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ARTICLE INFO ABSTRACT

Keywords:
Breast cancer

Purpose: This study investigated self-reported clinically relevant cognitive impairment of breast cancer patients in
routine clinical care and assessed factors associated with new-onset clinically relevant cognitive impairment.
Methods: Cognitive functioning was assessed before start of any treatment (TO) and at 6 (T6) and 12 (T12)
months after diagnosis. Cognitive functioning (CF) was measured on a scale of 0-100 with the EORTC QLQ-C30
questionnaire, and the EORTC pre-defined threshold for clinical importance. Multivariable logistic regression
analyses was used to identify factors associated with new-onset clinically relevant cognitive impairment at T6
((CF > 75 at TO and CF < 75 at T6 and T12) or (CF > 75 at TO and T6 and <75 at T12)).

Results: Pre-treatment, 21% of patients reported clinically relevant cognitive impairment. At T12, percentage was
32%; 20% of patients reported new-onset clinically relevant cognitive impairment at T6 and/or T12. New-onset
clinically relevant cognitive impairment was associated with chemo(immuno)therapy and impairment in role
and emotional functioning. Younger patients and patients receiving chemo(immuno)therapy were more likely to
report new-onset clinically relevant cognitive impairment post treatment.

Conclusion: One in five breast cancer patients reported clinically relevant cognitive problems before start of
treatment. This percentage further increased within the first year, particularly among patients treated with
chemo(immuno)therapy. One in five patients reported new-onset clinically relevant cognitive impairment. Ul-
timately, these patients may benefit from systematic monitoring and potential referral to interventions.

Patient reported outcome
Cognitive functioning
Cognitive impairment
Self-reported

1. Introduction

Breast cancer is one of the most frequently diagnosed primary cancer
types in women (Bray et al., 2018). Due to advancements in diagnosis
and treatment have significantly enhanced breast cancer survival rates,
an increasing number of women are dealing with the consequences of
breast cancer and its treatments, long after the initial diagnosis (Bodai
and Tuso, 2015). Among breast cancer survivors, cognitive impairment
is rated as one of the most bothersome symptoms and associated poor
Health-Related Quality of Life (HRQoL) (Bolton and Isaacs, 2018;
Henderson et al., 2019; Jim et al., 2012). Cognitive impairment

encompasses various problems, including memory decline, reduced
processing speed, compromised concentration, or executive functioning,
with a higher incidence in survivors compared to controls (Dijkshoorn
et al., 2021; Bernstein et al., 2017; Ahles et al., 2002; de Ruiter et al.,
2011; Yamada et al., 2010; Collins et al., 2013; Ando-Tanabe et al.,
2014; van Dam et al., 1998; Wefel and Schagen, 2012). Given the strong
impact of cognitive impairment on HRQoL, understanding the effect of
breast cancer treatments is highly clinically relevant (Meattini et al.,
2017).

The inclusion of self-reported cognitive impairment through vali-
dated Patient Reported Outcome Measurement (PROMs) enables a
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patient-centric approach, facilitating early detection. PROMs are vali-
dated questionnaires drawing directly from patients’ perspective of their
health status. PROMs can serve as systematic instruments for elevating
awareness of patients’ cognitive concerns, facilitating discussion during
clinical interactions, and, crucially, early detection of self-reported
cognitive impairment (Graupner et al., 2021). The latter aspect holds
promise for identifying individuals in need of further objective cognitive
testing through neuropsychological assessments, in order to implement
tailored supportive care. Initial supportive care may range from offering
information on symptoms for those with mild cognitive impairment to
implementing cognitive rehabilitation programs for patients facing
more severe cognitive challenges (Lim et al., 2022; Klaver et al., 2020;
Bray et al., 2017; Damholdt et al., 2016).

Previous studies have indicated a significant increase in self-reported
cognitive impairment within the first year after treatment, especially
among patients receiving chemotherapy (Lange et al., 2023; Oliveira
et al., 2022; Cheung et al., 2012; Grusdat et al., 2022). However, these
findings often arise from controlled settings, limiting inclusivity of the
broad population of breast cancer patients with self —reported cognitive
impairment. Furthermore, prior studies often did not report the clinical
relevance of the complaints, hindering the translation of results to real
world daily care. Furthermore, identifying patients at risk of developing
cognitive complaints remain an unaddressed gap. To be useful in clinical
care, particularly in the context of introducing timely guidance and
potentially interventions, it is imperative to proactively identify at-risk
patients for clinically relevant cognitive impairment and take mea-
sures to either prevent or mitigate cognitive challenges.

Therefore, this study focused on women with breast cancer in routine
clinical care with three aims: (1) to describe the prevalence of clinically
relevant cognitive impairment in the first year after diagnosis (2) to
identify patients with new-onset clinically relevant cognitive impair-
ment; and (3) to assess factors associated with new-onset clinically
relevant cognitive impairment six months after diagnosis.

