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Abstract

Background: Cognitive effects of tamoxifen have been described. We augment data from a previous short-term (ST) follow-up study
with long-term (LT) data to evaluate ST and LT cognitive effects of tamoxifen followed by exemestane and exemestane in breast can-
cer patients.

Methods: Patients from the Tamoxifen and Exemestane Adjuvant Multinational trial received 5 years exemestane (exemestane
group, n¼ 114) or 2.5 years tamoxifen followed by 2.5 years exemestane (sequential group, n¼ 92). Neuropsychological performance
was assessed pre-endocrine therapy, after 1 year (ST follow-up) and at 5 years (LT follow-up). A control group of healthy participants
(n¼ 120) were assessed with parallel intervals. With random effects modeling we evaluated cognitive changes from baseline to ST
and LT follow-up. Statistical tests were 2-sided.

Results: After controlling for age, intelligence quotient, attrition, menopausal symptoms, anxiety and/or depression, and/or fatigue,
the sequential group showed ST and LT decline compared with control participants on verbal memory (effect size [ES] ¼ 0.26, P¼ .01;
ES ¼ 0.34, P¼ .003) and executive function (ES ¼ 0.27, P¼ .007; ES ¼ 0.38, P¼ .002). Compared with the exemestane group, the sequen-
tial group demonstrated ST decline on information processing speed (ES ¼ 0.33, P¼ .01) and executive function (ES ¼ 0.32, P¼ .01) and
LT decline on verbal memory (ES ¼ 0.33, P¼ .02). The exemestane group showed no cognitive decline compared with control partici-
pants.

Conclusion: Cognitive adverse effects of tamoxifen alone and after switching to exemestane were observed, suggestive of a carryover
effect of tamoxifen. Our results underline the need for well-controlled, prospective trials studying cognitive effects of endocrine therapy.

Adjuvant endocrine therapy (ET) is standard of care in the treat-
ment of hormone receptor–positive breast cancer (BC).
Commonly, 2 types of ET are given, depending largely on the
patient’s menopausal status. Selective estrogen receptor (ER)
modulators (eg, tamoxifen) block ERs on BC cells, and aromatase
inhibitors (AIs; eg, anastrozole, exemestane, and letrozole) inhibit
production of estrogens by inactivating the enzyme aromatase in
peripheral adipose tissue. Premenopausal women often receive
tamoxifen with ovarian function suppression or an AI with ovar-
ian function suppression for 5-10 years postsurgery. In postme-
nopausal women, common treatments include 5 years of AI, 5
years of tamoxifen followed by an AI for 2-3 years, or tamoxifen
for 2-3 years followed by an AI up to 5 years (1).

ET may come with side effects. Cognitive problems are fre-
quently reported symptoms in BC patients using ET. The brain is

widely responsive to estrogens. Important areas for cognition
such as the hippocampus and frontal lobes are sensitive to estro-
gens. Therefore, downregulation of estrogen production or block-
ing its activity through ET could impact cognition (2-4).

Several observational studies and randomized controlled trials
using cognitive tests indicate that cognitive adverse effects of ET
may exist and may differ between ET agents (5-9). A recent com-
prehensive review reported frequency rates of cognitive dysfunc-
tion in 32% to 64% of patients receiving ET, with conflicting
results on the differential impact of ET types (10,11).
Unfortunately, many studies had limitations including small
sample sizes, short observation period, heterogeneity of ET and
duration of use, and interference of other potentially neurotoxic
therapies such as chemotherapy. Also, few studies have directly
examined differences in cognitive effects between ET agents
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using randomized controlled trials, and no study investigated

cognitive effects following a switch.
The current study is a neuropsychological side study of the

Tamoxifen and Exemestane Adjuvant Multinational trial in

which the impact of 5 years of adjuvant exemestane (monother-

apy) was compared with 2.5-3 years of tamoxifen followed by

2-2.5 years of exemestane (sequential treatment strategy) in

postmenopausal hormone receptor–positive early BC patients

(12,13). The neuropsychological study included only women who

did not receive chemotherapy.
In an earlier publication, short-term (ST) follow-up results of

this side study were published (14). We included data of all

patients who completed an assessment pre-ET and after 1 year of

ET use. We found that at this 1-year follow-up, thus prior to

switching, tamoxifen users (n¼ 80) performed worse on several

cognitive domains and reported more attention problems than

cancer-free participants (n¼ 120) and exemestane users (n¼ 99)

