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Zusammenfassung
Vor dem Hintergrund von Patientinnenklagen über 
Konzentrations- und Gedächtnisprobleme im Zusam-
menhang mit der systemischen Therapie des Mamma-
karzinoms sind seit den 1980er Jahren eine Reihe von 
Studien zur Untersuchung einer möglichen Abnahme 
kognitiver Fähigkeiten erschienen. Bei Patientinnen, die 
eine Behandlung mit Zytostatika erhalten hatten, zeigten 
sich in zahlreichen Studien Leistungsminderungen. Die 
Ergebnisse sind jedoch in Bezug auf Profil, Ausmaß und 
Dauer der kognitiven Beeinträchtigungen uneinheitlich. 
In den letzten Jahren ist ein zunehmendes Forschungs-
interesse an den Auswirkungen der endokrinen Therapie 
auf die kognitive Leistungsfähigkeit der Patientinnen zu 
verzeichnen, insbesondere daran, inwieweit eine durch 
die Aromatasehemmertherapie hervorgerufene, nahe-
zu vollständige Östrogendeprivation kognitive Fähig-
keiten beeinflusst. In vielen der bisher publizierten Un-
tersuchungen wurden die Auswirkungen der endokrinen 
Therapie nicht isoliert von der zytostatischen Behand-
lung untersucht, die jedoch als Störfaktor zu werten ist. 
Zudem wurden die verschiedenen endokrinen Medika-
tionen (Antiöstrogene vs. Aromatasehemmer) trotz un-
terschiedlicher Wirkungsweise meist nicht separat von-
einander betrachtet. Die Ergebnisse der bisherigen Un-
tersuchungen sind auch hier uneinheitlich. Künftig sind 
prospektive Studien mit größeren Stichproben sowie 
eine Trennung von Chemotherapie und endokrinen The-
rapieformen erforderlich. Letztere sollten ebenfalls sepa-
rat von einander untersucht werden. 
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Summary
Many patients with breast cancer complain about con-
centration and memory problems in connection with sys-
temic therapy. A number of studies investigating the pos-
sible decrease in cognitive abilities were published in the 
1980s. Numerous studies showed impaired performance 
of patients receiving chemotherapy. The results concern-
ing profile, extent, and duration of cognitive impairments 
are, however, non-uniform. Increasing interest has been 
focused in the last years on effects of endocrine therapy 
on cognitive capacity – especially concerning the effects 
of the almost complete estrogen depletion caused by ar-
omatase inhibitors. Often, the published studies did not 
evaluate particular effects of endocrine therapy without 
considering interference of cytotoxic treatment. Further-
more, the different endocrine medications (antiestrogens 
vs. aromatase inhibitors) were usually not regarded sep-
arately despite different mechanisms of action. Hence, 
the results of past investigations are also controversial. 
In the future, prospective trials with larger samples are 
necessary. Differentiation between chemotherapy and 
endocrine therapy is essential. Likewise, different types 
of endocrine therapy should be examined separately.
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Introduction

It is remarkable that numerous patients with breast cancer re-
port about memory and concentration problems. Against this 
background, in the 1980s, potential factors influencing men-
tal performance were evaluated in connection with systemic 
cancer therapy. First, the main point of research lay on cogni-
tive effects caused by chemotherapy, but increasing interest 
has been focused on the effects of endocrine therapy for some 
time.

Cognitive Effects of Chemotherapy for Breast Cancer

Imaging Procedures and Psychological Investigation

The majority of psychological tests investigating the topic 
of cognition and chemotherapy show a connection between 
chemotherapy and reduced performance [1–12]. By means 
of imaging procedures, morphologic and metabolic changes 
in the brain of female patients who were on chemotherapy 
compared with a healthy control group were proven. Results 
showed a decrease in grey brain substance [13] on the one 
hand, and a reduction in metabolic activity in the Gyrus pre-
centalis and Broca’s language center [14] on the other hand. 
Schagen et al. [15] observed asymmetries in the alpha rhythm 

 0.5 Hz approximately 2 years after chemotherapy, with pa-
tients having received high-dose chemotherapy particularly af-
fected. Also, Silvermann et al. [16] used positron emission to-
mography (PET) imaging to show that breast cancer patients 
while dealing with memory tasks had a significant decrease 
in cerebral blood flow in some regions of the frontal cortex 
and the cerebellum 5–10 years after they had received chemo-
therapy. Patients who had additionally received tamoxifen 
showed a reduction in basal ganglia metabolism compared 
with patients who exclusively received chemotherapy and the 
untreated control group. Further side effects of chemother-
apy, e.g. anemia [17], are likewise associated with increased 
concentration and memory problems as well as a decreased 
control function concerning planning and acting [18].

