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Abstract

Objective: Patients with breast cancer face cognitive impairment that affects their

quality of life; partially attributable to treatment. Our aim was to detail the prev-

alence and change of cognitive impairment during the course of treatment. We also

investigated the effect of therapy (chemotherapy [CT]) vs. radiotherapy and/or

endocrine therapy vs. healthy controls).

Methods: This article reviews longitudinal cohort studies published to date in Medline

and Embase that (i) assess cognition before and after therapy, (ii) report prevalence

cognitive impairment or change, and (iii) use standardized and valid neuropsycho-

logical tests. We used the original authors' criteria for cognitive impairment.

Results: The title and abstract of 891 articles were screened, resulting in the

identification of 90 potentially relevant articles while applying the eligibility criteria.

After full‐text examination, 17 studies were included. Prevalence of cognitive

impairment range from 25% before therapy, through 24% after therapy to 21% at

maximal 1‐year follow‐up (FU). Compared to their pretreatment cognitive func-

tioning, 24% of patients decline after treatment and 24% at 1‐year FU. Some studies

also reported cognitive improvement showing that 15% and 31% of patients

improve, respectively. In general, patients undergoing CT have a higher chance of

cognitive impairment and decline than no‐CT patients and healthy controls.

Conclusions: This study shows that one out of four breast cancer patients shows

cognitive impairment prior to treatment administration CT and a significant number

of patients decline during the course of disease, suggesting that cognitive impairment

is not exclusively related to CT and/or no‐CT therapies. This study shows that

assessment of cognitive functioning, ideally over time, is crucial and may help the

implementation of personalized rehabilitation pathways.
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1 | BACKGROUND

Among women, breast cancer represents the most frequently diag-

nosed cancer and leading cause of cancer death.1 Current treatment

options consist of surgery with various combinations of chemo-

therapy (CT), endocrine therapy (ET) and postoperative radiotherapy

(RT), depending on disease stage and prognostic factors. With ad-

vances in diagnosis and treatment, the long‐term survival rate has

increased markedly, therefore allowing an attention shift toward

minimizing morbidity.2 Among available treatment options, CT is

most frequently linked to mild to moderate cognitive decline, as

illustrated by commonly used terms as “chemobrain” or “chemo-

fog”.3–6 Cognitive impairment and associated poor quality of life

(QOL) is rated as one of the most bothersome symptoms by cancer

survivors and has long been reported during and after treatment

courses.7–9 In turn, poor QOL and increased levels of distress are

related to increased use of health care and costs.10 Though stan-

dardized neuropsychological tests are considered a golden standard

in cognition research, perceived cognitive problems and side effects

(e.g., nausea, pain, and fatigue) can also significantly impact QOL and

thus are extremely important to assess in clinical practice as well.11,12

The “chemobrain” literature and awareness among the cancer

community (including patients) has been increasingly steadily over

the past decade. Three meta‐analyses have included studies that

examined cognitive effects during and after CT on women diagnosed

with breast cancer. All meta‐analyses revealed that breast cancer

patients perform more poorly than controls on visuospatial ability

and language tests. Additionally, the largest differences in cognitive

impairment were found in the cognitive domains of short‐term

memory and motor functioning.13–15 Much less is known about the

cognitive effect of no‐CT treatments, such as ET or postoperative RT.

One systematic review (N ¼ 12 studies of which one erroneously

included, time since treatment onset ¼ 3 – 24 months) on breast

cancer patients undergoing ET indicated that decreased cognitive

performance is most often seen in the domain of verbal memory.16 A

second systematic review (N ¼ 21 studies, time since treatment

divided into ≤2 and >2 years) reports that 80% of the included

studies found an association between ET administration and

impairment in at least one of the following cognitive domains: pro-

cessing speed, learning and memory, language, and executive func-

tions.17 Though evidence is less conclusive for breast cancer patients

undergoing RT, longitudinal studies imply induced cognitive impair-

ment mainly in the verbal memory domain.18–21 Overall, CT has been

related to cognitive deficits in the domains of visuospatial ability and

language, whereas ET and RT, though less conclusive, have been

associated with deficits in verbal memory.

While research on the cognitive consequences of breast cancer

treatment has received much attention, the prevalence of cognitive

deficits during and after breast cancer treatment remain imprecise.