2. Methods
2.1. Study participants

In this prospective, observational cohort study, we assessed self-
reported cognitive functioning of breast cancer patients in routine
clinical care at the Academic Breast Cancer Center of Erasmus University
Medical Center (EMC) in Rotterdam and the Antoni van Leeuwenhoek
hospital (AVL) in Amsterdam, (for EMC between October 2015 and May
2023, for AVL between July 2020 and August 2023). Furthermore, pa-
tients were included if they completed PROM questionnaires before start
of any treatment (T0), 6 months after diagnosis (T6), and 12 months
after diagnosis (T12). Patients were excluded if they did not give
informed consent for the use of their data for scientific purpose.

2.2. Data collection

Patient data from the EMC were obtained from an institution-specific
online collection tool for PROMs used in routine clinical care between
October 2015 and May 2023. The data included demographic and
disease-specific information. Patient data from the AVL hospital were
obtained through PROMs sent to the patients via an institution-specific
patient portal. This was part of an institution-wide PROMs imple-
mentation project that started in July 2020. The following demographic
and disease-specific variables were of interest and collected: age, type of
surgery (breast conserving surgery (BCS), mastectomy without recon-
struction or mastectomy with reconstruction) and type of systemic
treatment (no systemic treatment, endocrine therapy, chemo(immuno)
therapy and/or radiotherapy on the breast). Radiotherapy on the breast
is an integral component of BCS and the variable specifying radio-
therapy as part of the type of systemic treatment indicated the additional
percentage of mastectomy patients who underwent radiotherapy on
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their breast. The data from the EMC and AVL did not contain informa-
tion on whether patients underwent surgery or radiotherapy on their
axillary region, and this information is unknown. The same applies to
tumor stage, which was also not included in the data collection.

Analyses included PROMs measured at TO (at diagnosis) and at T6
and T12 (6 months and 1 year after diagnosis). Daily care data were
collected including periodically assessment of the HRQoL of patients
with breast cancer. This was approved by the Medical Ethics Review
Committee of the EMC (MEC-2018-1015) and the Internal Review Board
of the AVL (IRBd22-025). Informed consent from participants for storing
and using information for research purposes was obtained as part of
routine care protocol. The study was performed in line with the prin-
ciples of the Declaration of Helsinki.

2.3. EORTC QLQ-C30 questionnaire

Self-reported cognitive functioning was assessed with the validated
European Organization for Research and Treatment of Cancer Quality of
Life Questionnaire C30 (EORTC QLQ-C30). The EORTC QLQ-C30 is a
30-item questionnaire applicable for cancer patients in general. The
EORTC QLQ-C30 contains a cognitive functioning scale that includes
two items regarding memory and concentration: 1) ‘Have you had dif-
ficulty in concentrating on things, like reading a newspaper or watching
television; 2) ‘Have you had difficulty remembering things?‘). Symp-
toms over the past week were scored in a range from 1 (not at all) to 4
(very much). The cognitive functioning scale correlates significantly
with other dedicated questionnaires for self-reported cognitive com-
plaints (Valentine et al., 2019; Cheung et al., 2014). Following EORTC
scoring guidelines, all raw scores were linearly transformed and scored
from 0 to 100 (Aaronson et al., 1993). A higher score on the cognitive,
role and emotional functioning scale indicates better cognitive func-
tioning and therefore better HRQoL, whereas a higher score on the fa-
tigue domain indicates more symptoms of fatigue and therefore worse
HRQoL (Aaronson et al., 1993). The threshold for clinically relevant
cognitive impairment has been established on a cognitive functioning
score of <75 and was used in this study for assessing prevalence of
clinically relevant cognitive impairment within the first year after breast
cancer diagnosis and identifying patients at risk (Giesinger et al., 2020).
When a patient scores below the threshold of 75, it is defined as clini-
cally relevant cognitive impairment. The threshold has been developed
for absolute scores and clinical importance is based on three anchor
items: limitations in daily life, the need for help/care and concerns of
both the patient and their partner/family about cognitive functioning.
The threshold facilitates the categorization of patients based on whether
they exhibit clinically relevant cognitive impairment or not.

2.4. Statistical analyses

First, a non-responder analysis was conducted. Differences in clinical
characteristics between patients who completed the questionnaire at all
three time points (i.e. responders) and those who had a missing ques-
tionnaire at T6 or T12 (i.e. early drop-outs) were tested through inde-
pendent samples t-tests. The significance level was set at P < 0.05.

To identify patients with new-onset clinically relevant cognitive
impairment over 12 months, we classified patients by their cognitive
functioning scores to predefined groups to examine longitudinal pat-
terns of cognitive impairment. Four different groups were specified; no
clinically relevant cognitive impairment over time, new-onset clinically
relevant cognitive impairment ((CF > 75 at TO and CF < 75 at T6 and
T12) or (CF > 75 at TO and T6 and <75 at T12)), persistent clinically
relevant cognitive impairment (CF < 75 at TO, T6 and T12) and other.
We summarized baseline sociodemographic, clinical, and psychological
characteristics of participants per group. Independent sample t-tests and
Pearson’s chi-square tests were carried out to compare characteristics of
patients with new-onset clinically relevant cognitive impairment with
those without clinically relevant cognitive impairment.
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To investigate factors associated with new-onset clinically relevant
cognitive impairment, logistic regression analyses were conducted at T6,
as this was seen as the most clinically valuable moment for early iden-
tification of patients at risk.

