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Simple Summary: Many persons diagnosed with breast cancer are treated with endocrine therapy
and will experience the side effects of endocrine therapy. Cognitive adverse effects of endocrine
therapy are increasingly being recognised, and can significantly affect quality of life, adherence
and treatment outcome. This review aims to discuss the nature of cognitive dysfunction associ-
ated with endocrine therapy, the mechanisms underpinning its development, and evidence-based
management strategies.

Abstract: Endocrine therapy forms the backbone of systemic therapy for the majority of persons
with early and late-stage breast cancer. However, the side effects can negatively affect quality of life,
and impact treatment adherence and overall oncological outcomes. Adverse effects on cognition
are common, underreported and challenging to manage. We aim to describe the nature, incidence,
risk factors and underlying mechanisms of endocrine therapy-induced cognitive dysfunction. We
conducted a comprehensive literature review of the studies reporting on cognitive dysfunction
associated with endocrine therapies for breast cancer. We also summarise prevention and treatment
strategies, and ongoing research. Given that patients are taking endocrine therapies for longer
durations than ever before, it is essential that these side effects are managed pro-actively within a
multi-disciplinary team in order to promote adherence to endocrine therapy and improve patients’
quality of life.

Keywords: breast cancer; endocrine therapy; cognitive dysfunction

1. Introduction

Worldwide, breast cancer is the most common cancer diagnosed in women, with a
lifetime incidence of 5–20%, and it is the leading cause of cancer-related death [1,2]. Approx-
imately 70–75% of all invasive breast carcinomas are oestrogen receptor positive (ER+) [3].
Endocrine therapy forms the backbone of treatment of ER+ breast cancer, and includes
selective oestrogen receptor modulators (e.g., tamoxifen), selective oestrogen receptor de-
graders (e.g., fulvestrant), aromatase inhibitors (e.g., letrozole, anastrazole, exemestane)
and ovarian function suppression (e.g., goserelin). While each of these treatments has a
different mechanism of action, menopausal symptoms and cognitive side effects have been
reported with most of these agents.
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The treatment of hormone receptor positive breast cancer has evolved significantly in
recent years. Many advances have contributed to declines in mortality attributable to breast
cancer, and survival is predicted to increase further in the coming years [4]. In both early
and advanced ER+ breast cancer, patients are remaining on endocrine-based therapies for
longer periods of time. In early-stage breast cancer, the recommended duration of adjuvant
endocrine therapy now extends for up to 10 years, in order to reduce the rate of late relapse
and death from breast cancer [5,6]. In addition, ovarian function suppression may be used in
pre-menopausal women with high-risk breast cancer to further lower oestrogen levels, and
reduce the risk of recurrence and death [7,8]. In advanced-stage breast cancer, combining
endocrine therapy with molecular therapies targeting intracellular pathways, such as cyclin-
dependent kinase (CDK) 4/6 inhibitors, phosphatidylinositol 3-kinase (PI3K) inhibitors
and mammalian target of rapamycin (mTOR) inhibitors, have been highly efficacious when
used in combination with endocrine therapy as a backbone [9,10]. For example, CDK
4/6 inhibitors combined with endocrine therapy are now standard first line treatment for
metastatic hormone receptor positive, HER2 negative breast cancer based on significant
improvements in progression free survival and overall survival [11–13].

Given people with ER+ breast cancers are continuing endocrine therapies for longer
durations, it is important to recognise the toxicities of endocrine therapy and the impact
these toxicities can have on quality of life and daily functioning. Cognitive side effects
from endocrine therapy are common but often not reported by patients, or recognised and
treated by clinicians. For example, in a survey of 2296 women within situ or invasive breast
cancer, only 37% of women experiencing cognitive symptoms discussed their symptoms
with a health professional, and of these women, only 30% received treatments for their
symptoms, including 8% of which were alternative treatments [14]. These side effects can
have substantial impacts on patients’ abilities to carry out normal activities of daily living,
adversely impact their quality of life, and increase one’s likelihood to discontinue therapy,
which may increase the risk of recurrent disease or death [15,16]. Effective strategies to
minimise endocrine therapy side effects and improve treatment adherence are therefore
needed. While cancer-related cognitive impairment is becoming more recognised as a
phenomenon, most literature has focused on the effects of chemotherapy; the impact of
endocrine therapy has been less studied. The aim of this review is to describe the nature
of cognitive dysfunction associated with endocrine therapy, as well as the underlying
mechanisms, management strategies and areas for future research.

2. Materials and Methods

We searched the Pubmed database (accessed on 6 November 2021) for studies pub-
lished until that date. The search strategy was as follows: “breast cancer” or “breast
neoplasm” or “breast tumour*” AND (“endocrine therapy” OR “fulvestrant” OR “ta-
moxifen” OR “aromatase inhibitor*” OR anastrozole OR letrozole OR exemestane) AND
“cogniti*. Observational, interventional and animal studies were included. Studies explor-
ing the frequency of cognitive dysfunction where all patients had received chemotherapy
before endocrine therapy were excluded owing to confounding effects of chemotherapy on
cognition, however management and intervention studies were included, given the limited
data available regarding this. Studies that compared participants receiving endocrine ther-
apy alone with those receiving chemotherapy alone or combined with endocrine therapy
were included. Studies evaluating endocrine therapy in combination with therapies other
than chemotherapy were included to present preliminary information, given the unknown
effects of these agents on cognition. The review was limited to articles in English, with full
text data published. Articles were screened based on title and abstract, and the remaining
full text articles were screened for relevance. Reference lists from studies and reviews
were also hand-searched. The search revealed 557 articles, of which 72 were relevant for
inclusion in the study.
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3. Results
3.1. Impact of Oestradiol on Cognition