(14). Exemestane users did not differ in tested and self-reported

cognition from control participants (15).
In the current study, we augment data from the ST follow-up

(14) with data from the long-term (LT) follow-up (ie, 5 years of

exemestane monotherapy or sequential treatment of tamoxifen

followed by exemestane). To make use of the longitudinal char-

acter of this study, we will not only use data from the LT follow-

up but also use and report on data from the baseline and ST

follow-up. In addition, we used data not only from complete

cases, as we did in the prior publication (14), but from all cases.
The current study aims, therefore, to describe the cognitive

performance of BC patients using all 3 time points (eg, from pre-

ET to ST follow-up [1 year after treatment] and LT follow-up [5

years after treatment]). Self-reported outcomes (anxiety and/or

depression, menopausal symptoms, fatigue, and cognitive func-

tion) are also evaluated. This is the first study that investigates

cognitive effects of tamoxifen followed by an AI in BC patients.

Methods
Participants
Participants were Dutch postmenopausal hormone receptor–pos-

itive BC patients who participated in the Tamoxifen and

Exemestane Adjuvant Multinational trial. They were randomly

allocated to either 5 years of adjuvant exemestane (exemestane

group) (25 mg/day) or to 2.5-3 years of tamoxifen (20 mg/d) fol-

lowed by 2-2.5 years of exemestane (25 mg/day; sequential

group). Eligibility criteria have been described in detail elsewhere

(13). Briefly, patients were included if they had histologically con-

firmed adenocarcinoma of the breast and positive ER and/or pro-

gesterone receptor status and had undergone curative surgery.

Additional exclusion criteria for this side study were adjuvant

chemotherapy, insufficient command of the Dutch language,

central nervous system disease, or signs of dementia according to

a dementia screening tool (16). The control group consisted of

female friends or relatives without a cancer history of about the

same age as the patients. Control participants were included if

they had a postmenopausal status, no history of central nervous

system disease, sufficient command of the Dutch language, and

no signs of dementia according to the dementia screening tool

(16). This neuropsychological study was approved by the central

review board (Erasmus MC, Rotterdam) and the local medical

ethics committees of all participating hospitals. All participants

provided written informed consent.

Neuropsychological assessment
We used a battery of 18 cognitive tests that represents 8 cognitive
domains (see Table 1) (17-25). All scores were coded such that
higher scores indicate better performance.

Neuropsychological assessments were performed prior to start
of ET (baseline), after 1 year (ST follow-up), and at 5 years (LT fol-
low-up).

Patient-reported outcomes
The 25-item Hopkins Symptom Checklist was used to assess
anxiety and depression (26). The scale has a 1-week time frame,
and the items were rated from “not at all” (1) to “extremely” (4).
The outcome variable is the mean of all items (range ¼ 0-4). A
mean score was calculated if participants answered 20 or more
items (27,28).

The 18-item endocrine subscale of the Functional Assessment
of Cancer Therapy–Breast questionnaire was used to assess men-
opausal symptoms (29). This subscale has a 4-week time frame
and consists of 18 items scored on a 5-point scale ranging from
“not at all” (0) to “very much” (4). Outcome variable is the sum of
reversed scores (0-72) so that higher scores indicate fewer endo-
crine symptoms. A mean score was calculated if at least half of
the items were answered (30).

We used the fatigue symptom scale (3 items) and the cognitive
function scale (2 items) of the 30-item European Organization for
Research and Treatment of Cancer Quality of Life Questionnaire
C30 (EORTC QLQ-C30) version 3.0 (31,32). The scales have a 1-
week time frame, and the items were rated from “not at all” (1) to
“very much” (4). These scale scores were calculated according to
standard EORTC scoring procedures and linearly transformed to
a 0-100 scale. Missing values were replaced by the average score
of the completed items in the same scale for each individual, pro-
vided that at least 50% of the items in that scale had been com-
pleted (32). A higher score indicates a higher level of fatigue and a
higher level of cognitive functioning.

Statistical analyses
Descriptive statistics were used to characterize the study sample.
All raw cognitive test scores were converted into standardized z
scores based on the baseline mean and standard deviation of the
control group. Eight cognitive domain scores were calculated by
the mean of the z scores of the tests that belonged to the particu-
lar cognitive domain. The data of all patients and control partici-
pants participating in the study were used; attrition patterns
across the 3 assessments were compared between groups. We
evaluated between-group differences in change over time on
anxiety and/or depression, menopausal symptoms, fatigue, and
cognitive function. All statistical tests were 2-sided, and statisti-
cal significance was set at .05.