Initially, the model incorporated treatment-related variables such as
type of surgery and type of systemic treatment. Subsequently, domains
from the EORTC QLQ-C30 questionnaire, including cognitive func-
tioning, role functioning, emotional functioning and fatigue, were also
included in the model. These domains were pre-selected, based on
previous research indicating that these domains can be associated with
clinically relevant cognitive impairment (Hjermstad et al., 1998;
Bolekova and Chlebcova, 2023; Yin et al., 2023; Meattini et al., 2017).
Statistical analyses were performed using SPSS version 25 (version
29.0.0.0, IBM).

3. Results
3.1. Study population
A total of 845 patients completed the EORTC QLQ-C30 questionnaire

at TO, of which 503 patients (60%) completed the questionnaire at all
three time points.

3.2. Demographic variables

Patients had a mean age of 54.0 years (Standard Deviation (SD) =
13.5, (Table 1). The majority of patients underwent BCS (n = 233, 46%).
Moreover, patients were most often treated with adjuvant endocrine
therapy (n = 260, 52%) and radiotherapy (n = 267, 53%).

3.3. Early dropout analyses

Patients who dropped out early significantly more often underwent
mastectomy with reconstruction (P < 0.001) and less often no systemic
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therapy (P = 0.002, Table 2) compared to patients who completed
questionnaires at all three time points. Furthermore, patients who
dropped out more often received chemo(immune)therapy, however this
was not significantly different. No statistical differences were observed
between early dropouts and full responders for age and cognitive
functioning at TO.

3.4. Prevalence of clinically relevant cognitive impairment

Clinically relevant cognitive impairment at TO was reported in 21%
of patients, compared to 38% at T6 and 32% at T12 (Fig. 1).

3.5. Identification of patients with new-onset cognitive impairment

About half of the patients reported no cognitive impairment at any
time point (Fig. 2). The other half of the patients reported cognitive
impairment, with a 20% reporting new-onset cognitive impairment at
either T6 and/or T12. Patients with new-onset cognitive impairment
were significantly younger (P = 0.004) and more frequently received
systemic treatment (P = 0.001), in particular chemo(immuno)therapy
(P < 0.001), compared to patients without self-reported cognitive im-
pairments (Table 3).

3.6. Associated factors with new-onset cognitive impairment at T6

Treatment with chemo(immuno)therapy was significantly associated
with new-onset clinically relevant cognitive impairment at T6 (Odds
Ratio (OR) = 2.308, 95% Confidence Interval (CI) = 1.231-4.326, P =
0.009, Table 4).

Upon incorporating HRQoL variables into the model, chemo
(immuno)therapy remained significantly associated with new-onset
clinically relevant cognitive impairment, but was moderated with
impairment in role functioning (OR = 2.914, 95% CI = 1.283-6.619, P
= 0.011) and emotional functioning (OR = 2.353, 95% CI =
1.259-4.399, P = 0.007, Table 4).

Table 2
Analyses of patients who completed their questionnaire only at TO.
Responders (n = Early drop-out P-value
503) (n = 342)
Mean (SD) or N Mean (SD) or N
(%) (%)
Age (years) 54.0 (13.5) 52.5(12.6) 0.185
Type of surgery <0.001"
BCS 233 (46) 118 (35)
Mastectomy without 177 (35) 118 (35)
reconstruction
Mastectomy with 93 (19) 106 (31)
reconstruction
Type of systemic treatment
No 146 (29) 34 (9.9) 0.002°
Endocrine therapy 260 (52) 202 (59) 0.114
Chemo(immuno)therapy 124 (25) 160 (47) 0.759
Radiotherapy on the breast 267 (53) 114 (33) 0.529
Cognitive functioning at TO
For complete population 87.3 (16.5) 85.9 (19.1) 0.075
Clinically relevant 107 (21) 51 (15) 0.343

impaired

Table 1
Characteristics of patients who completed their questionnaire at TO, T6 and T12.
N =503
Mean (SD),N (%)
Age (years) 54.0 (13.5)
Type of surgery
BCS 233 (46)
Mastectomy without reconstruction 177 (35)
Mastectomy with reconstruction 93 (19)
Type of systemic treatment
No 146 (29)
Endocrine therapy 260 (52)
Chemo(immuno)therapy 124 (25)
Radiotherapy on the breast 267 (53)
Cognitive functioning
TO 87.3 (16.5)
Té6 79.4 (23.6)
T12 81.4 (21.9)
Role functioning
TO 84.1 (23.8)
T6 75.2 (26.9)
T12 80.0 (25.2)
Emotional functioning
TO 74.4 (20.9)
Té6 77.9 (22.6)
T12 81.1 (21.1)
Fatigue
TO 22.8 (21.1)
T6 31.7 (24.3)
T12 26.1 (22.3)

TO: Baseline, T6: 6 months follow-up, T12: 12 months follow-up, N: number,
BCS: Breast conservative surgery.

Clinically relevant cognitive impairment was defined as a score of <75, based on
the cognitive functioning domain of the EORTC QLQ-C30 questionnaire.
TO: Baseline, T6: 6 months follow-up, T12: 12 months follow-up, IQR: Inter-
quartile range, SD: Standard Deviation, N: number, BCS: Breast conservative
surgery.