Pre-clinical research has highlighted the important influence oestrogen has on cog-
nition. This occurs mostly via 17β-oestradiol, the most potent and predominant form of
oestrogen in women, which can be synthesised de novo from cholesterol in the brain [17].
Most 17β-oestradiol signalling occurs through two receptors, oestrogen receptor alpha
(ERα) and beta (ERβ), which, in addition to being expressed in the breast and hormone
receptor positive breast cancer, are distributed throughout regions important in learning,
memory and executive function, such as the hypothalamus, amygdala, hippocampus
and dorsolateral prefrontal cortex [18–20]. Aromatase, an enzyme that catalyses the con-
version of androgens to oestradiol, is widely distributed throughout the cerebral cortex,
hippocampus, hypothalamus and midbrain [21,22]. Changes in aromatase activity due
to pharmacological inhibition can therefore influence local oestradiol synthesis and sig-
nificantly influence cognitive function [22]. For instance, in rat models, pharmacologi-
cal inhibition of aromatase has been demonstrated to reduce dendritic spine density on
synapses in the hippocampus and influence axonal growth [21,23]. Similarly, in rat models,
spatial working memory has been demonstrated to be impaired by oophorectomy [24],
and improved by oestradiol replacement [25,26]. Oestradiol also modulates multiple other
neurotransmitters, such as noradrenaline, dopamine, 5-hydroxytryptamine, acetylcholine
and gamma-aminobutyric acid, which can influence cognition [25,27].

Certain cognitive processes are particularly sensitive to the effects of oestradiol, likely
due to the distribution of oestrogen receptors and aromatase within the brain. These
processes include verbal memory, which is influenced by hippocampal function [28], and
executive functions, such as response inhibition, working memory, problem solving, rea-
soning and behavioural monitoring, which are mediated primarily through the prefrontal
cortex [29].

These findings in animal models have been supported by human studies using func-
tional neuroimaging. For instance, using fluorodeoxyglucose positron emission tomogra-
phy (FDG PET), Eberling et al. (2004) studied cerebral function in postmenopausal women
receiving tamoxifen (n = 10), healthy postmenopausal women without breast cancer receiv-
ing hormone replacement therapy (n = 15) and healthy controls (n = 15). They observed
that tamoxifen use was associated with decreased glucose metabolism in the dorsolateral
and inferior frontal lobes, while hormone replacement therapy was associated with the
highest metabolism in the three groups [30]. In another case-control study, 35 women
with breast cancer receiving an aromatase inhibitor and 35 healthy controls underwent
detailed neuropsychological testing and FDG PET at baseline prior to commencing aro-
matase inhibition and 6 months after commencement. While no significant changes in
cognition were observed, there were significant changes in metabolic activity in the patients
receiving aromatase inhibitors, particularly in the medial temporal lobes [31]. This finding
is in keeping with the animal models that have demonstrated the high concentration of
aromatase in the hippocampus [21]. Furthermore, in a randomised controlled trial in
which perimenopausal and postmenopausal women were randomised to oestradiol for
12 weeks or placebo, those receiving oestradiol demonstrated greater frontal lobe activity
on functional magnetic resonance imaging during verbal and spatial working memory
tasks [32]. Finally, in multiple human studies, oestrogen replacement therapy has been
demonstrated to improve verbal memory and executive function [27,29].

3.2. Evaluating Cognitive Function in Clinical Studies

The gold standard objective measure of cognitive function is neuropsychological
testing, however this is labour intensive and can be difficult to implement outside of
a research setting. Neuropsychological testing is conducted by trained researchers or
neuropsychologists, and involves performing a battery of tests, where more than one test
per cognitive domain is employed to heighten the reliability of results. Neuropsychological
test results have been shown to correlate with daily functioning: the greater the number of
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cognitive domains impacted, the greater the impact on daily functioning [33]. In addition,
neuropsychological testing can predict functional recovery after a cognitive insult and
assess objective responses to treatment [33]. Despite the utility of these tests, changes in
performance can occur due to random variation, practice effects or confounders, such
as poor sleep, low mood or intercurrent illness, and certain cognitive measures, such as
episodic memory and problem solving, are more vulnerable to these effects than other
cognitive domains [33].

In contrast, self-reported cognitive function is a clinically significant outcome, which
is distinct from objective measures of neuropsychological function. Rather than being
associated with objective neuropsychological test results, self-reported cognitive function
has been shown to be associated with anxiety, depression and fatigue [34]. There is
substantial variability in questionnaires that assess self-reported cognitive function. For
example, multiple studies have used only general quality of life measures, while others have
used a range of validated questionnaires that are specific to cognitive function. Commonly
used measures include the EORTC QLQ-C30, which only contains two questions that
pertain to cognitive function, the Functional Assessment of Cancer Therapy Cognitive
Function Instrument (FACT-Cog) and the Cognitive Failures Questionnaire [35–37]. In
addition, a small number of studies have developed their own questionnaires or interviews.

3.3. Cognitive Dysfunction Associated with Endocrine Therapy

As shown in Table 1, most articles investigated women with early-stage breast cancer
(n = 21); one studied women with either early or advanced breast cancer, three investi-
gated those with advanced breast cancer and one investigated women with carcinoma
in situ. Three studies examined women who did not have breast cancer but were at
high risk of developing breast cancer and were receiving risk reducing endocrine therapy.
A wide variety of cognitive domains have been studied using both neuropsychological
testing and self-reported questionnaires evaluating cognitive symptoms, as detailed in
Table 2. Overall, there is no difference in the global measures of cognition with endocrine
therapy [19,38–41], however impairments are reported in specific domains, including
memory [42–44], particularly verbal memory [16,42,45–50] as opposed to visual mem-
ory [16,19,42,45,48–51] or working memory [16,38,45,47–49,51], and fluency [16,47,51].
Five authors found that endocrine therapy was associated with impaired processing
speed [43,45–48], while four reported no difference [16,44,49,50]. Other domains appear
not to be affected by the use of endocrine therapy, including attention, executive function,
language, motor function, psychomotor efficiency and visuospatial ability.