Some patients improve over months or years after completion of CT,

whereas others experience long‐term cognitive impairment, up to 21

years after treatment.22–25 In addition, the review of Wefel and

Schagen6 provides an overview of 53 studies published between

1995 and 2012 on the effect of CT on cognitive impairment. They

postulate that between 17% and 75% of patients show cognitive

impairment in cross‐sectional studies and that between 19% and 78%

of patients show cognitive impairment in longitudinal studies. To our

knowledge no reviews have yet bundled cognitive impairment data

for patients undergoing ET nor RT. With only broad prevalence es-

timates available and few studies investigating long‐term conse-

quences knowledge of changes in cognitive impairment and decline

over time is needed. Such knowledge could improve the diagnostic

process and alert healthcare professionals to the need to identify and

support patients with potential decline, thereby facilitating the

implementation of personalized rehabilitation pathways with appro-

priate integrated care after treatment for breast cancer.

The change of cognitive impairment over the course of CT has

been illustrated by the landmark study of Wefel et al.26 First, they

revealed that 21% (9 of 42) of breast cancer patients were already

impaired before commencement of CT. Therefore, alongside CT other

cancer‐related factors are likely to be implicated in cognitive impair-

ment. In fact, Wefel et al.26 showed that 61% (17 of 28) of patients

demonstrated cognitive decline 6 months after CT completion.

This underlines that even though one may expect that cognitive

impairment would dissipate over time, a large group of patients are

cognitively impaired at 6‐months follow‐up (FU). While longitudinal

studies such as Wefel et al.26 shed light on the course of cognitive

impairment in patients with breast cancer over time, studies are

often solely confided to CT and encompass relatively small sample

sizes. Therefore, the effect of the type of adjuvant therapy itself re-

mains unclear and understanding data of larger samples is warranted.

We aim to systematically detail the existing literature to estimate

the prevalence of cognitive impairment and cognitive change

throughout the breast cancer treatment period. In order to gain

knowledge on the effect of therapy type, we compared cognitive con-

sequences of CT with ET and/or RT and/or healthy controls over time.

2 | METHODS

The present systematic review was conducted and performed in

accordance with the Preferred Reporting Items for Systematic Re-

views and Meta‐Analyses (PRISMA) guidelines. We registered the

review in the International Prospective Register of Systematic Re-

views (PROSPERO) to reduce reporting bias and to promote research

transparency (registration number ¼ CRD42020123312).

2.1 | Eligibility criteria

We reviewed all published manuscripts on the prevalence of cogni-

tive effects in adult patients with breast cancer during and after

surgery and treatment period and healthy controls. Treatment was

operationalized as CT, ET or postoperative RT. We selected longi-

tudinal studies in which; (i) cognitive functioning was assessed at

baseline (defined at any timepoint between surgery and

636 - DIJKSHOORN ET AL.



commencement of treatment), and at least once after treatment, (ii)

neuropsychological assessment was reported in at least two cognitive

domains, (iii) reported prevalence of cognitive impairment and/or

cognitive decline in at least one treatment stage, (iv) standardized

and valid measurements for objective cognitive functioning were

used. We only included objective measurements to assess cognition,

because most studies find that cognitive complaints may be more

indicative of psychological distress rather than cognitive impair-

ment.27,28 One could argue, however, that the weak association be-

tween objective and subjective cognitive impairment could partly be

explained because they measure different constructs.12 We excluded

manuscripts that were identified as cross‐sectional studies, case‐
studies or series, meta‐analyses or commentaries. Additional reasons

for study exclusion were reported childhood or central nervous

system malignancies or the sole use of short cognitive screening tools

(e.g., Mini‐Mental Status Examination), as they lack sensitivity to

detect mild cognitive impairment.29 For studies that included behav-

ioral interventions, such as cognitive behavioral therapy, we only

included the usual care condition in the current systematic review. To

maximize study feasibility and generalization towards patients in

clinic, we did not consider variation in standard of care treatment

regime (e.g., number of cycles, type of CT and type of ET) as an exclu-

sion criterion. If we suspected an overlapping patient sample among

the eligible studies, we included the most recent study.30–35

Reasons for exclusion was documented for each manuscript.