The majority of the test-psychological investigations on the 
topic of ‘cognition and chemotherapy’ when treating breast 
cancer shows impairment in comparison with the control 
group [1, 7–9, 11]. Still, the exact connection between chemo-
therapy and cognitive efficiency is not fully clarified. The 
measured loss of performance varies strongly between the 
different investigations, with incidences from 16% [19] up to 
75% [7]. The profile of the neuropsychological deficits differs 
as well. The question of a cognitive long-term impairment is 
under discussion. Schagen et al. [20] report about almost com-
plete recovery of the cognitive deficits whereas Ahles et al. 
[11] still see impairments 10 years after chemotherapy. 

Further Influencing Factors

Other influencing factors are being increasingly discussed as 
reasons for cognitive impairment, such as changes in the hor-
monal environment due to therapy-induced menopause, ter-
mination of hormone replacement therapy, or endocrine ther-
apy. Increasing evidence consolidates that emotional distress 
is also involved in causing impaired cognitive achievement [1, 
21–23]. Also, side effects like fatigue and reduced quality of 
life, as well as additional medication (e.g. steroids, analgesics) 
could reduce cognitive levels [24].

Meta-Analyses and Reviews

Some authors compiled meta-analyses on studies examin-
ing cognitive effects of cytostatic therapy. Stewart et al. [25] 
analyzed 7 studies, and determined a slight but significant 
impairment of general cognitive efficiency; however, the re-
sults were not clinically relevant. Also, Mores et al. [4] stated 
in a review that cognitive impairments were statistically sig-
nificant, but the effects were small and probably insignificant 
for everyday life. They emphasized the importance of always 
publishing the level of the effect. Falleti et al. [26] reviewed 
5 cross-sectional studies and 1 longitudinal study. The results 
showed that women who received adjuvant chemotherapy for 
breast cancer were also cognitively impaired. It was demon-
strated that deficits were larger the shorter the period since 
the last chemotherapy. The extent of measured impairment 
seemed, however, to be connected with the individual study 
design. Jansen et al. [27] analyzed 16 studies which dealt with 
cognitive effects of chemotherapy. They concluded that in all 
studies significant impairments regarding visual memory were 
seen independent of the selected control group. However, 
when comparing neuropsychological test data with standard 
test values, significant differences also showed up in areas 
of control function for planning and acting, speed of data 
processing, as well as verbal and visual memory.

Prospective Studies

It is remarkable that in recent prospective investigations no or 
only a small decrease in capacity was determined. The 3-year 
prospective study by Jenkins et al. [28], in which cognitive im-
pairments were examined particularly in patients with breast 
cancer, showed no significant differences between the indi-
vidual groups (patients with chemotherapy vs. patients with 
endocrine therapy vs. healthy control group). Patients with 
chemotherapy-induced menopause revealed non-significant 
impairment. Except for some patients who showed restrictions 
regarding concentration and memory, the majority was either 
unimpaired or even improved their performance over time. 
A further prospective study by Hermelink et al. [22] on pa-
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tients with breast cancer found average values below standard 
even before neoadjuvant chemotherapy. After chemotherapy, 
however, only part of the patients (27%) showed decreased 
results, the majority showed no change (45%), and a small 
group even improved their performance (28%).

