
fear, physical and emotional role limitation, and health change (all
p < 0.05), but self-reflectiveness deteriorated (p < 0.05) (Figs. 4 and
5). Table 5 outlines the estimated differences for these parameters
between baseline and 3 or 6 months respectively. In Table 6 p-
values for the time effect for the various MyCQ subtests can be
found, with and without correction for multiple testing.

In Table 7 changes at 3 and 6 months were given for the vari-
ables with a significant evolution over time: choice reaction time,
visual memory recognition, N back 1 and 2,coding, trail making test
B, error percentage N back 1 and 2.

In the intervention group 7 patients played more than 40 min a
week, 10 less than 40 min a week and 6 never played and for the
control group these numbers respectively were 7,8 and 8.

As a considerable amount of patients dropped out before 3
months (primary outcome MyCQ at baseline n ¼ 38, at 3 months
n ¼ 22 and at 6 months n ¼ 13) we did a sensitivity analysis on the
one hand comparing patients with data at 3 months versus patients
with missing data at 3 months (no significant differences were
found) and on the other hand the linearmixedmodels were refitted
for only those patients who had data at baseline and 3months. This
also led to similar conclusions with a highly significant interaction
between time and treatment for CFQ (p ¼ 0.008) and similar esti-
mates for change from baseline to 3 months (�5.5 [-10.1,-0.9]
and �17.2 [-22.6, �11.8] in intervention and control group
respectively).

5. Discussion

Cognitive impairment is a common phenomenon in a variety of
clinical and psychological disorders. It can be detected in 4%e11% of
healthy persons, but cross-sectional studies showed that it is pre-
sent in up to 60% of women after breast cancer treatment [4].
Although a meta-analysis of 17 studies on cognitive function in
breast cancer survivors treated with standard adjuvant chemo-
therapy suggested that the cognitive deficiencies in most patients
are generally limited in magnitude, over the last decade it became



Table 2
P-values of the interaction term between time and treatment from the linear mixed model.

Variable p-value interaction

Overall _MyCQ 0.588
CFQ 0.029
Anxiety 0.245
Depression 0.332
Self reflectiveness 0.776
Self certainty 0.477
BCIS 0.632
PSQI 0.538
Limitations in physical functioning 0.226
Limitations in social functioning 0.196
Limitations in usual role activities because of physical health problems 0.808
limitations in usual role activities due to emotional problems 0.972
Mental health 0.171
Vitality 0.076
Pain 0.014
General health perception 0.584
Health change 0.959

Fig. 2. Mean Cognitive Failure Questionnaire score with 95% CI for the intervention (I)
and control (C) group at time points 0, 3 and 6 months (blue line: normal CFQ levels in
the general population; red line: upper limit demarking elevated from very elevated
cognitive symptoms).

Fig. 3. Mean Pain score with 95% CI for the intervention (I) and control (c) group at
time points 0, 3 and 6 months.
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clear that there is a subgroup of patients which appears to be
particularly vulnerable to experience persisting severe cognitive
changes [17,18]. It has been hypothesized that neurotoxic effects of
the anticancer therapy (eg cytotoxic drugs), hormonal changes,
immune dysregulation, inactivity, co-morbidities and certain
medications (eg. benzodiazepines, corticosteroids) are the most
important causal culprits [1]. However, recent evidence emerged
that the “cognitive reserve” of a patient (determined by genetic
predisposition, acquired coping mechanisms, previous psycholog-
ical trauma) is a crucial factor involved [19]. As perceived cognitive
function is often affected by fatigue, anxiety, pain and depression,
and a practical golden standard test to assess cancer related
cognitive impairment (CRCI) objectively is currently not available,
research in this field is difficult and hampered by the use of com-
plex and subjective questionnaires [1,20]. Therefore studies
attempting to find cost-effective interventions to treat this com-
mon complaint are limited in number and size [21]. Up to now the
effectivity of pharmacologic interventions has been disappointing
with no drugs approved by the Food and Drug Administration
(FDA) for this indication [22]. Several study designs have focused on
cognitive training, cognitive behavioral training or a combination of
both. The results for neuropsychological performance are mixed
but most of these trials demonstrated a reduced cognitive impair-
ment after these interventions [9,23e36]. In a systematic review
assessing 19 studies on cognitive rehabilitation for CRCI including
1124 patients, Fernandes et al. found improvements on at least one
cognitive measure in all of them. Particularly objective improve-
ments in memory were most commonly reported, followed by
executive functions and processing speed [37]. However these
studies have been heterogeneous with various patient selection
criteria, cognitive training programs, statistical reporting and
measured outcomes.

In the present pilot-study we assessed the efficacy of an online
game to improve cognitive and psychosocial functioning in a self-
selected population of breast cancer survivors. These patients
complained of long lasting CRCI, were all Caucasian and mostly



Table 3
Uncorrected and (for multiple testing) corrected p-values for the interaction between time and treatment arm from the linear mixed model.