2.2 | Search strategy

The literature search strategy was developed for PubMed and

modified for Embase. No limits were placed on publication date. The

search was performed on 20 July 2020 using the following search

strategy in PubMed (OvidSP) (((((((((((("Neurocognitive Disorder-

s"[Mesh:NoExp] OR "Cognition Disorders"[Mesh:NoExp] OR

"Cognitive Dysfunction"[Mesh] OR cognit*[Title/Abstract] OR “Neu-

ropsychological Tests”[Mesh])))) AND ((((((mamma*[Title/Abstract])

OR breast[Title/Abstract])) AND ((("Neoplasms"[Mesh] OR cancer

[Title/Abstract] OR cancers[Title/Abstract] OR neoplasm*[Title/Ab-

stract] OR tumor*[Title/Abstract] OR tumour*[Title/Abstract] OR

carcinom*[Title/Abstract] OR malign*[Title/Abstract]))))) AND (((lon-

gitudinal[Title/Abstract] OR Longitudinal Studies [MeSH] OR pro-

spective[Title/Abstract] OR Prospective studies[MeSH] OR course

[Title/Abstract] OR “over time”[Title/Abstract] OR “Time Factors”[-

MeSH])))))))) NOT ((animals[MeSH]) NOT humans[MeSH]).

2.3 | Study selection

Two authors (A. D. and H. S.) independently reviewed all abstracts,

after removal of duplicates (N ¼ 891), while assessing the inclusion

and exclusion criteria. Disagreement between authors regarding

study selection was resolved through consensus meetings or by the

involvement of a third author (V. S.) After completing the review

process, Scopus was searched with our selected articles for additional

keywords or articles.

2.4 | Data extraction

We originally aspired to examine the contribution of different types

of systemic therapy (CT or ET) or local therapy (RT) on cognition.

Because of the unexpected large imbalance of reported RT in the

absence of CT (two in seven studies separately reported nonsystemic

therapy) this was not deemed possible.36 Accordingly, patients were

divided into two groups; the first group consisted of patients un-

dergoing CT, and if necessary, ET and/or postoperative RT (see

Figure 1). The other patient group received ET and/or postoperative

RT only (i.e., “the no‐CT group”). Where possible, we also included

healthy controls. We labeled patients as cognitively impaired ac-

cording to the definition criteria of the original authors (see Table 1).

A timeline of the breast cancer treatment stages and the time points

of data assessment is visualized in Figure 1. To aid comparability

across studies, time points of neuropsychological assessment were

clustered together. Baseline or T0 refers to any timepoint between

F I GUR E 1 Timeline of the breast cancer treatment stages and the cross‐sectional and longitudinal time points of data assessment. The
“CT‐group” consists of patients indicated for chemotherapy and if necessary, radiotherapy and/or endocrine therapy. The “no‐CT group”

consists of patients indicated for radiotherapy and/or endocrine therapy. CT, chemotherapy; ET, endocrine therapy; FU, follow up; N, number
of patients; RT, radiotherapy
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surgery and commencement of CT (or comparable time interval for

“the no‐CT group”). Posttreatment or T1 was indicated within 1

month of treatment completion (last chemo cycle injection), short‐
term follow‐up (FU) or T2 was used within 1‐year after treatment

completion (last chemo cycle injection), and long‐term FU or T3 was

used for at least 1‐year after treatment completion (last chemo cycle

injection). Two separate analyses were performed for the evaluation

of the cognitive test data: (i) dichotomous outcome to differentiate

between impaired and nonimpaired patients at different treatment

stages (i.e., cognitive impairment or not) and (ii) significant changes in

test scores over time irrespective of this classification (i.e., cognitive

decline and/or cognitive improvement).

2.5 | Risk of bias in individual studies and across
studies

The quality of studies was independently assessed by two reviewers (A.

D. and H. S.) using a 17‐item predefined checklist adapted from Pullens

et al.12 For each item on the checklist studies could be assigned

0 (criteria not met or insufficient information) or 1 point. Disagreement

between authors regarding development and evaluation of the criteria

was resolved through consensus meetings or by the involvement of a

third author (V. S.). Studies scoring 70% or more of the maximum score

(12 or more points) were labeled as “high quality.” Studies scoring

between 50% and 70% were considered to be “moderate quality”

(between 9 and 12 points). Studies scoring below 50% were catego-

rized as “low quality” (8 or less points). See Table 1 for the risk of bias in

individual studies and Figure 2 for the risk of bias across studies.