Interpretation of Findings

Reasons for rather heterogeneous results probably lie in the 
variety of study designs (table 1). Most studies were launched 
as cross-sectional investigations, and cognitive achievements 
were rarely evaluated before systemic treatment. Therefore, 
patients who exhibit average cognitive values after chemo-
therapy can yet be impaired since an above average level 
could have been possible before treatment. However, even in 
longitudinal investigations, it cannot be excluded that cogni-
tive impairments due to diagnostic shock or surgical proce-
dures were already present and could have improved until the 
second census. Since participation in cognition tests is volun-
tary, samples are self-selected, i.e. rather intelligent and mo-
tivated patients admit themselves to test-psychological inves-
tigation. Most investigations have small samples. In addition, 
the test ranges of cognitive abilities are not standardized, and 
the assigned chemotherapy and time of census differ between 
each publication. Emotional distress as influencing factor 
was partly neglected. The selection of the control groups dif-
fered substantially. Additional medication apart from chemo-
therapy was often insufficiently documented. Changes in the 
hormonal situation by chemotherapy-induced menopause or 
adjuvant endocrine therapy were not always considered. Ulti-
mately, different methods of data analysis showed diverse re-
sults [24]. Generally, it was also neglected that chemotherapy 
patients almost completely withdraw from social and voca-
tional life and thus have less mental input than vocationally 
active healthy subjects. Mental performance can be reduced, 
however, also due to lack of training. It is shown that people 
who mentally stimulate themselves even in older age have a 
smaller risk of developing dementia [29]. Also, physical ac-
tivities contribute to preservation of mental health [30]. Most 

extensive agreement exists on the fact that patients exposed 
to high-dose chemotherapy or numerous chemotherapy cycles 
show impairment more often [7, 8, 11]. Self-reported cognitive 
restrictions in most investigations do not correlate with the 
objective test data but with fear and depression.

In accordance with the majority of authors, prospective in-
vestigations with larger samples and better analysis of other 
influential factors are required including a detailed collection 
of baseline data before use of systemic treatment. In the treat-
ment of breast cancer, individual substances might have dif-
ferent effects on mental activity. In a longitudinal investiga-
tion, Bender et al. [31] determined impaired verbal memory 
in those patients who received chemotherapy. Patients who 
were additionally treated with tamoxifen showed a reduction 
in both visual and verbal memory. Silverman et al. [16] deter-
mined significantly reduced metabolism in the basal ganglia in 
patients who had been treated with tamoxifen besides chemo-
therapy. Treatment of hormone receptor-positive postmeno-
pausal breast cancer has shifted from the selective estrogen 
receptor modulator tamoxifen to third generation aromatase 
inhibitors. The question arises to what extent treatment with 
aromatase inhibitors, which results in almost complete sup-
pression of estrogen levels, might affect cerebral function. 
Some form of influence seems inevitable since estrogen recep-
tors were demonstrated in the brain [16].

Cognitive Effects of Endocrine Therapy

Estrogen and the Brain

Estrogen receptors are found in the hypothalamus, the pitui-
tary gland, the cerebral cortex, the central brain, and the brain 
stem [32]. Estrogen receptors are also present in the hippo-
campus, the essential structure for cognitive processes such as 
learning and memory, emotions, and the rapid eye movement 
(REM) sleep [33, 34]. Different neuro- and psychoprotec-
tive effects of estrogens were found in the last years. Several 
studies showed that estrogens can affect the morphology of 
the hippocampus [35–37] by promoting synapse formation 
and density of synaptic branching in the hippocampus and 
strengthening the hippocampal long-term potentiation [38]. 
Animal experiments proved that estrogens promote forma-
tion of new dendritic thorns on hippocampal CA1 pyramid 
cells [39]. Estrogens also affect different neurotransmitter 
systems in the brain, like the dopaminergic, serotonergic, 
glutamergic, noradrenergic, and cholinergic systems [40]. The 
hormone 17 -estradiol also protects neurons by exerting an 
antioxidative effect against oxidative stress [41]. Finally, pro-
tective effects of estrogen contribute to reducing the risk of 
developing Alzheimer’s disease [33] or schizophrenia [42]. 
Positive estrogen effects could also be found in patients with 
Parkinson’s disease [43] and in connection with reduced sus-
ceptibility for convulsions [44]. Increased release after brain 