To analyze between-group differences in change over time on
cognitive test performance, we conducted baseline to follow-up
analyses (ST effect: T0 to T1; LT effect: T0 to T2) using a mixed-
effects modeling approach with a random intercept, maximum
likelihood solution, and autoregressive covariance structure (33).
We chose this modeling approach as it can handle missing data,
contrary to the earlier publication, in which cases with incom-
plete observations were discarded because the modeling proce-
dure could not handle missing data. For the primary analyses,
the control group was the reference category. If statistically sig-
nificant, we evaluated differences in mean change from baseline
to ST and baseline to LT follow-up between the 2 patient groups
and control group and the 2 patient groups.
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We investigated the impact of the following possible con-
founders: age, intelligence quotient (IQ), study attrition, and the
time-dependent variables fatigue (EORTC QLQ-C30), menopausal
symptoms (Functional Assessment of Cancer Therapy—Breast
questionnaire), and anxiety and/or depression (Hopkins
Symptom Checklist). We included confounders one by one in the
model for every outcome to see if including a confounder would
yield a better fit. These models were compared with Bayesian
information criterion (BIC) and Akaike information criterion (AIC)
(34,35). Models with lower BIC or AIC values are considered better
fitting models (36).

Differences in mean change scores over time between the
treatment groups and the control group were accompanied by
standardized effect sizes (ES) calculated based on the t test statis-
tic: (2*t)/(�degrees of freedom). ES of 0.2 was considered small, 0.5
moderate, and 0.8 large (37).

Analyses were conducted on an intention-to-treat (ITT) basis.
Additionally, we performed a per-protocol (PP) analysis on data
from patients who met the criteria for minimal adherence with
the intervention(s): excluded from the PP analysis were sequen-
tial group patients who continued with tamoxifen (instead of
switching to exemestane) or switched to exemestane or another
AI prematurely; exemestane group patients who switched to
tamoxifen; and patients, either from the sequential or exemes-
tane group, who quit prematurely or went without ET more than
a month at the time of cognitive assessment.

For all analyses, SPSS for Windows version 27 (IBM Corp,
Armonk, NY, USA) was used.

Results
In total, 206 patients (92 patients from the sequential group and
114 patients from the exemestane group) and 124 control women
underwent cognitive assessment at baseline. Three (1 sequential
group, 1 exemestane group, and 1 control group) of the total 330
participants were undergoing methotrexate (eg, for rheumatism
or psoriasis) at baseline and were excluded from analyses. See
Figure 1 for the inclusion flowchart.

Compared with control participants, the sequential group and
the exemestane group were older (P¼ .01 and P¼ .02, respec-
tively), and the exemestane group had a lower estimated

premorbid IQ (P¼ .02). See Table 2 for sociodemographic and clin-
ical characteristics of the study population.

Patient-reported outcomes
At baseline, the sequential and the exemestane group reported
more fatigue compared with the control group (P< .001 for both).
This difference diminished over time as fatigue scores decreased
(P¼ .02 and P¼ .01, respectively). At baseline, the sequential
group reported more anxiety and/or depression (P< .001) and
endocrine symptoms (P¼ .03) compared with the control group
and more endocrine symptoms compared with the exemestane
group (P¼ .03). During the trial, the exemestane group showed an
increase in endocrine symptoms compared with the control
group (P¼ .006). At baseline, the sequential group reported lower
cognitive function compared with the control group (P< .001) and
the exemestane group (P¼ .002). Changes over time in self-
reported cognitive function did not differ between the sequential
group and the exemestane group compared with the control
group (P¼ .79 and P¼ .45, respectively). The patient-reported out-
come scores are depicted in Figure 2.

Compliance to neuropsychological assessment
More women in the sequential and the exemestane group com-
pleted only baseline compared with women in the control group
(P¼ .01 and P¼ .008, respectively). Three dropout patterns were
distinguished (see Supplementary Table 1, available online): 1)
completed only baseline, 2) completed baseline and first follow-
up (T0 and T1), 3) completed all 3 assessments (T0, T1, and T2).
Women who completed only baseline and who completed base-
line and first follow-up were older than those who completed all
assessments (P¼ .007 and P< .001), and women who completed
only baseline had a lower IQ than those who completed all
assessments (P¼ .002), meaning that relatively more younger
patients with a higher IQ completed all cognitive assessments.
No differences were found between patients from the 3 dropout
patterns in anxiety and/or depression, menopausal symptoms,
fatigue, and self-reported cognition.