Two of the largest studies conducted have been multi-centre randomised controlled
trials in postmenopausal women. In the Co-STAR trial, Danhauer et al. randomised
1479 women at high risk of developing breast cancer to receive tamoxifen or raloxifene [39].
Annual neuropsychological testing and depression screening tools were completed, and
women were followed for up to five years. No difference in the cognitive outcomes was
found between the two groups. In the NSABP B-35 trial, 1193 postmenopausal women
with hormone receptor positive ductal carcinoma in situ were randomised to tamoxifen
or anastrozole [52]. Self-reported questionnaires examining quality of life and depression
were completed every six months for six years. Similarly, no difference in self-reported
cognitive function was observed between the treatment groups. However, neither of these
trials included a control group, so a true difference between treatment and control may
have been missed.
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Table 1. Studies of the impact of endocrine therapy on cognition in women at high risk of breast
cancer, with invasive breast cancer or breast carcinoma in situ.

Authors Population Study
Design Methods Results

Bender 2015
[53]

Postmenopausal women
with EBC receiving
chemotherapy plus

anastrozole (n = 114),
anastrozole (n = 173) or

control (n = 110).

Prospective
cohort

Neuropsychological testing
performed prior to

treatment, and at 6, 12 and
18 months after starting

treatment.

Anastrozole was associated with
significantly poorer executive

function, visual working memory
and concentration vs.

controls. No differences were
noted between groups in verbal

memory, mental flexibility,
psychomotor efficiency

or attention.

Berndt 2016 [42]

Postmenopausal women
with EBC receiving

tamoxifen alone (n = 22),
AI only (n = 22), switch

from
tamoxifen to an AI (n = 15)

and only local therapy
(n = 21).

Case-
control

Neuropsychological testing
performed on one occasion.

ET was associated with
significantly worse memory scores

vs. no systemic therapy.
Tamoxifen or tamoxifen followed

by AI was
associated with significantly

improved attention vs. AI alone.
No differences in executive

function were found
between groups.

Biro 2019
[19]

Women with EBC receiving
adjuvant tamoxifen (n = 13)

or AI (n = 17) or no ET
(n = 15).

Prospective
cohort

Neuropsychological testing
and QoL questionnaire
conducted after surgery,

then at 6, 12 and 24 months
after treatment

commencement.

No significant differences in
cognition between those receiving

ET or observation.

Boele 2015 [16]

Postmenopausal women
with EBC receiving
adjuvant tamoxifen

(n = 20), no
adjuvant systemic therapy
(n = 43) or healthy controls

(n = 44).

Case-
control

Neuropsychological testing
and questionnaires

evaluating cognitive
symptoms,

depression, anxiety and
self-reported HRQoL

measured on one occasion.

Tamoxifen was associated with
poorer verbal memory and fluency,
and worse self-reported cognitive
functioning. Higher HRQoL was

associated with improved
processing and
reaction speed.

Buchanan 2015
[14]

2296 women with EBC or
in situ breast carcinoma
receiving chemotherapy
alone (n = 288), ET alone
(n = 822), chemotherapy

and ET (n = 859) or neither
therapy (n = 327). Type of

ET received was not
described.

Case-
control

Participants completed a
survey via paper or
computer assisted

telephone interview on one
occasion.

ET alone was associated with
increased odds of experiencing
neurocognitive symptoms (OR
1.64, 95% CI 1.15–2.33) vs. no

systemic therapy.

Collins 2009
[45]

Postmenopausal women
with EBC receiving

tamoxifen (n = 31) or
anastrozole (n = 14) and
healthy controls (n = 28).

Prospective
cohort

Participants underwent
neuropsychological testing

around the time of
commencing ET, and

5–6 months later.

Overall cognition, processing
speed and verbal memory
declined significantly after

commencing either tamoxifen or
anastrozole vs. control.

Chen 2014 [46]

Premenopausal women
with EBC receiving

tamoxifen (n = 47), not
receiving tamoxifen
(n = 45) and healthy

controls (n = 50).

Case-
control

Participants performed
tasks to assess decision

making ability and
neuropsychological testing.
Participants had received

>12 months of
tamoxifen prior to testing.

Tamoxifen was associated with
significantly

impaired memory, information
processing

performance and impaired
decision-making abilities vs. those

not receiving
tamoxifen, or controls.
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Table 1. Cont.

Authors Population Study
Design Methods Results

Chen 2017 [54]

Premenopausal women
with EBC receiving

tamoxifen (n = 43), only
local therapies (n = 41) and
healthy controls (n = 46).

Case-
control

Participants completed an
attention network test and

neuropsychological
testing.

Tamoxifen was associated
with significant

impairments in executive control
vs. those not receiving tamoxifen

and controls. There were no
differences in alertness or

orientation
between the groups.

Chen 2017 [55]

Premenopausal women
with EBC receiving

tamoxifen (n = 31) and
healthy controls (n = 32).

Case-
control

Participants completed
testing of working memory

and underwent
resting-state fMRI.

Tamoxifen was associated with
significant

deficits in working memory
and lower

functional connectivity of the right
dorsolateral prefrontal cortex with

the right hippocampus vs.
healthy controls.

Danhauer 2013
[39]

Postmenopausal women at
increased risk of breast
cancer randomised to

receive tamoxifen (n = 727)
or raloxifene (n = 752).

RCT

Neuropsychological
testing, and testing for

depression and affect was
performed annually.

No difference observed in
cognitive test results between

tamoxifen and raloxifene.

Ganz 2016 [52]

Postmenopausal women
with DCIS or mixed DCIS
and LCIS, randomised to

receive tamoxifen (n = 601)
or anastrozole (n = 592).