Table. 1. Reasons for limited comparability of individual study results

– Study design: cross-sectional investigations vs. longitudinal studies
– Small samples
– Differences
  Type of chemotherapy
  Duration of treatment
  Consideration of endocrine aspects
  Selection of cognitive function tests
  Time points of census
  Selection of control groups
  Consideration of other medication
  Application of statistical procedures
  Secondary diagnosis
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injury also points towards a neuroprotective function of es-
trogens [34]. Estrogens, however, also affect brain function 
by improving cerebral blood flow [45] and optimizing glucose 
uptake in the brain [46]. High estrogen doses act antidepres-
sive and reverse effects of antidepressants in animal experi-
ments. Moreover, estrogen influence was determined for 
short-term memory, fine motor skills, and spatial orientation 
in healthy women [43]. Several authors found protective or 
achievement-increasing effects of estrogen and/or estrogen 
and progesterone replacement in postmenopausal women 
[47, 48]. In a randomized placebo-controlled investigation on 
postmenopausal women (Women’s Health Initiative Memory 
Study), however, no advantage could be measured regarding 
cognitive achievements in patients with hormone replacement 
in comparison to the placebo group, even though there were 
more women with lag of cognitive function. The contradictory 
findings of the individual studies may be explained by the role 
of the start of hormone therapy with regard to the patient’s 
age. Much evidence is given that positive effects of hormone 
replacement therapy are present if therapy begins immedi-
ately after menopause. In later years, damage may even occur 
since brain aging has progressed by the time hormone replace-
ment is started [49].

Imaging Procedures, Neurophysiological and Psychological 
Investigation

Considering the almost complete inhibition of estrogen syn-
thesis by treatment with aromatase inhibitors, decreased syn-
apse density and fewer synapse-relevant proteins are expect-
ed. Effects on the excitation transmission of the synapses in 
the hippocampus are probable; this might result in cognitive 
performance lags. In contrast to the influence of estrogens 
on neurophysiological actions, current research hardly sup-
plies conclusive results on the topic of cognitive changes by 
endocrine therapy of breast cancer. Studies on cognitive ef-
fects of tamoxifen are rare and have non-uniform results. It 
was shown in animal experiments that tamoxifen can lead to 
impairment of learning and memory in mice [40].

Eberling et al. [37] examined effects of estrogen and 
tamoxifen by means of PET and magnetic resonance imaging 
(MRI). Patients on tamoxifen were compared with patients 
on estrogens and also a control group without medication. 
Women under tamoxifen showed a decreased metabolism in 
expanded areas of the inferior and dorso-lateral front lobe as 
well as significantly weaker performance regarding semantic 
memory compared with the 2 other groups. The right and left 
volume of the hippocampus was significantly smaller than that 
of the estrogen group. The untreated group achieved results 
between the tamoxifen and the estrogen group. In a pilot 
study, Jenkins et al. [50] evaluated breast cancer patients in 
order to examine whether endocrine therapy (ATAC design: 
arimidex-tamoxifen alone or in combination) has an effect on 

cognition. The results point to the fact that not all cognitive 
ability is affected. Significant differences were determined 
compared to the control group regarding verbal memory, 
particularly the immediate recall and information-process-
ing speed. The length of the endocrine therapy did not cor-
relate with the occurrence of cognitive impairments. Com-
parison between the treatment arms (aromatase inhibitors vs. 
tamoxifen) was not intended. But since aromatase inhibitors 
act differently from antiestrogens, diverse and possibly oppo-
site effects could be expected. 

Bender et al. [51] examined patients with breast cancer 
on tamoxifen or anastrozole for at least 3 months duration. 
Patients on aromatase inhibitors showed weaker perform-
ance in visual and verbal learning compared to the tamoxifen 
group. In an investigation by Palmer et al. [52], premenopau-
sal patients on tamoxifen with an average treatment duration 
of 2.3 years were compared with a healthy control group. 
None of the subjects had received chemotherapy. Patients on 
tamoxifen were compromised compared to healthy subjects 
regarding visual and verbal memory, verbal fluency, abil-
ity of spatial orientation, and information processing speed. 
Also, Collins et al. [53] determined a decrease in mental ef-
ficiency in breast cancer patients on endocrine therapy. In a 
longitudinal study, they examined patients on tamoxifen vs. 
anastrozole vs. a healthy control group. The results of a neu-
ropsychological test battery were compared at the beginning 
of therapy and 5–6 months later. The achievements of the 2 
endocrine groups between the 2 time points in comparison 
with the healthy control group were weaker. In comparison to 
the healthy control group, the group on aromatase inhibitors 
had a 9-fold risk of decreased cognitive results, the tamoxifen 
group, however, only a 5-fold risk. Additionally, the group 
on anastrozole (small sample n = 14!) showed weak results in 
nearly all fields. Endocrine-treated patients were impaired es-
pecially concerning information-processing speed and verbal 
memory.