Adherence to trial protocol
See Supplementary Figure 1 (available online) for an overview of
participants and dropouts in the PP analyses.

Table 1. Summary of cognitive outcome measures

Cognitive domain Cognitive tests Outcome variable Score range

Verbal memory Rey auditory verbal learning test (15) Immediate recall Total of 3 trials 0-45
Rey auditory verbal learning test (15) Delayed recall Total for long delay trial 0-15
Visual Association Test (16) Total of 2 trials 0-24

Visual memory Wechsler Memory Scale visual memory subtest (17)
Immediate recall

Points awarded according to
scoring criteria

0-41

Wechsler Memory Scale visual memory subtest (17)
Delayed recall

Points awarded according to
scoring criteria

0-41

Information processing
speed

Stroop Card 1 (18) Seconds to complete �0
Stroop Card 2 (18) Seconds to complete �0
Trail making test part A (19) Seconds to complete �0

Executive functioning Stroop Card 3 (18) Seconds to complete �0
Trail making test part B (19) Seconds to complete �0

Manual motor speed Fepsy finger tapping (20) Dominant hand Mean score of 5 trials of 10 sec �0
Fepsy finger tapping (20) Nondominant hand Mean score of 5 trials of 10 sec �0

Verbal fluency Letter fluency (letters D, A, T) (21) Total score of 3 letters: 1 min each �0
Category Fluency (animals) (22) Total score animals: 1 min �0
Category Fluency (professions) (22) Total score professions: 1 min �0

Reaction speed Fepsy reaction times (20) Dominant hand Mean milliseconds/30 trials �0
Fepsy reaction times (20) Nondominant hand Mean milliseconds/30 trials �0

Working memory Wechsler Adult Intelligence Scale III Letter-number sequencing (23) Total correct trials 0-21
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Model selection
For all analyses, adjustment was required based on AIC and BIC
values. Most models were at least adjusted for age, IQ, and meno-
pausal symptoms. Between-group differences in general did not
change after adjustment. Supplementary Figure 2 (available
online) shows the differences per model.

Sequential and exemestane group vs the control
group
ITT analyses showed that the sequential group had ST and LT
decline on verbal memory (ES ¼ 0.26, P¼ .01; ES ¼ 0.34,

P¼ .003) and executive function (ES ¼ 0.27, P¼ .007; ES ¼ 0.38,
P¼ .002) compared with controls. The exemestane group did
not show decline on any cognitive domain compared with con-
trols. An ST improvement was found on information processing
speed for the exemestane group compared with controls (ES ¼
0.22, P¼ .02). The ITT results were confirmed in the PP analyses
(see Table 3; Supplementary Tables 2 and 3, available online
for all results). Figure 3 depicts changes over time for verbal
memory and executive function (see Supplementary Figure 3,
available online, for changes over time for each cognitive
domain).

Figure 1. Flowchart inclusion neuropsychological side study TEAM trial. ET¼ endocrine therapy; T1¼ 1-year follow-up assessment; T2¼ 5-year follow-
up assessment; TEAM ¼ Tamoxifen and Exemestane Adjuvant Multinational.

Table 2. Baseline sociodemographic and clinical characteristics of patients receiving tamoxifen followed by exemestane (sequential
group), patients receiving only exemestane (exemestane group), and the control group

Characteristic Sequential group (n¼91) Exemestane group (n¼113) Control group (n¼123) P

Age at random assignment, Mean (SD), y 69.6 (7.9) 69.2 (7.0) 66.9 (8.0) .02a

IQ, Mean (SD) 100.1 (19.9) 99.4 (18.8) 105.3 (19.0) .04b

Time since surgery, Mean (SD), mo 1.3 (0.7) 1.5 (0.7) .13
Age at menopause, Mean (SD), y 49.3 (5.3) 49.7 (4.5) 48.2 (6.1) .07
Radiotherapy at baseline or later, No. (%) 49 (57) 75 (68) .17
Ever use of HRT, No. (%) 14 (15) 20 (18) 23 (19) .10

a Post hoc test: sequential group vs control group: P¼ .01; exemestane group vs control group: P¼ .02; sequential group vs exemestane group: P¼ .68. HRT ¼
hormone replacement therapy; IQ ¼ intelligence quotient.

b Post hoc test: sequential group vs control group: P¼ .05; exemestane group vs control group: P¼ .02; sequential group vs exemestane group: P¼ .79.
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Sequential group vs exemestane group
The sequential group showed an ST decline on information proc-
essing speed (ES ¼ 0.33, P¼ .01) and executive function (ES ¼ 0.32,
P¼ .01) and an LT decline on verbal memory (ES ¼ 0.33, P¼ .02)
compared with the exemestane group. The ITT results were con-
firmed in the PP analyses (see Supplementary Tables 4 and 5,
available online).