RCT

Symptom checklist
assessing cognitive

symptoms was completed
at baseline, and every

6 months until the end of
treatment.

No difference in cognitive
symptoms between tamoxifen and

anastrozole.

Harbeck 2016
[56]

Pre and postmenopausal
women with MBC

receiving palbociclib +
fulvestrant (n = 347) or

placebo +
fulvestrant (n = 174).

RCT

QoL questionnaires were
performed on day 1 of

cycles 1–4, then day 1 of
every other subsequent

cycle from cycle 6 and at
the end of treatment.

There was no significant difference
in cognitive symptoms between

the two groups.

Hedayati 2012
[43]

Pre and postmenopausal
women with EBC receiving
chemotherapy (n = 18), ET

(n = 45; 12 received
anastrozole and 33

tamoxifen), no adjuvant
medical therapy (n = 14),

and healthy controls
(n = 69).

Prospective
cohort

Neuropsychological testing
conducted at baseline prior
to treatment, after surgery,
after adjuvant therapy and

after an additional
3 months of follow up.

ET was associated with prolonged
processing speed, reduction in

attention and memory and slower
response speed, compared to

healthy controls.

Jenkins 2008
[40]

Postmenopausal women at
high risk of developing
breast cancer receiving
anastrozole (n = 111) or

placebo (n = 116).

RCT

Cognitive assessments
performed prior to

randomisation, at 6 and
24 months. Self-reported

cognitive
complaints and

psychological symptoms
were also measured.

No significant differences between
the groups for any cognitive tasks.

Kahan 2021 [57]

Postmenopausal women
with MBC resistant to AIs
receiving palbociclib plus
exemestane or fulvestrant
(n= 268) or capecitabine

(n = 269).

RCT

QoL questionnaires were
measured at baseline,

every 2 cycles for the first
7 cycles, then every
3 cycles until end of

treatment, and at the 1st
post-treatment visit.

Self-reported cognitive
functioning was

significantly better in palbociclib +
ET arm vs. capecitabine (HR 0.70,

95% CI 0.54–0.89).
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Table 1. Cont.

Authors Population Study
Design Methods Results

Kaufman 2020
[58]

Pre and postmenopausal
women with MBC who
had progressed after ET,

randomised to abemaciclib
+ fulvestrant (n = 446) or

fulvestrant (n = 223).

RCT

QoL questionnaires were
measured at baseline, cycle
2, every 2 cycles from 3–13,

then every 3 cycles, and
30 days after completing

treatment.

Self-reported cognitive functioning
was significantly improved in

abemaciclib plus fulvestrant arm
vs. placebo plus fulvestrant (HR

0.73, 95% CI 0.57–0.92).

Le Rhun 2015
[38]

Postmenopausal women
with EBC receiving

adjuvant tamoxifen (n = 37)
or AI (n = 37).

RCT

Neuropsychological
assessments and

self-reported quality of life
questionnaires were

completed at baseline,
before ET and at 6 and

12 months.

No difference between treatments
in global

cognitive functioning, episodic
memory,

working memory, psychomotor
speed or

executive function.

Legault 2009
[41]

Healthy postmenopausal
women at increased risk of

breast cancer receiving
tamoxifen (n = 733) or
raloxifene (n = 765).

RCT

Neuropsychological testing
performed at baseline
(either before or after

starting treatment), and at
1 and 2 year follow up.

No significant differences in
cognitive performance between

the two groups.

Lejbak 2010 [51]

Postmenopausal women
with EBC receiving

adjuvant tamoxifen or
anastrozole (n = 28) and
healthy controls (n = 37).

Case-
control

Neuropsychological testing
and self-reported

questionnaires completed
on 1

occasion, after at least
12 months of ET.

ET was associated with impaired
letter fluency, complex visuomotor

attention and speeded manual
dexterity. No difference noted in
verbal or object location memory,

spatial ability,
confrontation naming, sematic

fluency, visual memory and
working memory.

Mandelblatt
2020 #

[59]

Postmenopausal women
with EBC receiving ET

alone (n = 249),
chemotherapy ± ET
(n = 99) and healthy

controls (n = 340). Type of
ET was not described.

Prospective
cohort

Self-reported cognitive
function and

questionnaires performed
at baseline, 1, 2 and 3 years.

Cognitive problems were
significantly more

frequent in those receiving
chemotherapy or ET vs. controls,

but not after adjustment for
multiple comparisons.

Mandelblatt
2018 #

[44]

Postmenopausal women
with EBC receiving ET
alone (n = 237; majority

AIs),
chemotherapy ± ET
(n = 94) and healthy

controls (n = 347). Type of
ET was not described.

Prospective
cohort

Neuropsychological testing
and self-reported

questionnaires were
performed at baseline, and

at 1 and 2 years. ApoE
genotyping was also

performed.

ET was associated with
significantly less

improvement in learning
and memory

performance at 1 year vs. the other
groups, but

improved by 2 years. This effect
was largely confined to women

who were ApoE ε4+. No difference
in self-reported cognition between

ET vs. control.

Merriman 2017
[60]

Postmenopausal women
with EBC receiving

anastrozole alone (n = 158),
chemotherapy +

anastrozole (n = 104), and
healthy controls (n = 106).

Prospective
cohort

Self-reported cognitive
function was assessed

using questionnaires at
baseline prior to any

treatment, after completing
chemotherapy prior to

anastrozole, then
6 monthly for a total of 4

assessments.

No difference in self-reported
cognitive

symptoms between those
receiving ET alone and controls.
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Table 1. Cont.

Authors Population Study
Design Methods Results

Morales 2004
[61]

Postmenopausal women
with EBC/MBC

randomised to tamoxifen
(n = 49), AI (n = 28),
blinded treatment

(tamoxifen or letrozole,
n = 67) or 2nd line AI after

tamoxifen (n = 20).