3 | RESULTS

3.1 | Study selection

The initial search in Medline and Embase yielded 1194 articles. After

removal of duplicates, the titles and abstracts of 891 articles remained.

The title and abstract screening resulted in the identification of 90

articles as potentially relevant while applying the eligibility criteria.

After full‐text examination 17 studies were included for review. The

PRISMA flow diagram of the selection process is provided in Figure 3.

Risk of bias of included studies indicated high quality for 15 studies and

moderate quality for 3 studies (Table 1). The scope through Scopus did

not provide further keywords or articles. Table 1 provides an overview

of the study characteristics of the 17 included studies at baseline.

3.2 | Prevalence of cognitive impairment at
different timepoints before and during treatment
period

Ten studies provided prevalence statistics of cognitive impairment at

different timepoints before (T0) and throughout breast cancerT
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treatment stages (T1 and T2) in a cross‐sectional analysis as shown in

Table 2. At T0, Cognitive impairment was noted in 25% (125 of 503)

of the breast cancer patients and 10% (12 of 120) of the healthy

controls at T0.3,26,27,36–40 Within the patient group, 24% (108 of 446)

of the CT patients were labeled as cognitively impaired,,,,,, compared

to 30% (17 of 57) of the no‐CT patients., At T1, 24% (70 of 295) of

the breast cancer patients and 10% (10 of 102) of the healthy con-

trols scored cognitively impaired.3,27,40,43 Within the patient group,

30% (68 of 229) of the CT patients were labeled as cognitively

impaired compared to 3% (2 of 66) of the no‐CT patients. At T2, 21%

(102 of 479) of the breast cancer patients and 7% (10 of 149) of the

healthy controls scored cognitively impaired.27,36,38–40,43,44 Within

the patient group, 23% (77 of 336) of the CT patients were labeled as

cognitively impaired compared to 18% (25 of 143) of the no‐CT pa-

tients. Two studies have separately reported nonsystemic (e.g., RT)

treatment showing that 17% (14 of 81) of nonsystemic patients

scored cognitively impaired.36,44 None of the studies examined

cognitive impairment after at least 1‐year after treatment

completion.

3.3 | Prevalence of cognitive change before and
after treatment period

In order to inquire into the immediate effect (T1 compared to T0) of

type of treatment on cognitive change, ten studies described cogni-

tive decline of which six studies also described cognitive improve-

ment as shown in Table 3. From T0 to T1, cognitive decline was noted

in 24% (205 of 861) of the breast cancer patients and 12% (20 of

171) of the healthy controls.26,27,32,43,45–49 Within the patient group,

25% (179 of 713) of the CT patients were labeled as cognitively

declined, compared to 18% (26 of 148) of the no‐CT patients.

Simultaneously, 15% (55 of 527) of the breast cancer patients and

12% (14 of 115) of the healthy controls were labeled as cognitively

improved.32,43,46–48 Within the patient group, 18% (88 of 418) of the

CT patients were labeled as cognitively improved, compared to 11%

(12 of 109) of the no‐CT patients.

3.4 | Prevalence of cognitive change before
treatment and FU period at 6 months

To infer the short‐term outcome effect (T2 at 6‐months FU

compared to T0) of type of treatment on cognitive change, four

studies described cognitive decline of which one study also described

cognitive improvement as shown in Table 3. None of the studies

included healthy controls. From T0–T2, cognitive decline was noted

in 15% (46 of 319) of the breast cancer patients.27,32,36,38 Within this

group, 14% (32 of 222) of the CT‐patients were labeled as cognitively

declined compared to 15% (14 of 97) of the no‐CT patients. Simul-

taneously, 14% (28 of 195) of the breast cancer patients were labeled

as cognitively improved.27,32,38 Within this group, 16% (25 of 155) of

the CT‐patients were labeled as cognitively improved, compared to

5% (2 of 40) of the no‐CT patients.

