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INTRODUCTION: Tamoxifen may adversely affect cognitive function by interfering with estrogen action in the brain. Despite
growing evidence for a relationship between tamoxifen and cognitive problems, findings remain inconclusive. While some
tamoxifen-related side effects seem exposure-dependent with concentrations of tamoxifen or its main metabolite, endoxifen, this
has never been investigated for cognitive function. We investigated cognitive function after two years of tamoxifen and its

association with tamoxifen and endoxifen exposure.

METHODS: 135 women with breast cancer completed the Amsterdam Cognition Scan (ACS), an online neuropsychological test
battery, after two years of tamoxifen. Test scores were converted to standardized Z-scores based on a matched ‘no-cancer’ control
group. Tamoxifen and endoxifen concentrations and tamoxifen dose were regressed separately on cognitive functioning.
RESULTS: Patients reported mild cognitive complaints and had worse verbal learning, processing speed, executive functioning, and
motor functioning compared to matched controls. After correcting for age, mean tamoxifen and endoxifen levels, as well as
tamoxifen dose, were associated with worse performance on several cognitive domains.

CONCLUSION: Tamoxifen is adversely associated with objective as well as self-reported cognitive function, which may depend on
the level of exposure to tamoxifen and endoxifen. Further research is warranted to confirm this hypothesis.

HIGHLIGHTS

Tamoxifen is associated with worse processing speed, verbal memory, executive function, and motor functioning.
The prevalence of cognitive impairment is twice as high in women taking tamoxifen than in controls without cancer.
Effects of tamoxifen and its metabolite endoxifen seem to be exposure dependent, especially in younger women.
Self-reported cognitive difficulties are associated with tamoxifen-related side effects, anxiety, depression, and fatigue.
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INTRODUCTION

Breast cancer is the most commonly diagnosed cancer among
women worldwide, accounting for approximately 25% of all
cancer cases [1]. The standard of care for hormone-receptor-
positive breast cancer is often adjuvant endocrine therapy, such as
tamoxifen. Especially for premenopausal patients, tamoxifen is the
primary drug of choice, prescribed for a minimum duration of five
years. For postmenopausal patients, tamoxifen is frequently
prescribed for two to three years before switching to an
aromatase-inhibitor [2]. However, tamoxifen can cause a variety
of side effects, including hot flashes, arthralgia, vaginal discharge,
and mood alterations [3], and may also cause cognitive problems.

Tamoxifen is a selective estrogen receptor (ER) modulator,
that acts as an agonist or antagonist depending on the specific
tissue that it binds to [4]. Since ER are present in various other
tissues in the female body, the binding of tamoxifen and its
metabolites to these ER probably serves as the mechanism
behind (most) side effects of tamoxifen [4, 5]. In the brain, ERa
and ERP are distributed in varying ratios depending on the
specific brain area. Through these receptors, estrogens play an
important role in normal cognitive functioning [6-11]. Tamox-
ifen, able to pass the blood-brain barrier and bind to the ER, can
interfere with the action of estrogen [6, 12-14], potentially
affecting cognitive function.
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Cognitive problems are commonly observed during or after
cancer treatment [15]. A recent meta-analysis of chemotherapy-
treated patients with breast cancer revealed that a significant
number of patients (44%) reported cognitive complaints, while a
smaller but still notable percentage (21 to 34%) exhibited
objective neuropsychological test-derived impairment [16].
Whereas the adverse effects of chemotherapy on cognitive
function have been well-established in the past decades, knowl-
edge about the potential adverse effects of endocrine therapies
such as tamoxifen remains limited. Given the importance of
cognitive functions for daily functioning and quality of life [15],
research into the cognitive side effects of tamoxifen is highly
relevant.