RCT Self-reported questionnaire
at baseline, 1 and 3 months.

No difference in
self-reported memory

difficulties between groups.

Palmer 2008
[47]

Premenopausal women
with EBC receiving

tamoxifen (n = 23) and
healthy controls (n = 23).

Case-
control

Neuropsychological testing
performed on 1 occasion
after at least 30 days of

tamoxifen use.

Tamoxifen was associated with
impaired visual memory, verbal

fluency, immediate verbal memory,
visuo-spatial ability and

processing speed compared
to controls.

Shilling 2003
[48]

Women with EBC receiving
tamoxifen and/or

anastrozole (n = 94) and
healthy controls (n = 35).

Case-
control

Neuropsychological testing
and cognitive

questionnaires were
performed at one

time point.

Verbal memory and processing
speed were

significantly lower in patients vs.
controls. No difference in visual

memory or working memory.

Schilder 2010 +

[49]

Postmenopausal women
with EBC randomised to

tamoxifen (n = 80) or
exemestane (n = 99) and

healthy controls (n = 120).

RCT

Neuropsychological
assessments and

questionnaires were
performed prior to

treatment and after 1 year
of treatment.

Tamoxifen was associated with
significantly poorer verbal

memory and executive function vs.
controls. There was no difference

in visual memory, information
processing speed, manual motor

speed, verbal fluency, reaction
speed or working memory with

tamoxifen vs. controls. Processing
speed and executive functioning

was significantly lower with
tamoxifen vs.

exemestane. There were no
differences in any cognitive

measures between exemestane
vs. controls.

Schilder 2012 +

[34]

Postmenopausal women
with EBC receiving

tamoxifen (n = 80) or
exemestane (n = 99) and

healthy controls (n = 120).

RCT

Self-reported cognitive
functioning assessed at

baseline, prior to treatment
and after 1 year of

treatment.

The prevalence of difficulties in
attention and concentration was
increased in tamoxifen users at

1 year.

Underwood
2019
[50]

Postmenopausal women
with EBC receiving

tamoxifen (n = 5) or AI
(n = 37).

Prospective
cohort

Neuropsychological testing
performed within 14 days

of starting ET, and after
1 year of treatment.

Verbal memory performance
declined significantly after 1 year

of treatment. There was no
significant difference in

other cognitive
functions (visual memory,

processing speed,
executive function or perceptual

reasoning).
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Table 1. Cont.

Authors Population Study
Design Methods Results

Wagner 2020
[62]

Pre and postmenopausal
women with EBC and

21-gene recurrence score of
11–25, receiving

chemotherapy + ET
(n = 218) or ET (n = 236;

58% AI and 37% tamoxifen
initially).

RCT
Questionnaire performed
at baseline, 3, 6, 12, 24 and

36 months.

Self-reported cognitive
performance was lower in both
treatment groups compared to
baseline, and more impaired in

those receiving
chemotherapy + ET vs. ET alone.

Abbreviations: AI, aromatase inhibitor; DCIS, ductal carcinoma in situ; EBC, early stage breast cancer; ET,
endocrine therapy; fMRI, functional magnetic resonance imaging; HR, hazard ratio; HRQOL, health-related
quality of life; LCIS, lobular carcinoma in situ; MBC, metastatic breast cancer; QoL, quality of life; RCT, and
randomised controlled trial. #, these two manuscripts are derived from the same cohort; +, these two manuscripts
are derived from the same cohort.

Table 2. Impact of endocrine therapy on specific cognitive domains.

Cognitive Domain Impaired with Endocrine Therapy No Difference with Endocrine Therapy

Attention and concentration Bender 2015 [53], Hedayati 2012 [43], Lejbak
2010 [51]

Bender 2015 [53], Chen 2014 [46], Chen 2017 [54],
Mandelblatt 2018 [44]

Executive function Bender 2015 [53], Chen 2014 [46], Chen 2017
[54], Schilder 2010 [49]

Berndt 2016 [42], Boele 2015 [16], Collins 2009
[45], Le Rhun 2015 [38], Mandelblatt 2018 [44],

Underwood 2019 [50]

Fluency Boele 2015 [16], Lejbak 2010 [51], Palmer
2008 [47] Schilder 2010 [49]

General memory Berndt 2016 [42], Hedayati 2012 [43],
Mandelblatt 2018 [44]

Language Collins 2009 [45], Lejbak 2010 [51]
Mental flexibility Bender 2015 [53]

Motor function Lejbak 2010 [51] Boele 2015 [16], Collins 2009 [45], Palmer
2008 [47], Schilder 2010 [49]

Overall cognition Collins 2009 [45] Biro 2019 [19], Le Rhun 2015 [38], Danhauer 2013
[39], Jenkins 2008 [40], Legault 2009 [41]

Processing speed Collins 2009 [45], Chen 2014 [46], Hedayati
2012 [43], Palmer 2008 [47], Shilling 2003 [48]

Boele 2015 [16], Mandelblatt 2018 [44], Schilder
2010 [49], Underwood 2019 [50]

Psychomotor efficiency Bender 2015 [53], Le Rhun 2015 [38]
Reaction speed Hedayati 2012 [43] Boele 2015 [16], Schilder 2010 [49]

Self-reported cognitive
functioning

Boele 2015 [16], Buchanan 2015 [14], Schilder
2012 [34], Wagner 2020 [62]

Ganz 2016 [52], Mandelblatt 2020 [59],
Mandelblatt 2018 [44], Merriman 2017 [60],

Morales 2004 [61]

Verbal memory

Berndt 2016 [42], Boele 2015 [16], Collins
2009 [45], Chen 2014 [46], Palmer 2008 [47],

Shilling 2003 [48], Schilder 2010 [49],
Underwood 2019 [50]