3.5 | Prevalence of cognitive change before
treatment and FU period from at least 1 year

To calculate the long‐term outcome effect (T3 at minimum 1‐year

FU compared to T0) of type of treatment on cognitive change, four

studies provided statistics on cognitive decline of which one study

F I GUR E 2 Assessment of risk of the risk of bias across studies

DIJKSHOORN ET AL. - 641



also described cognitive improvement as shown in Table 3. From

T0 to T3, cognitive decline was noted in 24% (51 of 212) of the

breast cancer patients and 8% (8 of 103) of the healthy con-

trols.26,45,47 Within the patient group, 27% (45 of 169) of the CT‐

patients were labeled as cognitively declined, compared to 14% (6

of 43) of the no‐CT patients. Simultaneously, 31% (40 of 128) of

the breast cancer patients were labeled as cognitively improved.47

Within this group, 32% (27 of 85) of the CT‐patients were labeled

F I GUR E 3 PRISMA (2009) flowchart of study selection
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as cognitively improved, compared to 30% (13 of 43) of the no‐CT

patients.

4 | DISCUSSION

The aim of the current study was to investigate the cognitive im-

pairments throughout the cancer treatment period by systematically

reviewing the data. First, our review reveals that a significant number

of patients show cognitive impairment before, during and after

treatment of breast cancer. Three main findings can be extracted

from the results. First of all, the prevalence of cognitive impairments

ranges from 25% prior to therapy (10% for healthy controls), 24%

after therapy (10% for healthy controls) to 21% at short‐term FU (7%

for healthy controls). Our findings suggest that one in four patients

with breast cancer are already cognitively impaired before initiation

of treatment (CT and/or ET and/or RT), therefore suggesting that

cognitive impairment is not exclusively related to (nonsurgical)

treatment. Second, the onset of cognitive decline and improvement

varies between patients. That is, a significant number of patients

TAB L E 2 Overview of prevalence of cognitive impairment at different breast cancer treatment stages

Treatment stage

Prevalence of
cognitive impairments

(total sum of patients)

Treatment

group

Prevalence of

cognitive impairments
(total sum of patients

per treatment group)

Baseline (T0) 25% (503) CT 24% (446)

No‐CT 30% (57)

Controls 10% (120)

After treatment (T1) 24% (295) CT 30% (229)

No‐CT 3% (66)

Controls 10% (102)

Short‐term FU (T2) 21% (479) CT 23% (336)

No‐CT 18% (143)

Controls 7% (149)

Note: The “CT‐group” consists of patients indicated for chemotherapy and if necessary, radiotherapy and/or endocrine therapy. The “no‐CT grou”

consists of patients indicated for radiotherapy and/or endocrine therapy.

Abbreviations: CT, chemotherapy; long‐term FU, follow‐up of at least 1 year after treatment completion; short‐term FU, follow‐up of a maximum of 1

year after treatment completion, no‐CT, endocrine and/or radiotherapy.

TAB L E 3 Overview of prevalence of cognitive change at different breast cancer treatment stages

Treatment stage

Prevalence of cognitive
change (total sum of patients)

Treatment group

Prevalence of cognitive

change (total sum of patients
per treatment group)

Improvement Decline Improvement Decline

After treatment (T1) compared with baseline (T0) 15% (527) 24% (861) CT 18% (418) 25% (713)

No‐CT 11% (109) 18% (148)

Controls 12% (115) 12% (171)

Short‐term FU (T2) compared with baseline (T0) 14% (195) 15% (319) CT 16% (155) 14% (222)

No‐CT 5% (40) 15% (97)

Controls – –

Long‐term FU (T3) compared with baseline (T0) 31% (128) 24% (212) CT 32% (85) 27% (169)

No‐CT 30% (43) 14% (43)

Controls 17% (54) 8% (103)

Note: The “CT‐group” consists of patients indicated for chemotherapy and if necessary, radiotherapy and/or endocrine therapy. The “no‐CT group”

consists of patients indicated for radiotherapy and/or endocrine therapy.

Abbreviations: CT, chemotherapy; long‐term FU, follow‐up of at least 1 year after treatment completion; short‐term FU, follow‐up of a maximum of 1

year after treatment completion; no‐CT, endocrine and/or radiotherapy.
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show cognitive decline during the course of the disease while some

studies also report that other patients show cognitive improvement.