A growing number of studies supports the concerns regarding
cognitive side effects of tamoxifen. In the TEAM-trial (n = 80) for
example, postmenopausal breast cancer patients undergoing
tamoxifen treatment performed significantly worse on verbal
memory and executive functioning compared to no-cancer
controls [17]. Even after transitioning to the aromatase inhibitor
exemestane, a carryover effect of tamoxifen persisted [18]. A
smaller study (n=31) in postmenopausal patients on tamoxifen
reported similar effects of tamoxifen on verbal memory and
executive functioning [19]. A large meta-analysis of small cohort
studies indicated decreased verbal learning and memory, execu-
tive functioning, and processing speed in patients treated with
tamoxifen or aromatase inhibitors [20]. In contrast, a study of van
Dyk et al. (n=58) did not find significant changes between
baseline up to one year of tamoxifen treatment on standardized
neuropsychological tests [21]. This warrants further research to
elucidate the exact effect of tamoxifen on cognitive function.

It has never been investigated whether the potential effects of
tamoxifen on cognitive function could depend on the level of
exposure to tamoxifen or its metabolites. Tamoxifen is metabolized
in the liver into endoxifen, 4-hydroxy-tamoxifen and n-desmethyl-
tamoxifen primarily by cytochrome P450 (CYP) enzymes CYP2D6
and CYP3A4 [22]. Endoxifen is considered the most important
metabolite for tamoxifen efficacy [23]. Results from retrospective
studies indeed indicated an exposure-response relation for
endoxifen [24-28]. Therapeutic drug monitoring (TDM), in which
plasma concentrations are measured and doses are adapted by the
measured concentration in order to reach a therapeutic threshold,
can increase the percentage of patients on tamoxifen with
endoxifen concentrations above the supposed efficacy threshold
of 16 nM [29, 30]. However, up till now findings regarding the
relationship between tamoxifen and metabolite concentrations and
the occurrence of side effects remain conflicting.

In this study we aimed to evaluate the effect of two years of
tamoxifen treatment on objective and subjective cognitive
function in a large cohort of women with breast cancer. In
addition, we investigated the association between tamoxifen and
endoxifen plasma concentrations and objective and subjective
cognitive function, as well as the association with tamoxifen dose.

MJ. Luijendijk et al.

MATERIAL AND METHODS

Study design

The current study was part of the TOTAM (Therapeutic drug monitoring Of
TAMoxifen) trial; a large intervention study coordinated by the Erasmus MC
Cancer Institute in Rotterdam, the Netherlands, which aimed to investigate
the feasibility of TDM of tamoxifen. As a secondary endpoint, we examined
the effect of tamoxifen on cognitive function. The study was approved by
the local Medical Ethics Committee and registered in the International
Clinical Trial Registry Platform (ICTRP; https://trialsearch.who.int: NL6918).
All participants provided written informed consent.

The study’s methodology, including eligibility criteria and primary
findings have been thoroughly documented elsewhere [29, 31]. Briefly,
female patients diagnosed with hormone-receptor-positive primary breast
cancer who were treated with the standard daily dose of 20 mg tamoxifen
for a period of 3 months were included in the TOTAM study. They were
followed for the first two years of their tamoxifen treatment, during which
they were seen six times at the out-patient clinic. Each visit, tamoxifen and
endoxifen plasma concentrations were determined and side effects were
assessed. If patients had endoxifen levels <16 nM, the daily tamoxifen dose
was increased to 30 or 40mg, if possible. Also, for patients with
bothersome side effects and relatively high endoxifen levels, the tamoxifen
dose could be decreased to 10 mg daily. After the sixth and last visit (i.e.,
after two years of tamoxifen treatment) patients underwent an online
neuropsychological assessment. Patients who preliminary went off study
due to toxicity were also invited to complete the neuropsychological
assessment.

Pharmacokinetics

Tamoxifen and endoxifen trough concentrations (C.,,) were obtained
during each study visit over two years of tamoxifen treatments. Plasma
concentrations were measured using a validated ultra-performance liquid
chromatography with a tandem mass spectrometry method (UP-LCMS/MS)
[32]. Because patients could use different tamoxifen doses for various
durations during the study, their tamoxifen and endoxifen concentrations
could be different at each study visit. To estimate the mean tamoxifen and
endoxifen plasma levels over the two years of tamoxifen treatment as
accurate as possible, an average Cy,;, level per patient was simulated using
Nonlinear Mixed Effects Modelling (NONMEM) [33]. In addition, the mean
dose over the two years interval was calculated by multiplying the
tamoxifen dose (in mg) with the number of days per dose and then
dividing the total dose exposure by the total number of days of tamoxifen
treatment.