Discussion
Our earlier findings suggested cognitive adverse effects of tamox-
ifen and no effects of exemestane in a 1-year follow-up study in
postmenopausal early hormone receptor–positive BC patients
(14). The current study augments these data by evaluating ST
and LT cognitive effects of tamoxifen followed by exemestane
and exemestane using all data and time points. After controlling
for age, IQ, attrition patterns, menopausal symptoms, anxiety
and/or depression, and/or fatigue, tamoxifen and tamoxifen fol-
lowed by exemestane were associated with decline in verbal
memory and executive functioning. Observed effects were of
small magnitude. Treatment with exemestane only was not asso-
ciated with cognitive decline. The ITT and PP analyses yielded
comparable results. We found no differences between the patient
groups and the control group in changes over time in self-
reported cognitive function and anxiety and/or depression.
Differences in self-reported fatigue at baseline diminished over
time in both patient groups compared with the control group.

The exemestane group reported more menopausal symptoms
over time than the control group.

The observation of tamoxifen’s small cognitive effects on ver-
bal memory and executive functioning is in line with an emerging
body of (predominantly cross-sectional) studies reporting adverse
effects of tamoxifen (38). Our observation of (small) adverse
effects of tamoxifen alone and tamoxifen followed by exemes-
tane, combined with the absence of any effect of exemestane
monotherapy, suggests a potential carryover effect of tamoxifen.
Cognitive effects of tamoxifen followed by another agent have
not been examined previously. A small imaging study showed
that tamoxifen was associated with structural brain changes [eg,
smaller hippocampal volumes (39)], which could partly explain
LT effects of tamoxifen.

The impact of ET on cognition and brain health is poorly
studied and incompletely understood, both from a preclinical
and clinical perspective (10,11). The mixed findings in the litera-
ture do not give clear direction for interpreting our results.
Several important differences between tamoxifen and exemes-
tane may have contributed to our observations, which could also
provide guidance to future research initiatives. First, AIs inacti-
vate aromatase, thereby preventing conversion of androgens into
estrogens. Tamoxifen, however, competitively binds to ERs.
Second, tamoxifen has anti-estrogenic effects on breast tissue
but does not act as an anti-estrogen in all tissues (40-42).
Whether tamoxifen has an estrogenic or anti-estrogenic effect (or
both) on the brain is unknown. The absence of cognitive effects

Figure 2. Change over time in patient-reported outcomes (anxiety and/or depression, fatigue, cognitive functioning, and menopausal symptoms) in the
sequential, the exemestane, and the control group. Anxiety and depression were measured by the HSCL, fatigue, and cognitive functioning by the
EORTC QLQ C-30 subscales (fatigue and cognitive functioning) and endocrine symptoms by the FACT B-ES. In Panel a, higher scores represent more
complaints. In Panel b, higher scores represent less complaints. EORTC QLQ C-30 ¼ European Organization for Research and Treatment of Cancer
Quality of Life Questionnaire C30; FACT B-ES ¼ Functional Assessment of Cancer Therapy–Breast questionnaire; FU ¼ follow-up; HSCL ¼ Hopkins
Symptom Checklist.
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Table 3. Results of the intention-to-treat analyses of the sequential, the exemestane, and the control group.