# P-value<0.05 is statistically significant.
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50%

40% 38%

30% 329%

20%
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Percentage of patients with clinical
relevant cognitive impairment
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Fig. 1. Percentage of patients that report clinically relevant impaired cognitive
functioning, for patients who completed questionnaires at TO, T6 and T12.
Clinically relevant cognitive impairment was defined as a score of <75, based
on the cognitive functioning domain of the EORTC QLQ-C30 questionnaire.
TO: Baseline, T6: 6 months follow-up, T12: 12 months follow-up, N: number.

4. Discussion
Based on self-reported cognitive functioning measured as part of

regular clinical care, this study shows that a significant percentage of
breast cancer patients reported clinically relevant cognitive impairment

100
90

80
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before start of treatment. The percentage of patients reporting this
clinically relevant cognitive impairment increased further after starting
their treatment, ranging from 32% to 38%. Our results extend the
findings of two recent studies, which demonstrated that 29-33% of
patients had cognitive impairment in the first year following diagnosis
(Bolekova and Chlebcova, 2023; Lange et al., 2023).

Within the course of clinically relevant cognitive impairment, three
main groups can be identified: 1) patients who never report to have
clinically relevant cognitive impairment (no cognitive impairment), 2)
patients who report clinically relevant cognitive impairment at the time
of diagnosis and persist with these impairment throughout the course of
their disease (always cognitive impairment) and 3) patients who initially
reported no clinically relevant cognitive impairment at diagnosis, but
develop these impairments after start of their treatment (new-onset
cognitive impairment). The patients with new-onset clinically relevant
cognitive impairment were significantly younger compared to patients
without clinically relevant cognitive impairment. The complexity of
balancing family life, care for children, work and social engagements
may explain this finding. Moreover, patients with new-onset clinically
relevant cognitive impairment were more likely to have undergone
systemic therapy and in particular chemo(immuno)therapy compared to
patients without clinically relevant cognitive impairment, which is
consistent with previous research linking these treatments to cognitive
impairment (Lange et al., 2023; Oliveira et al., 2022; Cheung et al.,
2012; Grusdat et al., 2022). Chemo(immuno)therapy can be linked to
alterations in brain structure and function, metabolic and/or network

70 &

60

50

MEAN SCORES

40

30

20

10

T0

No cognitive impairment

New-onset cognitive impairment == Always cognitive impairment

T6 T12

Other

N=503 CFatTO CFatTé CFatT12

% (N) Mean (SD) | Mean (SD) | Mean (SD)
No cognitive impairment 43 (214) 93.6(11.2) | 91.6(14.5) | 93.0(13.7)
New-onset cognitive impairment 20 (100) 92.3(8.3) 69.2 (25.5) | 58.0(14.3)
Always cognitive impairment 17 (84) 70.2 (20.6) | 70.0(31.7) | 73.6(29.4)
Other 21 (105) 75.2(19.1) | 71.6(17.1) | 86.2(13.0)

Fig. 2. Cognitive functioning (CF) patterns at 3 time points: TO (before start of treatment), T6 (6 months follow-up) and T12 (12 months follow-up). Mean cognitive
functioning scores are based on the EORTC QLQ-C30. Clinically relevant cognitive impairment was defined as a score of <75 (dashed line).
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Table 3
Patient characteristics by cogntive pattern.
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No cognitive New-onset cognitive Always cognitive Other Difference in no cognitive impairment vs.
impairment impairment impairment new-onset
Age, mean (SD) 57.3(13.8) 52.6 (12.3) 52.3 (11.7) 48.8 0.004*
(13.3)
Type of surgery, % (No.) 0.527
BCS 56 (120) 50 (50) 21 (18) 43 (45)
Mastectomy without 27 (58) 33 (33) 56 (47) 37 (39)
reconstruction
Mastectomy with 17 (36) 17 (17) 23 (19) 20 (21)
reconstruction
Type of systemic treatment, % (No.)
No 35 (75) 17 (17) 21 (18) 34 (36) 0.001*
Endocrine therapy 55 (117) 60 (60) 51 (42) 39 (41) 0.395
Chemo(immuno)therapy 16 (34) 38 (38) 30 (25) 26 (27) <0.001*
Radiotherapy on the breast 61 (131) 57 (57) 54 (45) 49 (51) 0.709
Clinically relevant impairment at T0, % (No.)
Emotional functioning 27 (57) 37 (37) 43 (36) 49 (51) 0.066
Role functioning 6.5 (14) 13 (13) 21 (18) 16 (17) 0.082
Fatigue 12 (25) 16 (16) 23 (19) 25 (26) 0.369

TO: Baseline, No.: number, SD: Standard Deviation, BCS: Breast conservative surgery.
" P-value<0.05 is statistically significant. Clinically relevant cognitive impairment was defined as a score of <75, based on the cognitive functioning domain of the

EORTC QLQ-C30 questionnaire.