Neuropsychological assessment

Objective cognitive functioning was assessed using the Amsterdam
Cognition Scan (ACS; www.cognitionscan.org) [34]; a validated online
neuropsychological test battery which patients can complete on their own
computer at home without supervision [34, 35]. The ACS consists of 7
online cognitive tests covering a wide range of cognitive domains and
takes approximately 1 hour to complete. An overview of the cognitive tests
and corresponding cognitive domains can be found in Table 1. The ACS
also contains 3 questionnaires: The MD Anderson Symptom Inventory for
multiple myeloma (MDASI-MM) is a validated questionnaire on subjective
cognitive function, that measures self-reported severity of memory and
concentration problems and their interference with daily activities during
the past 24 hours (classified as 0: none, 1-4: mild, 5-6: moderate, 7-10:

Table 1. Cognitive tests of the Amsterdam Cognition Scan.

ACS test

Wordlist learning
Wordlist recall
Wordlist recognition

Cognitive domain

Learning and memory

Attention & working memory Box tapping
Digit sequences |

Digit sequences Il

Processing speed Reaction speed

Connect the dots |

Connect the dots Il
Place the beads

Fill the grid

Executive functioning

Motor functioning

British Journal of Cancer (2025) 132:180-187

Main outcome measure
Total number of correct words (learning: trial 1 to 5)

Total number of correctly repeated sequences

Average reaction time (ms)
Completion time in seconds

Completion time in seconds
Total number of extra moves

Completion time in seconds
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severe) [36]. These questions are not disease-specific and are applicable for
various forms of cancer. The Hospital Anxiety and Depression Scale (HADS)
measures the severity of anxiety and depression during the past four
weeks, with higher scores reflecting more severe symptoms [37]. The
Multidimensional Fatigue Inventory (MFI-20) measures fatigue on five
dimensions (general fatigue, physical fatigue, mental fatigue, reduced
activity, and reduced motivation), with higher scores indicating more
fatigue [38]. The ‘no-cancer’ control group that was included in the
cognitive side-study of the SONIA trial [39] also served as the ACS norm
group for the current study. These were female relatives or friends of
participants of the SONIA study who also completed the ACS, including the
HADS and MFI questionnaire. The MDASI-MM was not administered.

Additionally, tamoxifen side effects were evaluated using the Functional
Assessment of Cancer Therapy-Endocrine Subscale (FACT-ES); a validated
questionnaire for the assessment of endocrine treatment in patients with
breast cancer [40]. It includes 27 health-related quality of life items (HR-
QOL) covering physical, social, emotional, and functional well-being, with a
19-item endocrine subscale (ES19). Higher FACT-ES scores indicate better
HR-QOL and fewer side effects.

Statistical analysis

A power calculation indicated that with an effect size of 0.30 based on a
previous study [18], alpha set at 0.05, a power of .80, and taking into
account a potential dropout rate of 30%, at least 117 patients should be
included.

Using nearest-neighbour propensity score matching, an equally-sized
group of no-cancer controls was selected, matched on age, educational
level, and computer usage. After matching, independent t-tests and a chi-
square test were performed to check for remaining differences in age,
computer usage, and educational level. Outliers and invalid ACS test scores
were identified and excluded from analysis, as described by Feenstra et al.
(using age groups <50, >50 and <65, and >65 years) [35]. Scores on
wordlist recall were considered invalid and excluded if the retention
interval exceeded 45 minutes. Raw test scores were converted to
standardized Z-scores based on the matched control group. Z-scores
(normally distributed with a mean of zero and a standard deviation of one)
indicate to what extent a score deviates from the normative mean, with
negative scores indicating worse performance while positive scores
indicate better performance than expected [41]. Patients’ average
cognitive performance was visualized and considered significantly deviant
if O fell outside of the 95% confidence interval. In addition, the prevalence
of cognitive impairment was determined for both patients and no-cancer
controls using the International Cognition and Cancer Task Force (ICCTF)
criterion: two or more test scores at or below -1.5 SDs or a single test score
at or below -2.0 SDs from the normative mean, or both [42]. This was
compared to the family-wise error rate using a binomial test, which reflects
the probability of a finding at least one deviating test score given the
number of tests administered [43]. The above steps were repeated for the
subgroups of patients treated only with tamoxifen and patients who also
received chemotherapy prior to inclusion, to rule out that any observed
effect would be driven solely by previously received chemotherapy.

