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Abstract
Cancer-related cognitive dysfunction (CRCD) is found in up to 60% of
patients following tumor therapy and often significantly impairs quality
of life.
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analyzed retrospectively. The patients received web-based cognitive 1 Klinik Reinhardshöhe, Bad

Wildungen, Germanytraining in combination with a behavioral therapy intervention. Thirty-
eight patients were included in the study. In the subjective perception
of the patients, there was a significant improvement in cognitive function
as a result of the combined cognitive therapy. There were also significant
improvements in cognitive screening, particularly in the parameters
alertness and selective attention/response control. In addition, a signi-
ficant correlation was found between subjective perception and alert-
ness as well as between subjective perception and working memory at
the end of therapy. Combined cognitive therapy could improve both
subjectively perceived and objectively measured cognitive function in
the context of inpatient oncological rehabilitation. A randomized study
is necessary and planned.
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Zusammenfassung
Eine krebsbedingte kognitive Dysfunktion (CRCD) tritt bei bis zu 60%
der Patienten nach einer Tumortherapie auf und beeinträchtigt die Le-
bensqualität oft erheblich.
Die Daten von onkologischen Patienten mit CRCD, die im Rahmen der
stationären onkologischen Rehabilitation an einem kombinierten kogni-
tiven Training teilnahmen, wurden retrospektiv analysiert. Die Patienten
erhielten ein webbasiertes kognitives Training in Kombinationmit einer
verhaltenstherapeutischen Intervention. Achtunddreißig Patienten
wurden in die Studie aufgenommen. In der subjektiven Wahrnehmung
der Patienten zeigte sich eine signifikante Verbesserung der kognitiven
Funktion durch die kombinierte kognitive Therapie. Auch beim kognitiven
Screening ergaben sich signifikante Verbesserungen, insbesondere bei
den ParameternWachsamkeit und selektive Aufmerksamkeit/Reaktions-
kontrolle. Darüber hinaus wurde ein signifikanter Zusammenhang zwi-
schen der subjektiven Wahrnehmung und der Aufmerksamkeit sowie
dem Arbeitsgedächtnis am Ende der Therapie festgestellt. Eine kombi-
nierte kognitive Therapie könnte sowohl die subjektiv wahrgenommene
als auch die objektiv gemessene kognitive Funktion im Rahmen der
stationären onkologischenRehabilitation verbessern. Eine randomisierte
Studie ist notwendig und geplant.
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Introduction
Cancer-related cognitive dysfunction (CRCD) is a short-
term, long-term or permanent functional impairment of
attention, memory, processing speed and the ability to
perform complex tasks [1]. Depending on the tumor dis-
ease under investigation, the prevalence of CRCD varies
between 12–68% [2]. According to subjective patient re-
ports, this figure can increase to 80% 6months after the
end of chemotherapy [3]. CRCD after oncological therapy
is described by patients up to 20 years after cancer
treatment [4]. It can therefore hinder activities of daily
living and the resumption of professional activities in the
long term or permanently [5]. Pathophysiologically, CRCD
is most likely a multifactorial process. In addition to the
actual tumor disease, genetic conditions and antitumor
therapy play a significant role. The interaction of these
three components ultimately determines the severity of
the cognitive dysfunction [6]. Drug-based tumor therapy
in particular is associated with inflammatory processes
and secondary changes such as vascular damage, hor-
monal andmetabolic changes [7]. However, a largemulti-
center study with 477 patients with early or locally ad-
vanced breast cancer showed that the administration of
chemotherapy has no significant influence on the devel-
opment of CRCD. On the contrary, symptoms of latent
depression are associated with significantly higher rates
of CRCD [8]. Systematic screening of cognitive disorders
has not yet been established, but can be routinely as-
sessed primarily with the numerical analogue scale (NRS)
and subsequently confirmed with a validated question-
naire such as the FACT-Cog (Functional Assessment of
Cancer Therapy – Cognitive Function), the European Or-
ganization for Research and Treatment of Cancer Quality
of Life Questionnaire (EORTC-QoL30) or the Fragebogen
erlebter Defizite der Aufmerksamkeit (Questionnaire of
Subjectively Experienced Deficits of Attention, FEDA) [9].
Routine neuropsychological test batteries are rarely used
in everyday clinical practice outside of studies, as they
are associated with high personnel and time expenditure
[10]. The International Cognition and Cancer Task Force
(ICCTF) recommends assessing learning, memory, pro-
cessing speed and executive functions [5]. Validated
neuropsychological tests such as the Hopkins Verbal
Learning Test-Revised (HVLT-R), the Trail Making Test
(TMT) and the Attention Load Test (d2 test) are available
for this purpose [11]. The classification into three severity
levels can bemade according to the Common Terminology
Criteria for Adverse Events (CTCAE Version 4.0) of the
National Cancer Institute (NCI). In the last 10 years, re-
search into measures to improve CRCD has led to a large
number of systematic reviews and meta-analyses [12].
Web-based cognitive training, cognitive rehabilitation,
mindfulness techniques and physical activity appear to
be the most effective [13], [14], [15], [16], [17], [18],
[19], [20], [21], [22]. In a systematic review of 19 studies
on cognitive rehabilitation, 13 intervention programs,
either computer-based training or compensatory strategy
training, were evaluated in 1,124 cancer survivors. All