Bender 2015 [53], Le Rhun 2015 [38], Lejbak
2010 [51]

Visual memory Palmer 2008 [47]
Berndt 2016 [42], Biro 2019 [19], Boele 2015 [16],
Collins 2009 [45], Lejbak 2010 [51], Shilling 2003

[48], Schilder 2010 [49], Underwood 2019 [50]
Visuospatial ability Palmer 2008 [47] Biro 2019 [19], Collins 2009 [45], Lejbak 2010 [51]

Working memory Bender 2015 [53] Chen 2017 [55]
Boele 2015 [16], Collins 2009 [45], Le Rhun 2015
[38], Lejbak 2010 [51], Palmer 2008 [47], Shilling

2003 [19], Schilder 2010 [49]

3.4. Frequency of Cognitive Dysfunction

Overall, limited data have described the frequency of objective or subjective cognitive
dysfunction associated with endocrine therapy. Objective deficits using neuropsychological
testing have been reported to occur in 32% to 64% of persons receiving endocrine ther-
apy [42,45], while self-reported cognitive symptoms have been reported in 45% of patients
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in one study [14]. The frequency reported varies owing to differences in testing methods,
sample population studied, types of endocrine therapies used and confounders, such as
prior chemotherapy use or comorbid psychological conditions. Existing data suggest that
cognitive symptoms are less frequent with endocrine therapy compared to chemother-
apy, for example in a survey of over 2000 women, there was a much stronger association
between chemotherapy use and neurocognitive symptoms than endocrine therapy use
(adjusted OR 5.63, 95% CI 3.52–9.00 with chemotherapy alone compared to adjusted OR
1.64, 95% CI 1.15–2.33 for endocrine therapy alone) [14]. Few studies have explored how
cognitive function differs between different types of endocrine therapy. Using validated
neuropsychological tests, Collins et al. (2009) compared 31 women receiving tamoxifen
against 14 women receiving anastrozole and 28 healthy controls. They observed that overall
cognition and verbal memory was more impaired in those receiving anastrozole compared
to tamoxifen, while processing speed was similarly impaired in the two treatment groups
compared to controls [45]. Similarly, Berndt et al. (2016) compared those receiving tamox-
ifen (n = 22), an aromatase inhibitor (n = 22), local therapy only (n = 21) and those switching
from tamoxifen to an aromatase inhibitor (n = 15), and on post hoc analyses, observed that
those receiving aromatase inhibitors performed worst in tests of general memory, verbal
memory and attention [42]. In contrast, Schilder et al. (2010) compared those receiving
tamoxifen (n = 80) against those receiving exemestane (n = 99), and noted that tamoxifen
use was associated with significantly slower processing speed and executive functioning
compared to exemestane, but there was no difference in verbal, visual or working memory,
manual motor speed, verbal fluency or reaction speed [49].

Three recent studies assessed the self-reported cognitive function in those receiving
CDK4/6 inhibitors combined with endocrine therapy. In the MONARCH 2 trial, which
compared abemaciclib plus fulvestrant to placebo plus fulvestrant in women with hormone
receptor positive, HER2 negative advanced breast cancer, self-reported that cognitive
functioning was significantly improved with abemaciclib plus fulvestrant compared to
placebo plus fulvestrant (HR 0.73, 95% CI 0.57–0.92) [58]. Similarly, in the PEARL study,
which compared palbociclib plus endocrine therapy to capecitabine in postmenopausal
women with hormone receptor positive metastatic breast cancer, self-reported that cognitive
functioning was significantly better in the palbociclib plus endocrine therapy arm compared
to the capecitabine arm (HR 0.70, 95% CI 0.54–0.89) [57]. In contrast, no difference in
cognitive function was observed in the PALOMA 3 trial, which compared palbociclib plus
fulvestrant to placebo plus fulvestrant [56]. Each of these trials used two questions from the
European Organisation for Research and Treatment of Cancer Quality-of-Life Questionnaire
Core-30 (EORTC QLQ-C30) to assess self-reported cognitive symptoms, which only enabled
a limited assessment of perceived cognitive function. These studies raise the hypothesis
that CDK 4/6 inhibitors may ameliorate the cognitive symptoms of endocrine therapies,
but more research using objective neuropsychological testing and longitudinal follow up is
required to confirm this.

3.5. Risk Factors for Cognitive Dysfunction

Risk factors for cognitive dysfunction with endocrine therapy include lower cogni-
tive reserve, lower educational status, increasing age, ethnicity, depression, fatigue and
anxiety [14,34,63–65]. In contrast, those with higher education or more demanding jobs
are more likely to notice subtle differences in cognitive function and to discuss their cog-
nitive difficulties with health care providers and receive treatment [14]. One article did
not find any association between self-reported cognitive dysfunction and menopausal
status [62], while another observed an association between treatment induced menopause
and self-reported cognitive dysfunction [14].

The APOE ε4 allele is well known to be associated with an increased risk of developing
Alzheimer’s disease [66]. In a longitudinal cohort study of postmenopausal women with
early breast cancer receiving either adjuvant chemotherapy and anastrozole or adjuvant
anastrozole alone, Koleck et al. (2014) assessed whether there was any correlation with
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cognitive function and APOE genotype [67]. They observed that in women receiving
anastrozole alone, those who were homozygous or heterozygous for the APOE ε4 allele
exhibited significantly poorer executive function, learning and memory after commencing
anastrozole. There was no significant interaction between APOE ε4 and cognition in the
chemotherapy plus anastrozole group.