Anxiety, depression, and fatigue were compared between patients and
controls using Mann-Whitney U tests. The relation of these self-reported
outcomes and endocrine symptoms to the ACS Z-scores for objective
cognitive function and MDASI-MM severity and interference subscales for
subjective cognitive function was determined through correlational
analysis. To investigate the association between cognitive function and
tamoxifen and endoxifen exposure, mean tamoxifen or endoxifen plasma
levels were regressed on the ACS Z-scores or the MDASI-MM subscales in
linear regression analyses. Age was included as a covariate, as both
cognitive function [44] and tamoxifen and endoxifen concentrations
[33, 45-47] tend to vary with age. These regression analyses were repeated
with mean tamoxifen dose to also investigate the association of tamoxifen
dose and cognitive function. All analyses were performed in R Studio.
P values were considered significant at a = 0.05.

RESULTS

Inclusion and participant characteristics

In total, 177 (89%) out of the 200 approached patients consented
to undergo a neuropsychological assessment, of which 139 (78%)
completed the ACS. Four patients only partly completed the ACS
and were excluded due to missing demographic data. Reasons for

not completing the ACS were: no computer(experience) (n=11);
no time (n =12); no response (n=11). As only three out of the
139 patients withdrew from the study early (i.e., before complet-
ing two years of tamoxifen) due to toxicity, and one patient turned
out to be non-compliant to the treatment, these patients were
excluded from analysis, resulting in an evaluable sample of 135
patients. Matching resulted in a group of 135 no-cancer controls,
with no significant differences in age (t(266) =-0.44, p = 0.66),
educational level (X3(1)=0.95, p=0.33), and computer usage
(t(268) =-0.45, p = 0.66) after matching. Demographic and clinical
characteristics of patients and matched controls can be found in
Table 2. At the time of cognitive assessment (i.e., after two years of
tamoxifen) the majority of patients was postmenopausal. Nine
(60%) of the 15 premenopausal patients (7% of all patients) were
treated with ovarian function suppression.

Pharmacokinetics

Median trough levels of tamoxifen and endoxifen over two years
of tamoxifen treatment were 331.1 nM (/QR = 264.5-424.2) and
26.1 nM (IQR = 21.5-32.4), respectively. Tamoxifen levels showed a
weak correlation with age (r,(133)=0.17, p =0.04), with older
individuals having higher tamoxifen levels. No correlation with
age was found for endoxifen levels (r,(133) = 0.09, p = 0.32). Mean
tamoxifen dose over two years was 22.7 mg (SD =7.1).

Cognitive function

Average ACS Z-scores of the patients standardized based on the
matched control group are visualized in Fig. 1. The subtest
Wordlist Recognition was not analysed because the variance in
test scores was limited due to a ceiling effect. Patients performed
worse than the matched controls on tests measuring verbal
learning, processing speed, executive functioning, and motor
functioning. In total, 47% of the patients were classified as
cognitively impaired based on the ICCTF criterion, significantly
higher than the 28% in the matched control group (p = 0.002) and
the family-wise error rate of 23% (p < 0.001). The prevalence in the
control group was not different from the family-wise error rate
(p=0.10).

To evaluate whether the effect on cognitive function in this
study is tamoxifen-specific or could be explained by (neo)-
adjuvant chemotherapy, subgroup analysis was performed in
patients treated with and without chemotherapy. Patients who
did not receive chemotherapy (n=63, M,g. =61) showed a
similar pattern of test scores as found in the whole sample, with
worse verbal learning, processing speed, executive functioning,
and motor functioning. Patients who received (neo-)adjuvant
chemotherapy prior to the study (n =72, M,ge = 56) only showed
worse processing speed compared to the no-cancer control
group. 52% of patients who did not receive chemotherapy were
classified as cognitively impaired compared to 41% of the patients
who were also treated with chemotherapy. Notably, patients who
received chemotherapy were on average 5 years younger than
those who did not.