studies reported improvements in at least one self-
reported or objective cognitive measure. In 87% (13/15)
of controlled trials, improvement was seen in objective
measures, particularly memory, executive function and
processing speed. In ten of 16 studies (63%) with longer
follow-up, the effects of the intervention were found to
persist for at least 2months after the intervention. Effect
sizes varied from small to large [23]. Although cognitive
rehabilitation programs are routinely used in other clinical
populations with acquired cognitive impairment, they are
not routinely offered to cancer survivors with CRCD. Fur-
thermore, it is currently only rudimentarily known which
type of treatment intervention provides the greatest be-
nefit. A recent three-arm randomized controlled trial re-
cruited 65 women with breast cancer following adjuvant
chemotherapy. They received either attention process
training (APT), compensatory strategy training (CST) or
observation only. Active interventions included 6-week,
2-hour/week small group sessions. Cognitive performance
was measured using the FACT-COG-PCI subscale, neuro-
psychological testing and a functional impact analysis
(FIA) before and after the intervention and 6 and
12 months later. Although there was a slight decline in
cognitive dysfunction, the difference between the inter-
vention groups and the control group was not significant
[24].
Due to the paucity of data with predominantly negative
results on psychological interventions, we conducted a
retrospective analysis of behavior-oriented cognition
therapy in everyday life (KIA program) in the context of
inpatient oncological rehabilitation. The cognition therapy
was combined with web-based training. The aim of the
study was to determine whether this combined treatment
is tolerated by patients, is feasible in inpatient oncological
rehabilitation and can be expected to be effective.

Materials and methods

Study design and data collection

This is a retrospective longitudinal study that was conduct-
ed during inpatient oncological rehabilitation at Klinik
Reinhardshöhe, Bad Wildungen, Germany. In the period
from July 2020 to April 2023, 38 cancer patients with
CRCD (visual analog scale ≥5) were chronologically in-
cluded. All patients were retrospectively informed by
telephone about the data analysis and written informed
consent was obtained. Patients were excluded if they did
not consent to data analysis, did not receive web-based
training and had difficulties in using the computer,
suffered from a tumor of the central nervous system, had
multiple comorbidities or a psychiatric illness, had re-
ceived whole-brain radiotherapy, or were not sufficiently
proficient in the German language.
As this was a retrospective analysis, no ethics vote is
available. The current version of the Declaration of Hel-
sinki was adhered to.
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Diagnostic assessment

On admission to clinic, patients were asked about the
presence of CRCD using the visual analog scale (VAS)
with a scale of 0–10. From a value of ≥5, a computer-
based screening was carried out using RehaCom® [16].
This was carried out in individual sessions in a separate
room so that the patients were protected from external
disruptive factors, such as increased background noise.
In addition, the patients were given the FEDA for self-
assessment of attention deficits [25]. The diagnostics
were repeated at the end of rehabilitation in order to
measure the therapeutic effect.

Therapeutic intervention

In addition to web-based training (RehaCom®, HASOMED
GmbH, Paul-Ecke-Straße 1, 39114Magdeburg), behavior-
oriented cognitive therapy (KIA program) was used to
treat CRCD. This includes three therapy sessions in inter-
active small groups to impart knowledge about CRCD,
teach different learning types and teach memory tech-
niques in everyday life. In a further group session, the
patients’ individual workplace situations were discussed.
The extent to which stress at work could be reduced and
mental recovery phases could be used when cognitive
performance declineswas discussed together. In addition,
the patients were recommended a daily exercise program
and participation in mindfulness training at least once a
week. The latter included either Qigong, yoga, mindful-
ness-based stress reduction (MBSR), progressivemuscle
relaxation according to Jacobson or a combination of
these.