Mycq subtest Uncorrected p-value Corrected p-value

Latency Simple Reaction Time 0.657 1
Choice Reaction Time 0.910 1
Go No Go reaction time 0.945 1
Visual Memory Recognition 0.012 0.121
Verbal Memory Recognition 0.615 1
N-back 1 0.754 1
N-back 2 0.045 0.405
Coding 0.397 1
Trail making test A 0.690 1
Trail making test B 0.295 1

Accuracy Simple Reaction Time 0.705 1
Choice Reaction Time 0.214 1
Go No Go reaction time 0.302 1
Visual Memory Recognition 0.431 1
Verbal Memory Recognition 0.263 1
N-back 1 0.591 1
N-back 2 0.032 0.321
Coding 0.552 1
Trail making test A (*) 0.255 1
Trail making test B 0.400 1

(*) only 5 non-zero values.

Table 4
P-values for time effect of cognitive and mental health parameters for the entire study population.

Variable
p-value time

Overall _MyCQ <0.001
Anxiety 0.031
Depression 0.266
Self reflectiveness 0.018
Self certainty 0.564
BCIS 0.319
PSQI 0.127
limitations in physical functioning 0.660
limitations in social functioning 0.064
limitations in usual role activities because of physical health problems 0.035
limitations in usual role activities due to emotional problems 0.036
Mental health 0.059
Vitality 0.052
General health perception 0.418
Health change 0.027
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highly educated, and many received adjuvant chemotherapy.
Interestingly the subjective perception of cognitive failure could
not be objectively confirmed in all patients. Such inconsistency is
common in studies on cognition and raises the question whether
current neuropsychological tests are sufficiently sensitive to mea-
sure subtle functional defects [2,5,6,9]. In line with other studies,
levels of anxiety, depression, pain, are high in our study population
(Fig. 4) [9]. A recent paper by Van Dyk et al. (2018) showed that
fatigue, pain and sleep correlated with several cognitive domains
(regardless of treatment exposure) in 189 breast cancer survivors
[2]. The interplay between these complaints is complex and diffi-
cult to entangle, but should be taken into account dealing with
these patients in a holistic way. This can explain why cognitive
rehabiliatation therapy can improve cognitive functioning by
tackling emotional and sleep disorders. We could show that CFQ (a
measure of self-reported failures in perception, memory, andmotor
function) and pain (RAND36) evolved significantly different for the
intervention compared to the control group (respectively p¼ 0.029
and 0.014). The improvement of CFQ was higher in the intervention
group. Initial pain levels at baseline were lower in the intervention
group but at 3 and 6 months pain was comparable between two
groups. We could not detect any other differences between the
psycho-cognitive tests in both treatment arms. The good news is
that we could demonstrate that even after a long time of CRCI
improvement is possible. Combining the evolution over time in the
entire study population a significant amelioration was seen for
overall MyCQ score, level of fear, physical and emotional role lim-
itation, and health change (all p < 0.05). The effect of the cognitive
training, mental training by repeatedly filling in questionnaires,
tender loving care, tackling sleeping disorders, physical rehabili-
tation, psychosocial support and may be some placebo effect
probably explain these results. The role of MyCQ gaming in this
process remains uncertain as the video game training did not have
a significant effect on objective cognitive test results, althoughmost
participants claimed to feel subjectively better as measured by CFQ.
This raises the question whether this effect is also transferable to
other tasks aiming to train cognition, such as filling in cross-word
puzzles or sudokus. So far reliable evidence is lacking that
computerized tests improve the level of general cognitive
functioning.

Another crucial factor involved is spontaneous recovery over
time. In the study of Bray et which included patients 6e60 months
after completing adjuvant chemotherapy no major improvement
was seen after 6 months in the control group receiving only stan-
dard care [9]. However in a large longitudinal cohort study in China
cognitive functions (particularly short-term, attention, executive



Fig. 4. Mean Level of Anxiety score with 95% CI for the intervention (I) and control (C)
group at time points 0, 3 and 6 months (0e7: no -; 8e10: possible -; 11e21: likely
anxiety disorder).

Fig. 5. Mean level of self-reflectiveness score measured by the Beck Cognitive insight
scale with 95% CI for the intervention (I) and control (C) group at time points 0, 3 and 6
months () (normal levels in an average population are above 14).

Table 5
Estimated differences for the different outcomes between baseline and 3 or 6 months fr

Variable C

Overall_MyCQ 1
Anxiety �
Self reflectiveness �
Limitations in usual role activities because of physical health problems 1
Limitations in usual role activities due to emotional problems 2
Health change 1
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function, and long-term memory) significantly improved among
breast cancer survivors between 18 and 36 months after cancer
diagnosis [38]. Breast cancer survivors who received neither
chemotherapy nor tamoxifen showed no significant improvement
in any of the tests, suggesting that their CRCI is mainly endogenous
and not treatment induced. There is reliable evidence that cognitive
deficits (particularly immediate and delayed verbal memory, pro-
cessing speed, executive functioning and psychomotor speed) after
breast cancer treatment can (partially) persist for decades [39,40].
In order to assess the effect of spontaneous improvement of CRCI in
our study, the ideal design would have included a third group of
patients randomly assigned to have minimal support. We regarded
this as un-ethical in our patient population as cognitive impairment
was their major complaint which needed to be addressed. We tried
to solve this issue partially by having a waiting list group which
started training after 3 months.