Patient-reported outcomes

In Table 3, results from the self-report questionnaires on cognitive
function, anxiety, depression, fatigue, and endocrine therapy side
effects are reported. Patients reported cognitive complaints of
mild severity and mild interference with daily activities. No
significant differences in self-reported anxiety or depression were
found between patients and controls (anxiety: W=9187, p =0.91;
depression: W =9233, p=0.85). However, patients reported
significantly higher levels of fatigue on all five domains (total
fatigue: W= 6474, p < 0.001; general fatigue: W = 6496, p < 0.001;
physical fatigue: W=6811, p <0.001; mental fatigue: W = 6623,
p <0.001; reduced activity: W =7581, p=0.02; reduced motiva-
tion: W =7594, p = 0.02). For endocrine side effects, a mean score
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Table 2. Demographic & clinical characteristics.
Patients Matched HCs
(n=135) (n=135)
Participant characteristics
Age, M =SD [range] 58+ 11 [27-84] 57 £10 [25-81]
median [IQR] 57 [45-68]
Educational level, N (%)
Low 3(2) 0
Middle 64 (47) 58 (43)
High 68 (50) 77 (57)
Computer usage, M +SD 16 + 13 [0-50] 17 £13 [1-42]
[range]

BMI, median [IQR]
Menopausal status

26.6 [23.1-31.6]

Premenopausal 15 (11)
Postmenopausal 109 (81)
Perimenopausal 10 (7)
Unknown 1(1)

Tumour and treatment characteristics
Tumour stage, N (%)

T1 60 (44)
T2 55 (41)
T3 16 (12)
T4 3(2)
Tx 1(1)
Nodal stage, N (%)
NO 68 (50)
N1 47 (35)
N2 14 (10)
N3 5(4)
NXx 1(1)
Metastatic stage, N (%)
Mo 35 (26)
M1 32
Mx 97 (72)
Her2neu receptor, N (%)
Positive 16 (12)
Negative 119 (88)
Local treatment, N (%)
Lumpectomy alone 2 (1)
Lumpectomy + 84 (62)
radiotherapy
Mastectomy alone 28 (21)
Mastectomy + 21 (16)

radiotherapy
(Neo)adjuvant chemotherapy, N (%)

Yes 72 (53)
No 63 (47)
Tamoxifen dose, N (%)
10 mg 11 (8)
15 mg 2(1)
20 mg 93 (69)
30mg 8 (6)
40 mg 21 (16)

British Journal of Cancer (2025) 132:180-187
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of 57 points for FACT-ES19 was found. This coincides with scores
from earlier studies in patients treated with tamoxifen (59-62
points) [48-50].

Anxiety, depression, fatigue, and endocrine side effects were all
correlated with self-reported cognitive function. More severe
symptomatology was consistently associated with more severe
self-reported cognitive complaints and greater interference of
these complaints with daily functioning. In contrast, no associa-
tions were found between objective cognitive function and
anxiety, depression, physical and mental fatigue, and endocrine
symptoms. Only reduced activity and reduced motivation were
weakly associated with two of the ten ACS outcomes. A
correlogram visualizing the association between objective and
subjective cognitive function and the self-reported outcome
measures can be found in Appendix A.

Tamoxifen exposure and cognitive function
In Fig. 2, results of the linear regression analyses of tamoxifen and
endoxifen plasma levels and tamoxifen dose on objective and
subjective cognitive function are illustrated in a forest plot (see
Appendix B-D for detailed regression models).

Tamoxifen plasma levels were negatively associated with
cognitive test performance on 5 out of the 10 ACS outcomes
(i.e., Connect the dots 1&Il, Wordlist learning, Box tapping, and Fill
the grid). After including age as a covariate, the associations
remained significant for 2 ACS outcomes (i.e., Box tapping and Fill
the grid). A difference of 100nM in tamoxifen plasma levels
corresponded to a difference of Z=0.14 in visuospatial working
memory and a difference of Z=0.24 in motor functioning. Self-
reported cognitive function was associated with tamoxifen levels
as well. Higher exposure was associated with less self-reported
cognitive complaints on the MDASI-MM severity and interference
scale. After including age as a covariate, the association between
tamoxifen levels and self-reported severity of memory and
attention complaints disappeared.