When patients are compared to their pretreatment level of cognitive

functioning, 24% demonstrated cognitive decline after completion of

therapy and 24% at long‐term FU. Simultaneously, even though it is

based on fewer studies, a significant number of patients seem to

improve (15% after therapy completion, 31% at long‐term FU).

Although the percentages of impairments remain largely stable over

the course of the disease, it can be assumed that there is a great

variation, in that some patients become worse over time while others

improve. Third, in order to gain more understanding of the effect of

treatment and changes within patients during treatment of breast

cancer, we compared cognitive consequences of patients undergoing

CT (plus or minus ET and/or RT) versus patients undergoing ET and/

or RT (i.e., “the no‐CT group”) and healthy controls over time. Our

data suggests that CT might impact cognitive dysfunction more

heavily compared to ET and/or RT (25% and 18% after treatment

completion, 27% and 14% at long‐term FU, respectively). At similar

time intervals 12% and 8% of the healthy controls demonstrated

cognitive decline. Only two studies have separately reported

nonsystemic breast cancer treatment (mostly RT) showing that 14%

of patients scored cognitively impaired at short‐term FU.

For a long time, research has focused on the effect of CT on

cognition, as emphasized by the commonly used terms “chemobrain”

and “chemofog”.3–6 Our results indicate that CT plays a role in the

course of cognitive impairment and that patients who are scheduled

to undergo CT more often score impaired on cognitive tests during

and after treatment period. Compelling evidence for the association

between CT and reduced cognitive functioning is derived from ran-

domized control studies demonstrating a dose‐response relation-

ship.3,4 There are several possible mechanisms through which CT can

result in reduced cognitive functioning. Preclinical animal models

have shown that delayed effects of chemotherapeutic agents include

diminished proliferation and apoptosis in myelinated tracts. Evidence

from neuroimaging studies has correlated CT with cerebral changes

in terms of gray matter volume loss, reduced white matter integrity

and altered cerebral network organization, cortical calcification and

decreased metabolic activity.50–54 Although most studies focus on

cognitive functioning in the first years after CT, outcomes over longer

survival periods are starting to accumulate as well. Of note, up to 21

years after CT treatment microstructural white matter alternations

and smaller overall brain volume have been found.24,55

Nonetheless, our results suggest that one in four patients already

have cognitive impairment prior to the initiation of (nonsurgical)

treatment suggesting that cancer (related) and personal factors make

a significant contribution to cognitive functioning. In contrast to our

study, some studies have assessed their patients prior to surgery to

retrieve a more reflective baseline performance.39,56,57 Sato et al.57

found that the breast cancer patients showed a decreased learning

effect (2 days after surgery compared to 1 day before surgery) on the

attention domain task compared to controls, even after controlling

for pre‐existing cognitive impairment, systemic inflammation and the

occurrence of complications. However, recent evidence shows that

patients diagnosed with cancer may already perform lower than ex-

pected on cognitive tests prior to surgical treatment.58 Although

these patients have been confronted with cancer diagnosis, cognitive

impairment persists after statistical correction for fatigue and psy-

chological distress.58 This suggests that risk factors for both cancer

and cognitive impairment, such as genetic susceptibility, older age

and lifestyle might be implicated.28,43,49,59–62 The study of van der

Willik et al.58 evaluated the longitudinal change of cognitive function

prior to disease manifestation using a population‐based cohort that

consisted of 2059 cancer patients and 7403 control subjects. They

found no evidence that cognitive function declines differently over

time among individuals who are later diagnosed with cancer than

among individuals who remain cancer free. They conclude that the

role of shared risk factors (genetic susceptibility, older age and life

factors) is limited in the weeks directly preceding cancer diagnosis. In

addition, the cancer growth itself might cause cognitive impairment,

for instance, through vascular processes or inflammation.63,64 Olson

and Marks65 have put forward a model of putative mechanisms by

which peripheral tumors interface with the CNS to initiate and sus-

tain cognitive decline. In short, they argue that peripheral cancers are

associated with increased circulating inflammatory cytokines that

can enter the blood stream and interface with the brain by passing

the blood–brain barrier. After crossing the blood–brain barrier the

inflammatory cytokines can activate glial cells and antigen‐presenting

cells therefore promoting further inflammatory responses. The con-

stant production of cytokines will ultimately inflect pathological

structural and biochemical changes in neuron populations central to

cognitive function.