Table 4
Multivariable logistic regression for new-onset cognitive impairment at T6, for patients who completed their questionnaires at TO, T6 and T12.
N = 297 N =297
R*: 0.086 R% 0.205
OR 95% CI P-value OR 95% CI P-value
Age (years) 0.980 0.960-1.001 0.059 0.979 0.957-1.000 0.053
Type of surgery
BCS RF RF RF RF RF RF
Mastectomy without reconstruction 1.038 0.560-1.923 0.906 0.795 0.414-1.528 0.492
Mastectomy with reconstruction 0.745 0.353-1.572 0.440 0.564 0.229-1.390 0.213
Type of systemic treatment
No RF RF RF RF RF RF
Endocrine therapy 1.102 0.642-1.889 0.725 1.062 0.601-1.879 0.835
Chemo(immuno)therapy 2.308 1.231-4.326 0.009* 2.008 1.032-3.906 0.040*
Radiotherapy on the breast 1.131 0.543-6.499 0.710 1.044 0.369-5.820 0.698
Cognitive functioning at TO 0.977 0.950-1.004 0.097 0.984 0.957-1.013 0.279
Clinically relevant impairment at T6
Role functioning - - - 2.914 1.283-6.619 0.011*
Emotional functioning - - - 2.353 1.259-4.399 0.007*
Fatigue - - - 1.309 0.613-2.796 0.487

Clinically relevant cognitive impairment was defined as a score of <75, based on the cognitive functioning domain of the EORTC QLQ-C30 questionnaire. Clinically
relevant emotional functioning was defined as a score of <71, based on the cognitive functioning domain of the EORTC QLQ-C30 questionnaire. Clinically relevant
fatigue was defined as a score >39, based on the fatigue scale of the EORTC QLQ-C30 questionnaire.

TO: Baseline, T6: 6 months follow-up, T12: 12 months follow-up, SE: Standard error, 95% CI: 95% confidence interval, N: number, RF: reference value.

changes that may have been brought on by direct neuronal toxicity and
inflammation, as well as genetic polymorphism combined with the
natural aging process, the emotional functioning of patients,
co-morbidities and lifestyle choices, which all potentially can lead to
clinically relevant cognitive impairment (27).

Impairment in role functioning and emotional functioning were
associated with new-onset clinically relevant cognitive impairment at
T6 and moderated the effect of chemo(immuno)therapy. The interplay
between cognitive, role and emotional functioning have been described
before (Bolekova and Chlebcova, 2023; Boscher et al., 2020). Due to its
association with new-onset clinically relevant cognitive impairment, it is
essential to asses’ patients with self-reported cognitive impairment for
common symptom clusters and to treat these symptoms if present and if
possible (de Ligt et al, 2022). This also suggests that
non-pharmacological interventions targeting impairments in all four
HRQoL domains are particularly promising.

To determine which patients with self-reported clinically relevant
cognitive impairment would benefit from supportive care, it is optimal
to integrate their self-reported cognitive functioning with their objective
cognitive functioning by using neuropsychological tests. The combina-
tion of both assessments allows for determining what signs and symp-
toms are likely to relate to particular cognitive disorders or specific
deficit clusters or, for example, to more general functioning problems
with co-occurring cognitive complaints. Incorporating the assessment of
self-reported cognitive functioning into routine clinical care and iden-
tifying patients with clinically relevant self-reported cognitive impair-
ment serves as a valuable tool in efficiently selecting patients who
should undergo these subsequent neuropsychological tests and directs
patients towards the appropriate level of care. In a recent exploratory
study, machine learning indicated that women with breast cancer who
reported symptoms over a longer period of time were also found to have
cognitive changes at the test level, as opposed to those who had
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symptoms at one point in time (Van Dyk et al., 2022). These findings
highlight the importance of monitoring self-reported and tested mea-
sures of cognition over time.

The strength of this study is that we applied a threshold to determine
clinical relevance additional to statistical significance; our findings show
a prevalence of perceived clinically relevant cognitive impairment in
breast cancer patients that is important to monitor during clinical en-
counters or to intervene on. Moreover, by mapping characteristics of
different patient groups, intervention can be targeted so that the right
patients receive the right care. Moreover, by including patients of two
hospitals, results are more generalizable to other hospitals and can be
better applied in clinical care.

4.1. Limitations

A limitation of this study is the significant dropout rate. Patients with
clinically relevant cognitive impairment before start of treatment
significantly more often did not complete questionnaires at 6 and/or 12
months follow-up. Perhaps early dropouts experienced more pro-
nounced clinically relevant cognitive impairment from baseline on-
wards, potentially contributing to their non-compliance at 6 and/or 12
months follow-up leading to an underestimation of the overall preva-
lence. The persistence of clinically relevant cognitive impairment from
immediately after diagnosis to 6 and 12 months after start of treatment,
as reported in this study, underscores the importance of early inter-
vention after treatment completion. This can be a unique teachable
moment when survivors may be most amenable to interventions. Future
research should investigate whether these clinically relevant cognitive
impairment continue at 18-months follow-up or stabilize in these pa-
tients. This will help determine the most accurate moment to measure
cognitive functioning in order to identify patients who are most at-risk
for developing cognitive complaints, allowing timely provision of suf-
ficient (after) care for these patients. Furthermore, we have focused on
patients with new-onset clinically relevant cognitive impairment in this
study, and future research should take into account patients who already
had clinically relevant cognitive impairment at time of diagnosis and
continued to decline during or after treatment. These patients may
follow different trajectories than patients with new-onset cognitive
impairment and more attention should be directed to these patients for
their potential clinically relevant cognitive impairment by their nurse
practitioner.