Endoxifen plasma levels were negatively associated with
performance on 3 ACS outcomes (i.e., Wordlist learning, Box
tapping, and Fill the grid). After including age, the association
remained significant on 2 ACS outcomes (i.e., Box tapping and Fill
the grid). A difference of 10nM in endoxifen plasma levels
corresponded to a difference of Z=0.24 in visuospatial working
memory and a difference of Z=0.38 in motor functioning.
Endoxifen plasma levels were not associated with self-reported
cognitive function.

Tamoxifen dose was negatively associated with performance on
2 ACS outcomes (i.e,, Wordlist recall and Fill the grid). Including
age as a covariate did not alter the results. Specifically, a difference
in tamoxifen dose of 10 mg corresponded to a difference of
Z=0.24 in memory recall and a difference of Z=0.48 in motor
functioning. Tamoxifen dose was associated with self-reported
cognitive function. Again, higher dose was associated with less
severe cognitive complaints on the MDASI-MM severity scale.
However, after including age, this association disappeared.

To further explore the effect of age on cognitive function and
the association with tamoxifen exposure, a median-split was
performed based on age (median =57 years). Z-scores were
recalculated based on no-cancer controls from the same age
group and the regressions were repeated. Patients aged 57 years
or older showed relatively poorer cognitive function compared
with controls of the same age than the group below 57 years, with
worse performance on tests of verbal learning, processing speed,
executive functioning, and motor functioning, whereas the
younger group only showed slower reaction speed (Appendix E).
In the patients with an age below 57 vyears, the negative
associations between cognitive function and tamoxifen and
endoxifen levels remained or reached significance for other ACS
outcomes as well (i.e., Connect the dots I, Wordlist learning,

183



MJ. Luijendijk et al.

184

Worse performance Controls Better performance
—c beroTmane N
1
) Wordlist learning
Learning &
memory
Wordlist recall
Box tapping
Attention
& working Digit sequences |
memory
Digit sequences I
. Reaction speed | *
Processing :
speed
Connect the dots |
) Connect the dots Il
Executive
functioning
Place the beads
Motor ) .
functioning Fillthegrid {70 0, 1
-1.5-1.0-05 00 05 10 15
z-score
Fig. 1 Cognitive test performance. Visualized are patients’ average

ACS Z-scores, standardized based on the matched control group.
The shaded area indicates the 95% confidence interval. * indicates
significant deviation from 0.

Reaction speed, and Place the beads), but the associations with
tamoxifen dose disappeared. In patients aged 57 years or older
the associations with tamoxifen and endoxifen levels disappeared,
while the associations with tamoxifen dose remained
(Appendix F).

DISCUSSION

In the largest study conducted thus far, we investigated the effect
of tamoxifen on self-reported and objectively measured cognitive
function. After two years of tamoxifen treatment, women with
breast cancer report mild cognitive complaints and perform worse
than matched no-cancer controls on the cognitive domains of
verbal learning, processing speed, executive functioning, and
motor functioning. Moreover, this study was the first to investigate
a potential exposure-dependent association and found that
performance was associated with tamoxifen and endoxifen
plasma levels and tamoxifen dose on several cognitive domains.

Older women appear particularly vulnerable for cognitive
problems across multiple cognitive domains. It is well known that
cognitive function tends to decline with healthy aging [44].
However, our study indicates that tamoxifen affects cognitive
function to a greater extent in older women (> 57 years of age),
compared to women without cancer of the same age, than in
younger women (below 57 years). These findings align with results
from the TEAM trial, where effects of tamoxifen on verbal memory
and executive functioning were most evident in older women [17].
Consequently, extra attention for this serious side effect is
required especially in the older population.