Data collection and data analysis

Data was collected by reviewing the medical records of
patients who complained of CRCD during their inpatient
oncological rehabilitation and came to occupational
therapy for cognitive training. The patients were informed
about the study, taking into account the inclusion and
exclusion criteria mentioned above. After giving verbal
consent to the study, the patients received a written
consent form and were included in the study after signing
it. The data were analyzed using SPSS Statistics 26 (SPSS
Inc., an IBM Company, Chicago, IL). Non-parametric tests
were used to examine the questions, as the sample was
not large enough to assume a normal distribution. The
Wilcoxon test to measure possible differences between
two dependent samples and the Mann-Whitney U test to
measure possible differences between two independent
samples were used to answer the various questions. In
addition, the Kruskal-Wallis test was used to measure
possible differences between several independent
samples and Spearman’s rank correlation coefficient was
used to assess a potential correlation between two at
least ordinal scaled variables. A significance level of
p≤0.05 was assumed.

Results
A total of 38 patients was included in the study. Themean
age was 53 years (range: 30–60 years) and the mean
length of stay in the clinic was 25 days (range:
18–35 days). A good 2/3 of the patients were women
and came to the clinic as part of a follow-up rehabilitation
program. Almost 90% of the patients still had an existing
job, and 33/38 patients (87%) were unable to work at
the time of admission. The patients were suffering from
either breast cancer or bronchial or colon carcinoma in
the predominantly local or locally advanced tumor stage.
Chemotherapy had been given to 23/38 patients (60%).
With regard to therapy, all patients received web-based
cognitive training, tasks that were completed using paper
pencils and 29/38 patients (76%) also received the KIA
program. While a sports program was used by almost all
patients (97%), mindfulness training was only used by a
smaller number of patients (Table 1).

Subjective perception

The subjective perception of CRCD experienced before
and after therapeutic intervention was compared. The
measurements showed that with regard to the subjective
assessment using the FEDA questionnaire, the average
score had increased overall for all patients at the end of
therapy (72.9 points versus 89.7 points). On average,
the FEDA score was significantly higher with an increase
of 17 points. The subgroups of the FEDA questionnaire
“Distractibility and slowing down of mental processes”,
“Fatigue and slowing down during practical activities”
and “Reduced drive” showed significantly higher values
on average at the end of therapy (p=0.00) (Table 2).

Cognitive screening

The objective test results using cognitive screening in
29 patients also showed a significant improvement
between the beginning and end of therapy. Statistically
relevant changeswere found in the parameters “Alertness
without warning tone” (p=0.025), “Alertness with warning
tone” (p=0.018) and the parameter “Selective attention/
reaction control” (p=0.03). A positive trend was found in
the working memory parameter (p=0.063) (Table 3).

Correlation between subjective
perception and cognitive screening

The subjective information from the FEDA questionnaire
was correlated with the measured values from the
cognitive screening (Table 4). The results show no
statistically significant correlations between the variables
subjective assessment and objective measurement at
the start of rehabilitation.Weak positive correlations were
found between the parameters “Distractibility and slowing
down of mental processes” and “Alertness without
warning tone” (p=0.06). The parameters “Distractibility
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Table 1: Patient characteristics (n=38)
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Table 2: Subjective assessment of cognitive function using the FEDA questionnaire (n=38)

and slowing of mental processes” and “Divided atten-
tion/auditorymodality” as well as “Divided attention/visu-
al modality” were equally weakly correlated with each
other (p=0.06 and p=0.10). The FEDA sum at the begin-
ning of therapy also correlated weakly with the parameter
“Divided attention/auditory modality” (p=0.07).
The measured values at the end of therapy are shown in
Table 5. Statistically significant correlations were found
between the subjective parameter of the FEDA question-
naire “Distractibility and slowing down of mental pro-
cesses” and the objective parameters “Alertness without
warning tone” (p=0.00) and “Alertness with warning tone”
(p=0.03) of the cognitive screening. Similar results were
found between the FEDA final sum and the aforemen-
tioned screening parameters (p=0.01 and p=0.04). The
subgroup “fatigue and slowing down of practical activities”
correlated equally with the parameter “alertness without
warning tone” (p=0.01). The parameter “workingmemory/
memory span” correlated with all parameters of the FEDA
questionnaire (p=0.00, p=0.03 and p=0.01), with the
exception of the parameter “reduction in drive”. There
were no correlations between the parameters selective
attention, divided attention and logical reasoning of the
cognitive screening and the FEDA subjective self-assess-
ment questionnaire.