Adjusted mean z scores Sequential group and exemestane vs control

T0 T1 T2 T0-T1 T0-T2

Cognitive
domain/test

P overall
group

by time
interaction Group Mean (95% CI) Mean (95% CI) Mean (95% CI)

Mean
difference
in change

over time (95% CI) P ESa

Mean
difference
in change

over time (95% CI) P ESa AIC BIC

Verbal memoryb Sequential 0.06 (�0.11 to 0.22) 0.03 (�0.14 to 0.20) �0.32 (�0.55 to �0.09) �0.21 (�0.38 to �0.05) .01 �0.26 �0.44 (�0.72 to �0.15) .003 �0.34
.02 Exemestane �0.09 (�0.24 to 0.05) 0.03 (�0.12 to 0.18) �0.16 (�0.35 to 0.02) �0.06 (�0.21 to 0.09) .42 �0.08 �0.13 (�0.39 to 0.12) .31 �0.12 1375.19 1498.98

Control �0.09 (�0.23 to 0.06) 0.10 (�0.04 to 0.24) �0.02 (�0.22 to 0.18)
Visual memoryb Sequential �0.38 (�0.58 to �0.19) �0.36 (�0.57 to �0.15) �0.37 (�0.63 to �0.11) 0.03 (�0.18 to 0.23) .80 0.03 �0.19 (�0.51 to 0.13) .24 �0.14

.12 Exemestane �0.33 (�0.51 to �0.15) �0.20 (�0.38 to �0.02) �0.35 (�0.56 to �0.13) 0.13 (�0.06 to 0.32) .17 0.14 �0.22 (�0.51 to 0.07) .14 �0.18 1724.22 1848.96
Control �0.08 (�0.25 to 0.09) �0.09 (�0.26 to 0.09) 0.12 (�0.11 to 0.35)

Information
processing
speedb

Sequential �0.24 (�0.39 to �0.09) �0.28 (�0.44 to �0.12) �0.44 (�0.64 to �0.25) �0.05 (�0.19 to 0.09) .50 �0.07 �0.05 (�0.29 to 0.18) .67 �0.05
.04 Exemestane �0.23 (�0.36 to �0.09) �0.06 (�0.20 to 0.08) �0.35 (�0.51 to �0.19) 0.15 (0.02 to 0.28) .02 0.22 0.02 (�0.19 to 0.24) .82 0.03 1261.08 1385.96

Control �0.03 (�0.16 to 0.10) �0.02 (�0.15 to 0.11) �0.18 (�0.35 to �0.01)
Executive

functioningc
Sequential �0.22 (�0.41 to �0.04) �0.33 (�0.52 to �0.14) �0.55 (�0.77 to �0.32) �0.22 (�0.37 to �0.06) .007 �0.27 �0.41 (�0.68 to �0.15) .002 �0.38

.005 Exemestane �0.35 (�0.51 to �0.18) �0.21 (�0.38 to �0.04) �0.41 (�0.60 to �0.21) 0.03 (�0.11 to 0.17) .69 0.04 �0.15 (�0.39 to 0.09) .22 �0.15 1475.47 1623.23
Control �0.05 (�0.20 to 0.11) 0.06 (�0.10 to 0.22) 0.04 (�0.16 to 0.24)

Motor speedd Sequential �0.02 (�0.18 to 0.14) �0.01 (�0.17 to 0.16) �0.22 (�0.41 to �0.02) �0.08 (�0.22 to 0.06) .25 �0.11 �0.21 (�0.43 to 0.02) .07 �0.22
.31 Exemestane �0.05 (�0.20 to 0.09) 0.01 (�0.14 to 0.16) �0.22 (�0.39 to �0.06) �0.03 (�0.16 to 0.10) .62 �0.05 �0.18 (�0.39 to 0.02) .08 �0.22 1292.93 1417.82

Control �0.08 (�0.21 to 0.06) 0.02 (�0.12 to 0.16) �0.07 (�0.23 to 0.10)
Verbal fluencye Sequential �0.39 (�0.53 to �0.25) �0.39 (�0.54 to �0.25) �0.39 (�0.57 to �0.21) �0.02 (�0.15 to 0.10) .70 �0.04 0.06 (�0.12 to 0.25) .49 0.09

.76 Exemestane �0.42 (�0.54 to �0.29) �0.37 (�0.50 to �0.24) �0.48 (�0.63 to �0.34) 0.03 (�0.09 to 0.14) .66 0.04 0.00 (�0.16 to 0.16) >.99 0.00 1140.02 1242.04
Control �0.09 (�0.21 to 0.03) �0.07 (�0.19 to 0.05) �0.16 (�0.30 to �0.01)

Reaction
speedf

Sequential �0.27 (�0.47 to �0.06) �0.40 (�0.62 to �0.18) �0.27 (�0.55 to 0.00) �0.12 (�0.35 to 0.11) .305 �0.10 0.05 (�0.30 to 0.40) .76 0.04
.523 Exemestane �0.22 (�0.40 to �0.03) �0.16 (�0.36 to 0.03) �0.25 (�0.49 to �0.02) 0.06 (�0.15 to 0.27) .573 0.06 0.02 (�0.30 to 0.35) .89 0.02 1813.94 1938.06