Interestingly, the exposure-dependent association found in this
study was more prominent in younger women, whereas it mostly
disappeared in older women. This may seem counterintuitive at
first but may be explained by the vulnerability at older age. Older
women perform relatively poor already at lower exposure levels.
Younger women, on the other hand, may be able to maintain their
cognitive function at low exposure but decline after exposure to
higher levels of tamoxifen, in line with theories about cognitive

Table 3. Patient-reported outcomes.
Patients Matched HCs
(n=135) (n=135)

Subjective cognitive functioning (MDASI-MM)

Severity 44+23
Memory problems 44+23
Concentration 44+24
problems

Interference 48+1.9
General activity 29+2.1
Mood 29+22
Work 33+25
Relationships 23+2.1
Walking 30+27
Enjoying life 24+2.0

Mood (HADS)

Anxiety 5.5+4.1 53+3.2

Depression 3.5+2.9 3.4+2.6

Fatigue (MFI-20)

Total fatigue 49.6 +17.3 40.9 £ 14.2
General fatigue 11.5+46 9.2+42
Physical fatigue 10.2+4.7 82+38
Mental fatigue 11.0+4.8 87+37
Reduced activity 8.8+3.8 77+34
Reduced motivation 8.0+36 7.1+£33

Tamoxifen side effects (FACT-ES)

ES19 5711

Abbreviations. MDASI-MM: MD Anderson Symptom Inventory for Multiple
Myeloma. HADS: Hospital Anxiety and Depression Scale. MFI-20: Multi-
dimensional Fatigue Inventory. FACT-ES: Functional Assessment of Cancer

Therapy-Endocrine Subscale.
All outcomes are reported as mean + SD.

reserve [51]. Menopausal status might also explain why younger
and older women are differently affected. It could be possible that
tamoxifen’s effect is different in women with different hormonal
backgrounds. Estrogen is known to affect cognition during the
menstrual cycle and menopause in healthy women [52]. Altera-
tions in estrogen level that occur during the menopause could
underlie the increased vulnerability to cognitive effects at older
age. How exactly tamoxifen and endoxifen affect the brain and
what the precise role of menopause is remains yet to be
understood.

Tamoxifen seems to have the potential to influence perfor-
mance in all cognitive domains assessed, depending on age and
level of exposure. This may be explained by the widespread
distribution of estrogen receptors throughout the brain. While
most domains coincide with those found in the literature
previously described [17, 19, 20], we also found exposure-
dependent effects of tamoxifen on tests of visuospatial memory
and motor functioning, which have not been reported before. As
mentioned previously, brain areas vary in the ratio of their
expression of ERa and ER. Ratios of ERB, hypothesized to underlie
tamoxifen’s potential effects on cognition, are highest in the
hippocampus and temporal cortex, important for verbal and
visuospatial memory [53]. ERB are also found in the prefrontal
cortex, sensorimotor cortex, and cerebellum [54], involved
amongst others in executive function [55] and motor coordination
[56]. This could explain why certain domains seem more sensitive
to varying levels of exposure to tamoxifen.
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Fig. 2 Tamoxifen exposure and cognitive function. Forest plot of unstandardized beta coefficients from linear regressions of mean
tamoxifen or endoxifen concentrations and tamoxifen dose on cognitive outcome measures, adjusted for age. For objective cognitive
function, negative coefficients indicate worse cognitive performance. For subjective cognitive function, positive coefficients indicate more

self-reported problems.

Neuroimaging could help us better understand how tamoxifen
influences cognitive function. Although widely used in imaging of
chemotherapy-induced brain changes [57], only a handful of
studies have applied imaging to examine the effects of endocrine
therapy in breast cancer patients. These studies are often limited
by small samples of patients who received mixed treatment of
both endocrine therapy and chemotherapy, making it difficult to
disentangle individual treatment effects. Nevertheless, the results
of these studies are suggestive of structural and functional
changes associated with endocrine therapy [58, 59]. Future
research should employ neuroimaging methods to further
improve knowledge about the biological mechanisms through
which tamoxifen affects the brain.