Adherence to the gaming was disappointing in our project. Six
out of 23 patients in the intervention group and 8/23 in the control
group never played, and the dropout rate was very high. Despite
this we could show that there was a significant correlation between
the intervention and CFQ in the intention to treat analysis and the
analysis of complete date sets. Non-adherence is a common phe-
nomenon in medicine with many patients not following their
physicians advice to take medication, start a diet or change certain
aspects of a life-style [41]. In the largest published randomized
study evaluating a web-based cognitive rehabilitation program in
242 cancer survivors (self-reporting cognitive symptoms after
chemotherapy) 14% of the patients in the intervention group never
started using the program and the average total training time in the
other patients in this group was 25.08 of the recommended 40 h
[9]. Only 33 participants completed the program in the recommend
15 week timeframe [9]. Patient ideas, feelings and expectations
about the proposed treatment and their motivation likely play a key
role in treatment adherence, but recent evidence showed that also
side effects of the medication, morbidity induced by the chronic
disease, depression and socioeconomic background are involved
[41]. This should be considered in the design of future trials but it
remains a challenge to find strategies to improve this.

Our study is the first to assess cognitive insight in patients with
CRCI. Beck cognitive insight scale is a score for self-reflectiveness
minus score for self-certainty (Fig. 5). In an average population
cognitive insight should be higher than 14 [14]. The majority of our
participants demonstrated inadequate cognitive insight: respec-
tively 73.9% (34/46) below 8 and 54.3% (25/46) below 5. This even
became worse by the end of the study: 84.6% (22/26) below 8 and
65.4% (17/26) below 5. Our study population also demonstrated an
abnormal low score on self-reflectiveness at onset and during
training it also went down (Fig. 5). On average a higher self-
reflectiveness in combination with an adequate amount of self-
certainty is necessary to attain appropriate cognitive insight. Low
self-reflectiveness demonstrates ones incapacity to reflect on ones
om the linear mixed model with time and arm.

hange from baseline to 3 months Change from baseline to 6 months

0.07 [6.30,13.87] 14.46 [9.84,19.24]
1.00 [-2.10,0.08] �1.60 [-2.83,-0.42]
0.82 [-2.09,0.43] �2.05 [-3.46,-0.70]
1.61 [-1.53,24.82] 18.91 [4.62,33.46]
0.41 [2.66,38.25] 21.49 [2.37,40.83]
2.82 [-0.53,25.85] 18.75 [4.70,33.07]



Table 6
P-values for time effect of the various MyCQ subtests for the entire study population with and without correction for multiple testing.

MyCQ subtest Uncorrected p-value Corrected p-value

Latency Simple Reaction Time 0.017 0.068
Choice Reaction Time <0.001 0.001
Go No Go reaction time 0.255 0.255
Visual Memory Recognition <0.001 0.001
Verbal Memory Recognition 0.033 0.1
N-back 1 <0.001 <0.001
N-back 2 <0.001 <0.001
Coding 0.003 0.016
Trail making test A 0.106 0.212
Trail making test B <0.001 <0.001

Accuracy Simple Reaction Time 0.298 1
Choice Reaction Time 0.152 0.911
Go No Go reaction time 0.426 1
Visual Memory Recognition 0.025 0.187
Verbal Memory Recognition 0.023 0.187
N-back 1 0.002 0.016
N-back 2 0.002 0.016
Coding 0.490 1
Trail making test A 0.192 0.958
Trail making test B 0.681 1

Table 7
Changes of the MyCQ subtests of the entire population which altered significantly over time.

MyCQ subtest Change between baseline and 3 m Change between baseline and 6 m

Latency Choice Reaction Time �59.44 [-89.04,-29.06] �77.53 [-114.10,-40.21]
Visual Memory recognition �64.56 [-103.05,-27.62] �103.88 [-150.89,-58.06]
N back 1 �223.47 [-292.26,-154.59] �234.88 [-320.09,-150.29]
N back 2 �250.86 [-370.06,-130.35] �405.22 [-552.50,-256.66]
Coding �215.40 [-363.12,-70.80] �283.30 [-461.60,-105.57]
Trail making test B �344.44 [-479.79,-215.37] �391.25 [-554.75,-231.21]

Accuracy N back 1 �5.94 [-9.72,-2.17] �6.90 [-11.57,-2.23]
N back 2 �7.73 [-12.75,-2.67] �10.65 [-17.10,-4.52]
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thoughts and beliefs. This creates new therapeutic challenges and
options since our participants had a normal level of self-certainty
on average, making them susceptible to feedback.

The limitations of this study are sample size, low compliance
and generalizability. The breast cancer survivors included in the
study were selected on their personal perception suffering from
cognitive dysfunction and is likely to be different from breast
cancer survivors in general. Our small sample size limits power to
detect statistically significant associations between the trajectory of
cognitive training, and other psychological outcomes such as
depression and anxiety. Standardized and objective measures of
cognitive functioning would allow for a more better assessment of
various domains of cognitive functioning, and should be imple-
mented in other studies in this area.
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