3.6. Management of Endocrine Therapy-Associated Cognitive Dysfunction

Given the improvement in mortality attributable to breast cancer, there is increasing
research into how to best manage cognitive side effects of cancer therapy in order to im-
prove survivors’ quality of life. Nonpharmacological strategies have the most evidence for
treating cognitive dysfunction due to endocrine therapy, however the evidence base is small
and extrapolations from research conducted in those with cognitive impairment due to
other aetiologies is required. For instance, numerous studies in patients with mild cognitive
impairment have demonstrated positive effects of exercise on cognition, with mechanisms
involved, including reducing pro-inflammatory cytokines, improving brain derived neu-
rotrophic factor concentrations and improving cerebral blood flow regulation [68]. Similarly,
a recent systematic review examined the effect of exercise on cognitive function in patients
with mixed early-stage cancers and found that exercise conferred benefit [69]. Benefits were
observed with both aerobic and anaerobic exercise, and across a range of intervention types.
Most of the studies that reported a benefit with exercise used self-reported measures of cog-
nitive symptoms, which may be biased by expectations of benefit due to the intervention,
and only 3 of 10 trials that used neuropsychological testing reported a significant effect of
exercise. In addition, few trials examining the impact of exercise assessed cognition as a
primary outcome. Data regarding exercise in persons with endocrine therapy-associated
cognitive dysfunction are limited. Rogers et al. (2009) performed a randomised controlled
trial of a physical activity behaviour change intervention for 41 women with breast cancer
who were receiving an aromatase inhibitor or selective oestrogen receptor modulator and
observed no difference in self-reported cognitive functions after the intervention [70]. This
behaviour change intervention involved regular group sessions with a clinical psychol-
ogist, and individual exercise training sessions with an exercise specialist. In contrast,
Hartman et al. (2018) conduced a randomised controlled trial of exercise in breast cancer
survivors who had previously received chemotherapy and/or radiotherapy. In total, 61 of
87 (70.1%) participants received adjuvant endocrine therapy during the trial. The authors
evaluated both self-reported and objective cognitive functioning and observed that the
exercise intervention did not affect self-reported cognition, but significantly improved
processing speed [71].

Cognitive rehabilitation has shown promise as a potential treatment for cancer-related
cognitive impairment. Cognitive rehabilitation refers to behavioural interventions targeted
at improving cognitive and functional performance and includes cognitive training and cog-
nitive behavioural therapy [72]. A systematic review of 19 studies of cognitive rehabilitation
in any type of cancer (excluding central nervous system malignancies) found that all studies
reported improvements on at least one self-reported or objective cognitive measure [72]. Of
interest, objective improvements were most often reported in memory, executive function
and processing speed (memory and processing speed being vulnerable to endocrine ther-
apy). These benefits have also been confirmed in populations receiving endocrine therapy.
For example, Bray et al. (2017) conducted a randomised controlled trial of cognitive reha-
bilitation in 242 adult cancer survivors with persisting cognitive symptoms. While tumour
types other than central nervous system malignancies were included, the majority (89%) of
participants had breast cancer. All patients had previously received chemotherapy and 70%
of women were receiving endocrine therapy. Participants were randomised to a 15-week
home-based intervention or standard care and the primary outcome was differences in the
perceived cognitive impairment subscale of the FACT-Cog. The authors observed a signifi-
cant reduction in perceived cognitive impairment after completing the intervention, which
was sustained six months afterwards. Those receiving the intervention also demonstrated
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significantly lower levels of anxiety, depression, stress and fatigue, and improved quality of
life. There was no significant difference in neuropsychological test results at any time point.
Similarly, Myers et al. (2020) conducted a non-randomised controlled pilot trial of cognitive
rehabilitation in 61 female survivors of breast cancer with cognitive complaints 2 months
to 5 years after chemotherapy. In this trial, all subtypes of breast cancer were included, and
38 participants (62.3%) were receiving endocrine therapy during the intervention. They
provided a cognitive rehabilitation intervention in a group setting both in-person and via
telehealth and assessed self-reported cognitive function. The participants receiving the
intervention demonstrated significantly improved self-reported cognitive function at the
end of the intervention, which was maintained at 6 and 12 months [73].

There is very limited high-quality data to inform the role of pharmacotherapy in
managing cognitive side effects of treatment. A double blind randomised controlled trial
evaluated coenzyme Q10, an antioxidant, in 30 women with breast cancer receiving ta-
moxifen using the self-reported EORTC QLQ-C30 [74]. They observed that coenzyme Q10
significantly improved self-reported cognitive functioning compared to placebo (p = 0.023),
however the absolute change with treatment between groups was only 1.55 points on a
100-point scale, which is not clinically significant. Other agents, such as donepezil, fluoxe-
tine and cotinine, a metabolite of nicotine, were studied in animal models of cancer-related
cognitive impairment associated with chemotherapy and demonstrated benefit [75–77].
However, several studies in humans with cancer-related cognitive impairment demon-
strated that pharmacotherapy confers no benefit. These include studies of erythropoietin,
donepezil and paroxetine [78–81]. There is mixed evidence regarding psychostimulant
use: two studies of modafinil and one of methylphenidate demonstrated improvements in
objective cognitive measures [82–84], while three studies did not [85–87]. Many of these
psychostimulant studies assessed fatigue as a primary outcome, rather than cognitive
function, and further trials are warranted to confirm whether there is benefit. In addition,
it is possible that therapies which are shown to work for chemotherapy-related cognitive
dysfunction may not be efficacious for cognitive dysfunction due to endocrine therapy.