5. Conclusion

In conclusion, this study showed that clinically relevant cognitive
impairment is a common problem in patients with breast cancer in the
first year following diagnosis. Focusing on patients with new-onset
clinically relevant cognitive impairment, they tend to be younger and
more often treated with chemo(immuno)therapy. Additionally, role and
emotional functioning were associated with new-onset clinically rele-
vant cognitive impairment. Ultimately, this study underscores the
importance of monitoring patients’ self-reported cognitive functioning
during and after treatment, in order to enable early intervention and
ensure that patients with breast cancer receive personalized and timely
support to effectively address their cognitive impairments.

Funding

The study was funded by the Erasmus Medical Center and the
Netherlands Cancer Institute.

CRediT authorship contribution statement
A.S. Huberts: Writing — original draft, Methodology, Formal anal-

ysis, Conceptualization. E.A.C. Albers: Writing — original draft, Meth-
odology, Formal analysis, Conceptualization. K.M. de Ligt: Writing —

European Journal of Oncology Nursing 72 (2024) 102685

review & editing, Supervision, Conceptualization. L.B. Koppert:
Writing — review & editing, Supervision, Conceptualization. S.B. Scha-
gen: Writing — review & editing, Supervision, Conceptualization. L.V.
van de Poll-Franse: Writing - review & editing, Supervision,
Conceptualization.

Declaration of competing interest
The authors declare no competing interests.

References

Aaronson, N.K., Ahmedzai, S., Bergman, B., Bullinger, M., Cull, A., Duez, N.J.,
Filiberti, A., Flechtner, H., Fleishman, S.B., De Haes, J.C., et al., 1993. The European
Organization for Research and Treatment of Cancer QLQ-C30: a quality-of-life
instrument for use in international clinical trials in oncology. J. Natl. Cancer Inst. 85,
365-376.

Ahles, T.A., Saykin, A.J., Furstenberg, C.T., Cole, B., Mott, L.A., Skalla, K., Whedon, M.B.,
Bivens, S., Mitchell, T., Greenberg, E.R., Silberfarb, P.M., 2002. Neuropsychologic
impact of standard-dose systemic chemotherapy in long-term survivors of breast
cancer and lymphoma. J. Clin. Oncol. 20, 485-493.

Ando-Tanabe, N., Iwamitsu, Y., Kuranami, M., Okazaki, S., Yasuda, H., Nakatani, Y.,
Yamamoto, K., Watanabe, M., Miyaoka, H., 2014. Cognitive function in women with
breast cancer receiving adjuvant chemotherapy and healthy controls. Breast Cancer
21, 453-462.

Bernstein, L.J., Mccreath, G.A., Komeylian, Z., Rich, J.B., 2017. Cognitive impairment in
breast cancer survivors treated with chemotherapy depends on control group type
and cognitive domains assessed: a multilevel meta-analysis. Neurosci. Biobehav.
Rev. 83, 417-428.

Bodai, B.I., Tuso, P., 2015. Breast cancer survivorship: a comprehensive review of long-
term medical issues and lifestyle recommendations. Perm. J. 19, 48-79.

Bolekovd, V., Chlebcova, V., 2023. Predictors of cognitive failures in cancer survivors.
Klin. Onkol. 36, 45-53.

Bolton, G., Isaacs, A., 2018. Women'’s experiences of cancer-related cognitive
impairment, its impact on daily life and care received for it following treatment for
breast cancer. Psychol. Health Med. 23, 1261-1274.

Boscher, C., Joly, F., Clarisse, B., Humbert, X., Grellard, J.M., Binarelli, G., Tron, L.,
Licaj, L., Lange, M., 2020. Perceived cognitive impairment in breast cancer survivors
and its relationships with psychological factors. Cancers 12.

Bray, F., Ferlay, J., Soerjomataram, 1., Siegel, R.L., Torre, L.A., Jemal, A., 2018. Global
cancer statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide
for 36 cancers in 185 countries. CA A Cancer J. Clin. 68, 394-424.

Bray, V.J., Dhillon, H.M., Bell, M.L., Kabourakis, M., Fiero, M.H., Yip, D., Boyle, F.,
Price, M.A., Vardy, J.L., 2017. Evaluation of a web-based cognitive rehabilitation
program in cancer survivors reporting cognitive symptoms after chemotherapy.

J. Clin. Oncol. 35, 217-225.

Cheung, Y.T., Foo, Y.L., Shwe, M., Tan, Y.P., Fan, G., Yong, W.S., Madhukumar, P.,
Ooi, W.S., Chay, W.Y., Dent, R.A., Ang, S.F., Lo, S.K., Yap, Y.S., Ng, R., Chan, A,
2014. Minimal clinically important difference (MCID) for the functional assessment
of cancer therapy: cognitive function (FACT-Cog) in breast cancer patients. J. Clin.
Epidemiol. 67, 811-820.