Control 0.02 (�0.16 to 0.19) 0.01 (�0.17 to 0.19) �0.05 (�0.30 to 0.20)
Working

memorye
Sequential �0.33 (�0.51 to �0.15) �0.16 (�0.35 to 0.03) �0.43 (�0.70 to �0.15) 0.12 (�0.14 to 0.38) .36 0.09 �0.23 (�0.62 to 0.16) .24 �0.13

.21 Exemestane �0.30 (�0.46 to �0.13) �0.20 (�0.37 to �0.03) �0.45 (�0.67 to �0.24) 0.04 (�0.20 to 0.29) .72 0.03 �0.30 (�0.65 to 0.05) .10 �0.19 1833.39 1935.06
Control �0.06 (�0.21 to 0.10) �0.01 (�0.16 to 0.15) 0.08 (�0.14 to 0.31)

a Effect sizes: 0.20 small effect, 0.50 moderate effect, 0.80 large effect. AIC¼Akaike information criterion; BIC¼Bayesian information criterion; CI¼ confidence interval; ES¼ effect size; FACT-ES ¼ Functional Assessment of Cancer
Therapy–Breast questionnaire; HSCL ¼ Hopkins Symptom Checklist; IQ ¼ intelligence quotient; T0¼baseline; T1¼1-year follow-up; T2¼5-year follow-up.

b Adjusted for age, IQ, FACT-ES.
c Adjusted for age, IQ, HSCL, FACT-ES.
d Adjusted for age, IQ, HSCL.
e Adjusted for age, IQ.
f Adjusted for IQ, HSCL, FACT-ES.
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of exemestane in our study may suggest that further downregu-
lation of estrogen production in already postmenopausal women
does not impact cognition. Also, ERa can be activated ligand inde-
pendently, without estrogens by growth factors such as insulin-
like growth factor 1 (43). ERs can still exert some transcriptional
actions during exemestane use, in contrast to tamoxifen use.
This might have contributed to the absence of cognitive changes
following exemestane compared with tamoxifen. In addition,
exemestane and its metabolites have a mild androgenic property
that could be protective for cognition (44). Our findings warrant
further fundamental research to characterize the influence of
tamoxifen as estrogenic, anti-estrogenic, or maybe of a different
character.

To better understand the cause of cognitive effects of tamoxi-
fen, it could be useful to study the pharmacokinetics of tamoxi-
fen in relation to cognition. Tamoxifen is a prodrug that exerts its
effects only after conversion to active metabolites mainly by the
liver (45). Therefore, focusing on the relation between tamoxi-
fen’s metabolites (eg, endoxifen) and cognition can lead to a
more direct examination of causality. Our research group is ini-
tiating a substudy of the Therapeutic drug monitoring Of
TAMoxifen (TOTAM) trial (Netherlands Trial Register NL6919/
NTR7113) on dose- and serum-dependent cognitive effects of
tamoxifen and its metabolites.

A limitation of this study is the small sample size at the LT
follow-up, reducing the statistical power of the LT evaluation.
Results of the LT evaluation should be viewed as hypothesis gen-
erating and need to be confirmed in larger studies. The third cog-
nitive assessment was not part of the original study protocol,
which may have contributed to a lower accrual rate. Another lim-
itation is that in both patient groups, vulnerable patients (of older
age and with lower IQ) dropped out early, which could have
biased the findings. The strengths of the current study include
the prospective nature, the inclusion of chemotherapy-naı̈ve
patients only, and a control group of women without a cancer
history.

In conclusion, our results confirm our previous ST findings
and add to these by showing that sequential treatment with
tamoxifen and exemestane was associated with ST and LT
decline on several tested cognitive functions, whereas exemes-
tane only was not. The modest adverse effects of tamoxifen and
tamoxifen followed by exemestane occurred in absence of
treatment-specific changes in self-reported cognitive symptoms.
As cognitive test performance is associated with outcomes such

as financial management, employability, and medication man-
agement, adverse effects, even modest effects, could be of clinical
relevance (46). Studies with additional measures are needed to
investigate the impact on real-world performance. Given the
large group of women receiving ET, the results underline the clin-
ical need for well-controlled, prospective trials.
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