Discussion
The preliminary data from our pilot study suggest that
the combination of behavioral cognitive therapy in daily
life (KIA program) and web-based cognitive training could
lead to an improvement in general attention and in the
ability to concentrate in terms of selective attention/reac-
tion control in cognitive screening. In addition, a subjec-
tive improvement in cognitive function was demonstrated
using the FEDA questionnaire.
Our results are supported by previously published data.
Von Ah et al. conducted a three-arm, single-blind random-
ized trial of cognitive training in 82 breast cancer patients
who had received an average of 6 years of cancer therapy.
The study treatment included either group sessions for
memory training, web-based cognitive training, or no
training via a waiting list. The authors found that training
memory and processing speed improved objective

cognitive performance. Subjective cognitive function,
mood, anxiety, fatigue, and quality of life were also signi-
ficantly improved in the cognitive training groups [26].
Furthermore, the results of the present study are consis-
tent with those of Kesler et al. They conducted a random-
ized controlled trial to examine the feasibility and efficacy
of a web-based training program in 62 female patients
six years after breast cancer treatment. A total of 41 pa-
tients completed the training program over a period of
12 weeks, while 21 patients were on the waiting list.
Compared to the patients on the waiting list, cognitive
training significantly improved cognitive flexibility and
processing speed, with marginally significant improve-
ments in verbal memory. Self-assessment of cognitive
abilities, including planning, organization, and task mon-
itoring, was also better in the active group than in the
waiting group [13]. In the study group we examined, the
cognitive screening parameters showed an improvement
in attention performance. The reaction speed and the
general information processing speed (IPS) under in-
creased vigilance and concentration (selective attention)
showed overall improvements as a result of the cognitive
training. This is consistent with the data from Kesler et
al. [13], who also found an improved IPS as part of atten-
tion performance.
At the beginning of the therapy conducted by us, no
statistically significant correlations were found between
the objective measurement in the cognitive screening
with RehaCom® and the subjectively experienced CRCD.
At the end of therapy, correlations were found between
some parameters of cognitive screening and subjective
assessment using the FEDA questionnaire. The results
suggest that patients’ assessment of their cognition at
the end of therapy was more realistic than at the begin-
ning, as there may have been a bias between subjective
assessment and objective measurement of cognition at
the beginning of therapy. However, there is no evidence
for this in the literature so far.
In a recently published study by Vardy et al. [24], which
also examined behavioral cognitive therapy, no benefits
in terms of cognitive function were found. 65 cancer
survivors, predominantly with breast cancer, with cognitive
symptoms 6–60 months after adjuvant chemotherapy
were randomized to either an attention training (APT) and
compensatory strategy (CST) or a control group. The active
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Table 3: Objective measurement of cognitive function in cognitive screening (n=29)

interventions consisted of 6-week small-group sessions
lasting 2 hours per week. Cognitive functionwas assessed
before and after the intervention, 6 and 12months later.
The primary outcome measure was the change in cogni-
tive symptoms on the FACT-COG-PCI subscale between
baseline and after the intervention. Secondary outcomes
included objective neuropsychological performance,
functional impact analysis (FIA), and patient-reported

outcomes and associations. Although subjective percep-
tion in the FACT-COG-PCI, clinical neuropsychological T-
scores, and FIA improved over time in all groups, no sig-
nificant differences were found between the two groups
[24].
This is in contrast to the most recent data from Klaver
et al. [27]. A cognitive rehabilitation program that includes
self-management, psychoeducation, fatiguemanagement,
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Table 4: Correlations between the subjective assessment and the objective measurement at the start of therapy (n=29)

Table 5: Correlations between the subjective assessment and the objective measurement at the end of therapy (n=29)
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coping with the consequences of cognitive problems, and
communication strategies (basic program) was compared
to an extended program (basic program plus strategy
training). There was also a control group with a waiting
list. In the three-armed randomized controlled trial,
279 patients with tumors outside the CNS and cognitive
complaints were assigned to either the basic program
(n=93), the extended program (n=93), or the control
group (n=93). Participants completed measurements
before randomization (T0), 12 weeks after randomization
at the end of the program (T1), and 26 weeks after ran-
domization (T2). In all three groups, statistically significant
improvements in goal achievement were observed over
time. Participants in the extended program were found
to achieve their pre-set goals significantly better than the
control group participants, both at short-term (T0–T1)
and long-term (T0–T2) follow-up (p=0.014). Participants
in the basic program did not show significantly better goal
achievement than the control group at either short-term
or long-term follow-up (p=0.92) [27].
In summary, based on our preliminary data and the data
from the literature to date, it can be assumed that the
combination of web-based cognitive training and a beha-
vioral cognitive therapy program could be an effective
treatment for CRCD. However, a randomized controlled
trial is needed to confirm the effectiveness of this form
of therapy. The data collected here as part of the pilot
study will be used to plan such a study.
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