Cheung, Y.T., Shwe, M., Chui, W.K., Chay, W.Y., Ang, S.F., Dent, R.A., Yap, Y.S., Lo, S.K.,
Ng, R.C., Chan, A., 2012. Effects of chemotherapy and psychosocial distress on
perceived cognitive disturbances in Asian breast cancer patients. Ann.
Pharmacother. 46, 1645-1655.

Collins, B., Mackenzie, J., Tasca, G.A., Scherling, C., Smith, A., 2013. Cognitive effects of
chemotherapy in breast cancer patients: a dose-response study. Psycho Oncol. 22,
1517-1527.

Dambholdt, M., Mehlsen, M., O’Toole, M., Andreasen, R., Pedersen, A., Zachariae, R.,
2016. Web-based cognitive training for breast cancer survivors with cognitive
complaints—a randomized controlled trial. Psycho Oncol. 25, 1293-1300.

De Ligt, K.M., De Rooij, B.H., Walraven, 1., Heins, M.J., Verloop, J., Siesling, S.,
Korevaar, J.C., Van De Poll-Franse, L.V., 2022. Varying severities of symptoms
underline the relevance of personalized follow-up care in breast cancer survivors:
latent class cluster analyses in a cross-sectional cohort. Support. Care Cancer 30,
7873-7883.

De Ruiter, M.B., Reneman, L., Boogerd, W., Veltman, D.J., Van Dam, F.S., Nederveen, A.
J., Boven, E., Schagen, S.B., 2011. Cerebral hyporesponsiveness and cognitive
impairment 10 years after chemotherapy for breast cancer. Hum. Brain Mapp. 32,
1206-1219.

Dijkshoorn, A.B.C., Van Stralen, H.E., Sloots, M., Schagen, S.B., Visser-Meily, J.M.A.,
Schepers, V.P.M., 2021. Prevalence of cognitive impairment and change in patients
with breast cancer: a systematic review of longitudinal studies. Psycho Oncol. 30,
635-648.

Giesinger, J.M., Loth, F.L.C., Aaronson, N.K., Arraras, J.I., Caocci, G., Efficace, F.,
Groenvold, M., Van Leeuwen, M., Petersen, M.A., Ramage, J., Tomaszewski, K.A.,
Young, T., Holzner, B., 2020. Thresholds for clinical importance were established to
improve interpretation of the EORTC QLQ-C30 in clinical practice and research.

J. Clin. Epidemiol. 118, 1-8.

Graupner, C., Kimman, M.L., Mul, S., Slok, A.H.M., Claessens, D., Kleijnen, J., Dirksen, C.

D., Breukink, S.0., 2021. Patient outcomes, patient experiences and process


http://refhub.elsevier.com/S1462-3889(24)00183-2/sref1
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref1
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref1
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref1
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref1
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref2
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref2
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref2
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref2
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref3
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref3
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref3
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref3
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref4
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref4
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref4
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref4
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref5
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref5
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref6
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref6
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref7
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref7
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref7
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref8
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref8
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref8
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref9
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref9
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref9
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref10
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref10
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref10
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref10
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref11
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref11
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref11
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref11
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref11
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref12
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref12
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref12
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref12
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref13
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref13
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref13
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref14
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref14
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref14
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref15
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref15
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref15
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref15
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref15
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref16
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref16
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref16
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref16
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref17
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref17
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref17
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref17
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref18
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref18
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref18
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref18
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref18
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref19
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref19

A.S. Huberts et al.

indicators associated with the routine use of patient-reported outcome measures
(PROMs) in cancer care: a systematic review. Support. Care Cancer 29, 573-593.

Grusdat, N.P., Stauber, A., Tolkmitt, M., Schnabel, J., Schubotz, B., Wright, P.R.,
Heydenreich, M., Zermann, D.H., Schulz, H., 2022. Cancer treatment regimens and
their impact on the patient-reported outcome measures health-related quality of life
and perceived cognitive function. J Patient Rep Outcomes 6, 16.

Henderson, F.M., Cross, A.J., Baraniak, A.R., 2019. ‘A new normal with chemobrain’:
experiences of the impact of chemotherapy-related cognitive deficits in long-term
breast cancer survivors. Health Psychol. Open 6, 2055102919832234.

Hjermstad, M.J., Fayers, P.M., Bjordal, K., Kaasa, S., 1998. Using reference data on
quality of life-the importance of adjusting for age and gender, exemplified by the
EORTC QLQ-C30 (+3). Eur. J. Cancer 34, 1381-1389.

Jim, H.S.L., Phillips, K.M., Chait, S., Faul, L.A., Popa, M.A,, Lee, Y.-H., Hussin, M.G.,
Jacobsen, P.B., Small, B.J., 2012. Meta-analysis of cognitive functioning in breast
cancer survivors previously treated with standard-dose chemotherapy. J. Clin.
Oncol. 30, 3578-3587.

Klaver, K.M., Duijts, S.F.A., Geusgens, C.A.V., Aarts, M.J.B., Ponds, R., Van Der Beek, A.
J., Schagen, S.B., 2020. Internet-based cognitive rehabilitation for WORking Cancer
survivors (i-WORC): study protocol of a randomized controlled trial. Trials 21, 664.