Preclinical studies are helping to explore novel means of reducing cognitive dys-
function associated with endocrine therapy. For example, Chen et al. (2013) used mouse
models to explore the effects of tamoxifen on neural structure and function [88]. They
demonstrated in vitro that exposure to tamoxifen caused cell death of oligodendrocyte
and glial precursor cells and oligodendrocytes. They also demonstrated that MEK1/2
inhibition prevented tamoxifen-induced cell death, while simultaneously increasing the
sensitivity of a breast cancer cell line to tamoxifen. In vivo, tamoxifen caused cell death in
the corpus callosum, and reduced cell division in the corpus callosum, subventricular zone
and hippocampal dentate gyrus, and concurrent MEK1/2 inhibition reduced cell death in
the corpus callosum, but did not alter cell division in the aforementioned regions. While
MEK inhibitors have not been effective in breast cancer to date, conceptually this article
highlights that targeted therapies used in combination with endocrine therapy may have
unexpected cognitive benefits. Given the close relationship between the PI3K-AKT-mTOR
pathway and the RAS-RAF-MEK-ERK pathway, we await data on whether alpelisib, a PI3K
inhibitor approved for treatment of metastatic hormone receptor positive breast cancer in
combination with fulvestrant, affects cognition.

4. Discussion

There remain numerous barriers to optimal diagnosis and treatment of cognitive
dysfunction associated with endocrine therapy. Under-diagnosis and under-treatment of
endocrine therapy-related cognitive dysfunction is very common. A variety of strategies
may assist in improving diagnosis of endocrine therapy-related side effects. These include
educating clinicians about the effects of endocrine therapy on cognitive function, and to be
particularly aware of this side effect in women who have multiple risk factors for cognitive
dysfunction, such as advanced age, low baseline cognitive reserve, low mood or anxiety.
Symptoms should be proactively assessed for on a regular basis by clinicians. Given a



Cancers 2022, 14, 920 13 of 18

major barrier to diagnosis is the lack of discussion about cognitive side effects, survivorship
clinics can offer a supportive environment for patients to discuss side effects more readily
with clinicians. Prior to commencing endocrine therapy, health care providers should also
discuss potential cognitive side effects; this discussion may enable patients to recognise and
report these side effects more readily. Screening tools can also be of use in improving early
detection and treatment and could easily be completed by patients prior to their follow
up appointments. However, to date, an optimal screening tool for early detection, nor
data on the optimal intervention or benefits of early intervention do not exist. Tools, such
as the FACT-Cog, a patient reported outcome measure that takes 15–20 min to complete,
are easy to utilise, but given the poor correlation of self-reported deficits with objective
cognitive deficits, other more objective methods of testing cognitive domains affected by
endocrine therapy should be considered. However, these objective measures require more
time and resources.

When women develop cognitive side effects, the severity and nature of deficits should
be characterised. Endocrine therapy can have direct effects on cognition by influencing
oestradiol signalling, as described above, but also indirect effects on cognition mediated by
the presence of other side effects. For instance, endocrine therapy is commonly associated
with fatigue, sleep disturbance, depression and anxiety, which may all negatively impact
one’s cognitive function. Furthermore, the presence of cognitive dysfunction may nega-
tively influence these side effects. When evaluating patients with complaints of cognitive
dysfunction, clinicians therefore need to be cognisant of assessing how these other side
effects interplay with the person’s cognitive function and treat these comorbidities appropri-
ately. Referral for formal neuropsychological assessment is recommended where cognitive
dysfunction is causing significant impact on quality of life or daily functioning, failing to
respond to initial treatment, or if there is diagnostic uncertainty. All women should be
recommended to engage in exercise given its likely benefits and proven other benefits. For
some women experiencing mild symptoms, education regarding cancer-related cognitive
impairment and self-management can suffice. However, for women experiencing severe
side effects, an engagement in formal cognitive rehabilitation should be encouraged if
available. Ultimately clinicians may need to discuss the risks and benefits associated with
stopping endocrine therapy, and for some patients, taking a break from endocrine therapy
or changing to an alternative type of endocrine therapy may be warranted.

Further research evaluating the multi-modal interventions, employing both evidence-
based cognitive rehabilitation interventions and exercise, would be of great benefit. In
addition, the development of a simple screening tool that is sensitive for endocrine therapy-
related cognitive dysfunction would be very helpful in aiding early diagnosis and treatment.
Ideally, this tool would assess both self-reported cognitive symptoms, and objective mea-
sures of cognitive performance, particularly memory. The International Cognition and
Cancer Task Force developed a range of recommendations for future research, including
advising the use of objective neuropsychological testing, outlining recommended neuropsy-
chological tests and detailing methodology for determining the frequency of cognitive
impairment [89]. It is encouraging to see the incorporation of overall quality of life measure-
ments in many of the recent pivotal trials of endocrine therapy, however the incorporation
of specific cognitive assessments into the design of new studies is also required to address
this important and under-reported treatment associated toxicity. While neuropsychological
testing is the gold standard for diagnosis of cognitive impairment, it remains important
for future trials to measure patient reported outcomes and functional status, as improve-
ments in these measures may still improve quality of life and daily functioning. Future
research exploring the dynamics of endocrine therapy-associated cognitive dysfunction in
a longitudinal fashion is required. For instance, it is currently unknown whether endocrine
therapy causes permanent changes to brain structure or function, or whether cognition
returns to baseline function after cessation of therapy. For some patients, the permanency
of cognitive dysfunction may be a significant factor in influencing their willingness to
complete therapy. Similarly, further research exploring whether cognitive dysfunction is
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cumulative is important, given the extended duration of endocrine therapy that is being
used at present.

5. Conclusions

Cognitive dysfunction associated with endocrine therapy remains underdiagnosed
and undertreated, despite the substantial impact it can have on patients’ quality of life, ad-
herence and oncological outcomes. It is important that clinicians proactively seek and treat
this side effect in order to optimise treatment outcomes. While the evidence base regarding
the treatment options is currently limited, some evidence suggests that there is a benefit
with non-pharmacological therapies, specifically exercise and cognitive rehabilitation. For
women suffering from these side effects, a risk-benefit analysis is recommended, where
practitioners discuss with patients the advantages and disadvantages of ceasing endocrine
therapy, balancing the risk of recurrence against the impact of the side effects. Further
research into screening tools and management strategies is needed to better diagnose and
treat affected patients.
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