In addition, our results show that treatment other than CT (the

“no‐CT‐group”) may hamper the cognitive functions. Aside from

chemo‐induced toxicity, inflammatory processes and hormonal

changes are expected to play a role in the development of cognitive

dysfunction.6,59,66,67 Studies indicate that estrogen acts on the brain

and influences cognitive performance, as data to suggests that anti‐
estrogen treatments may themselves have adverse effects on

cognition.68–73 Less is known about the effect of localized RT on the

development of cognitive impairment in breast cancer. Because RT is

a non‐systemic therapy one might hypothesize that chances of

developing cognitive impairment might be lower. It remains difficult

to disentangle the unique effects of CT, ET, and RT as many patients

received multiple treatments throughout disease course. However,

receiving CT seem to result in more cognitive impairments during the

disease and more cognitive decline, especially in long‐term FU.

4.1 | Study limitations

This is the first study to systematically review the prevalence of

cognitive impairment and change over time in patients with breast

cancer undergoing CT compared to patients scheduled for ET and/or

RT and to also include healthy controls. Because we combined cross‐
sectional and longitudinal analyses, we were able to detail the

prevalence of cognitive impairment at different treatment stages and

644 - DIJKSHOORN ET AL.



investigate how many patients declined at different time points

compared to their own pretreatment level of cognitive functioning.

Our systematic review has some limitations. First of all, as we have

included studies based on a predefined list of criteria which may or

may not have been used or reported by previous studies, we cannot

rule out any selection bias. Second, because the neuropsychological

tests are mostly developed and used to detect major cognitive defi-

cits in patients with acquired brain injury, our results might be

underrepresenting the number and degree of cognitive problems in

patients with breast cancer. Third, with our study setup we only had

access to reported data on cognitive change in comparison to base-

line cognitive functioning, therefore we were not able to detect

subgroups of clinical patients, such as late‐onset cognitive decliners.

The quantification of any variance between the treatment stages was

beyond the scope of this review but would be important in identifying

modifiable treatment factors to protect cognitive function. Fourth,

with a median FU period of 6 months and a maximum FU period of 13

months we gained limited insight into the long‐term effects of cognitive

impairment. This is of particularly importance since cognitive impair-

ment is prevalent and since breast cancer patients have excellent long‐
term survival rates.74 Fifth, our review did not have access to the

original data and we therefore we labeled patients as cognitively

impaired or declined according to the definition criteria of the original

authors. The included studies may have used different criteria for

cognitive impairment and cognitive decline (numbers of) neuropsy-

chological tests and time points of assessment, and solutions to ac-

count for repeated testing, therefore leading to data heterogeneity. As

a result, this data serves as a first indication of prevalence of cognitive

impairment and change in patients with breast cancer and cannot be

blindly generalized to specific therapies or individual outcome. Finally,

the quantification of affected cognitive domains was beyond the

scope of this study but it would be important to identify cognitive

domains that might be vulnerable to breast cancer treatment regimes.

5 | CONCLUSION

This is the first study to systematically review the prevalence of

cognitive impairment and cognitive change in breast cancer pa-

tients prior to CT or ”no‐CT” treatment and healthy controls. Our

study revealed that one in four patients already demonstrates

cognitive deficits prior to breast cancer treatment initiation of CT

or ET and/or RT at comparable time intervals. Therefore, our data

suggests that cognitive impairment is not exclusively related to CT

or no‐CT treatment. Second, a significant number of patients show

cognitive decline during the disease course (24% after therapy,

24% at 1‐year FU). Third, our data suggests that CT might impact

cognitive functioning more heavily compared to ET and/or RT. In

conclusion, this study shows that assessment of cognitive func-

tioning, ideally over time, in breast cancer patients undergoing

treatment is crucial. Active screening may serve as a first step to

identifying and supporting patients with potential decline, thereby

implementing patient‐tailored cognitive rehabilitation pathways. FU

care for cognitive problems can include referral to a rehabilitation

physician for treatment such as cognitive rehabilitation. To enable

comparability between studies a more homogenous approach in

test selection, data analyzation and reporting is warranted.
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