Lange, M., Lefevre Arbogast, S., Hardy-Léger, I., Rigal, O., Le Fel, J., Pistilli, B.,
Petrucci, J., Lévy, C., Capel, A., Coutant, C., Médeau, L., Lerebours, F.,
Vanlemmens, L., Brion, M., Bourbouloux, E., Blain, M., Binarelli, G., Vaz-Luis, 1.,
Giffard, B., Querel, O., Everhard, S., André, F., Charles, C., Dauchy, S., Joly, F., 2023.
Cognitive change in breast cancer patients up to 2 years after diagnosis. J. Natl.
Cancer Inst. 115, 322-331.

Lim, C.Y.S., He, S., Shaw, J., Dhillon, H.M., 2022. Cancer-related cognitive impairment: a
mixed methods evaluation of a standard factsheet. Support. Care Cancer 30,
2375-2385.

European Journal of Oncology Nursing 72 (2024) 102685

Meattini, I., Desideri, 1., Francolini, G., Vannini, A., Perna, M., Garlatti, P., Grassi, R.,
Livi, L., 2017. Systemic therapies and cognitive impairment for breast cancer: an
overview of the current literature. Med. Oncol. 34, 74.

Oliveira, A.F., Torres, A., Teixeira, R.J., Monteiro, S., Pereira, A., Santos, .M., 2022.
Perceived cognitive functioning in breast cancer patients treated with chemotherapy
compared to matched healthy women: evidence from a Portuguese study. Int. J.
Nurs. Pract., e13119

Valentine, T.R., Weiss, D.M., Jones, J.A., Andersen, B.L., 2019. Construct validity of
PROMIS® Cognitive Function in cancer patients and noncancer controls. Health
Psychol. 38, 351-358.

Van Dam, F.S.A.M., Boogerd, W., Schagen, S.B., Muller, M.J., Droogleever Fortuyn, M.E.,
Wall, E.V.D., Rodenhuis, S., 1998. Impairment of cognitive function in women
receiving adjuvant treatment for high-risk breast cancer: high-dose versus standard-
dose chemotherapy. J. Natl. Cancer Inst.: J. Natl. Cancer Inst. 90, 210-218.

Van Dyk, K., Ahn, J., Zhou, X., Zhai, W., Ahles, T.A., Bethea, T.N., Carroll, J.E., Cohen, H.
J., Dilawari, A.A., Graham, D., Jacobsen, P.B., Jim, H., Mcdonald, B.C., Nakamura, Z.
M., Patel, S.K., Rentscher, K.E., Saykin, A.J., Small, B.J., Mandelblatt, J.S., Root, J.C.,
2022. Associating persistent self-reported cognitive decline with neurocognitive
decline in older breast cancer survivors using machine learning: the Thinking and
Living with Cancer study. J Geriatr Oncol 13, 1132-1140.

Wefel, J.S., Schagen, S.B., 2012. Chemotherapy-related cognitive dysfunction. Curr.
Neurol. Neurosci. Rep. 12, 267-275.

Yamada, T.H., Denburg, N.L., Beglinger, L.J., Schultz, S.K., 2010. Neuropsychological
outcomes of older breast cancer survivors: cognitive features ten or more years after
chemotherapy. J. Neuropsychiatry Clin. Neurosci. 22, 48-54.

Yin, Y., Jin, L., Chu, M., Zhou, Y., Tu, S., Cheng, Y., Ye, M., Wu, J., Chen, H., 2023.
Association between endocrine therapy and cognitive decline in breast cancer based
on propensity score matching. Front. Med. 10, 1132287.


http://refhub.elsevier.com/S1462-3889(24)00183-2/sref19
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref19
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref20
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref20
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref20
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref20
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref21
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref21
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref21
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref22
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref22
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref22
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref23
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref23
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref23
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref23
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref24
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref24
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref24
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref25
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref25
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref25
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref25
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref25
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref25
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref26
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref26
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref26
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref27
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref27
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref27
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref28
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref28
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref28
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref28
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref29
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref29
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref29
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref30
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref30
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref30
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref30
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref31
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref31
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref31
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref31
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref31
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref31
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref32
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref32
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref33
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref33
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref33
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref34
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref34
http://refhub.elsevier.com/S1462-3889(24)00183-2/sref34

	Self-perceived cognitive impairment in the first year after breast cancer and the identification of at-risk patients
	1 Introduction
	2 Methods
	2.1 Study participants
	2.2 Data collection
	2.3 EORTC QLQ-C30 questionnaire
	2.4 Statistical analyses

	3 Results
	3.1 Study population
	3.2 Demographic variables
	3.3 Early dropout analyses
	3.4 Prevalence of clinically relevant cognitive impairment
	3.5 Identification of patients with new-onset cognitive impairment
	3.6 Associated factors with new-onset cognitive impairment at T6

	4 Discussion
	4.1 Limitations

	5 Conclusion
	Funding
	CRediT authorship contribution statement
	Declaration of competing interest
	References