The discovered exposure-dependent association of tamoxifen
demands caution but also offers possibilities in the field of
therapeutic drug monitoring. Our findings suggest that alterations
in a patient’s administered tamoxifen dose and consequent
changes in their tamoxifen and endoxifen plasma level may have
small --yet potentially impactful-- effects on their cognitive
function. For clinical practice, this implies that in case of dose
escalation, possible adverse effects on cognition should be taken
into account. Likewise, dose reduction could potentially also be
considered in patients who suffer from cognitive impairment, in
particular in younger women with high tamoxifen and endoxifen
plasma levels [31]. Although the current study design only allowed
for cross-sectional comparison, our hypothesis-generating find-
ings warrant further investigation of the effects of dose-escalation,
reduction, or discontinuation of tamoxifen on cognition.

Tamoxifen might also affect cognition indirectly through other
tamoxifen-related side effects, including fatigue, insomnia, and
mood disturbances [60]. In this study, we indeed found that
endocrine side effects, anxiety, depression, and fatigue were
strongly associated with self-reported cognitive functioning.
However, these factors could not explain the effect of tamoxifen
on objective cognitive function. Objectively-measured and sub-
jective cognitive function are conceptually different constructs
[61]. Self-report questionnaires on subjective cognitive function
measure perceived difficulties in daily life and are known to be
strongly associated with psychological factors [61], as also evident
in our study. Standardized neuropsychological tests are less
sensitive to these psychological factors. As such, self-reported
complaints may rather reflect psychological distress instead of
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cognitive impairment. This may also explain why the exposure-
dependent association was found for objective cognitive function
but not for self-reported complaints.

This study offers several clinical implications. Clinicians must be
aware of the high prevalence of cognitive problems among
tamoxifen users. Patients should be adequately informed regard-
ing cognitive changes that may occur when starting tamoxifen
therapy. When a patient presents with cognitive complaints, it is
important to assess what underlies these complaints to refer to
appropriate care, in collaboration with neuropsychologists or
rehabilitation specialists. Patients with cognitive complaints but
without objectifiable cognitive impairments may benefit most
from interventions targeting underlying psychological factors to
alleviate their distress. In the case of cognitive impairments,
patients may benefit more from compensatory strategies to cope
with them. Our findings underscore the need for further research
and personalized clinical approaches to optimize tamoxifen
therapy outcomes while mitigating cognitive side effects.

Our study has several limitations. First, no correction for
multiple comparisons was performed, resulting in an increased
risk of type | errors. Although this was partly taken into account by
comparing the incidence of cognitive impairment to the family-
wise error rate, and the exposure-response analyses were primarily
hypothesis-generating, our results should be interpreted with
caution. Second, only patients who tolerated tamoxifen well
enough, and maintained tamoxifen therapy for two years, were
evaluated. Those who discontinued tamoxifen prematurely due to
severe tamoxifen-related side-effects were not evaluated, poten-
tially limiting our findings and underestimating tamoxifen’s
effects, as these patients could also be (most) affected cognitively.
However, objective cognitive function did not seem to be
associated with the severity of endocrine side-effects in our study.
Moreover, a previous study found no difference in cognition
based on a cognitive screener between women who discontinued
endocrine therapy within two years and those who continued [62].
Third, the hypothesized role of menopausal status could
unfortunately not be further investigated. Due to the small
number of premenopausal patients in our study, we were unable
to compare the effects of tamoxifen on cognitive functioning
between pre- and postmenopausal patients. Finally, as cognitive
function was assessed only once and we lacked a baseline
measurement in our study, no conclusions about cognitive decline
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over time could be drawn. Currently, a follow-up study is ongoing

in

which cognitive function is assessed longitudinally, with

assessments at the start and after two years of tamoxifen
(clinicaltrials.gov; NCT05525481).

CONCLUSIONS

In

the largest study thus far, we assessed cognitive function

using a validated, online neuropsychological test battery after
two years of tamoxifen treatment for breast cancer, and found
mild cognitive complaints and worse cognitive function across
several domains, especially in older women. Moreover, we are
the first to study and suggest a potential exposure-dependent
effect. Further research is needed to investigate the effects of
dose escalation, dose reduction, or cessation of therapy on
cognitive function.
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