Ernst et al. [54] report a decrease in the cerebral marker 
myo-inositol (MI) in patients on tamoxifen. A higher concen-
tration of MI is associated with poor memory functions, and 
MI levels decrease with age [55]. The patients examined by 
Ernst et al. [54] received tamoxifen or hormone replacement 
therapy or neither. Both tamoxifen groups and the hormone 
replacement group showed clearly reduced concentrations of 
MI in all brain regions in comparison to the control group. In-
creased duration of tamoxifen therapy led to a greater benefit 
for the patients. This suggests that tamoxifen treatment could 
have protective effects by exerting a partially intrinsic effect 
on memory function. It remains unclear to what extent these 
results are transferable to younger patients.

The investigation by Paganini, Hill, and Clark [56] found 
no significant difference between the cognitive achievements 
over time in patients taking tamoxifen and those who did not 
take the medication. Substantial methodical deficits during 
data capture should be noted. Also, Schagen et al. [9] and 
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Ahles et al. [11] revealed no significant differences between 
patients with and without tamoxifen treatment. Similar results 
were found by Hermelink et al. [57]. Their prospective inves-
tigations on patients before and after adjuvant chemotherapy 
to investigate the effects of endocrine therapy were supple-
mented with another census. The results of the third testing 
1 year after the first data acquisition did not show significant 
differences comparing treated patients with those who did not 
receive therapy. Also, the comparison between the tamoxifen 
and the aromatase inhibitor group did not show significant 
differences. However, the duration of endocrine therapy was 
rather short and the sample size of aromatase inhibitor pa-
tients very small (n = 13). Jenkins et al. [58] came to similar 
conclusions [58]. They launched a subprotocoll in the con-
text of the IBIS II trial (double-blind randomized prevention 
study for the investigation of the preventive effect of anastro-
zole vs. placebo for postmenopausal risk patients) to measure 
the effects of anastrozole on mental performance. The assess-
ment took place before randomization, after 6 and after 24 
months. No significant differences were determined between 
the anastrozole group and patients on placebo. However, only 
67% of the patients reached the third time point of evaluation 
since due to side effects numerous patients dropped out of the 
study prematurely, which may have caused an underestima-
tion of the effects. It is also not clear whether long-term use of 
anastrozole > 24 months leads to a reduction in cognitive per-
formance. Besides, it is well known that compliance for endo-
crine therapy is reduced in patients with breast cancer. Since 
patients with disease deal less carefully with medical advice, 
the question arises whether this does not all the more apply to 
healthy test persons (e.g. prevention IBIS II trial). 

Interpretation of Findings

On the one hand, evidence on the topic of antiestrogen thera-
py and cognition seems very heterogeneous, sometimes even 
contradictory. On the other hand, numerous references show 
that a change in estrogen levels can cause both anatomical 
and physiological changes in the central nervous system. It 
is essential to separate and compare the different endocrine 
therapies when investigating cognitive changes, since anti-
estrogens and aromatase inhibitors each have a specific and 

different mechanism of action. Also, patients treated with 
chemotherapy should be excluded since this therapy is to be 
considered as an interference factor. Similar to studies dealing 
with chemotherapy and cognition, it is difficult to find a suit-
able study design. Even with a longitudinal study design, di-
agnostic shock and surgery can affect cognition. Additionally, 
the extent of incompliance is not to be underestimated. Since 
patients take their medicines unobserved, there is no control 
of whether they adhere to the instructions. In some studies, 
non-compliance was examined in breast cancer patients on 
endocrine therapy. A questionnaire completed by 100 breast 
cancer patients to whom tamoxifen or an aromatase inhibitor 
was prescribed indicated that all patients obeyed the instruc-
tions. However, this was only verified for 80% of patients on 
tamoxifen and 66% of patients on aromatase inhibitors [59].

Conclusions

The effects of systemic therapy for breast cancer on cognitive 
performance have been evaluated by numerous studies. How-
ever, the data situation remains rather heterogeneous. The 
consequences of chemotherapy for the central nervous system 
are not clearly determined with regard to general incidence, 
extent of performance impairment, and affected functions. 
There are references that chemotherapy-induced menopause 
can also lead to cognitive impairment; this points to a de-
crease in mental performance caused by estrogen deficiency. 
Published data regarding endocrine therapy for breast cancer 
with antiestrogens or aromatase inhibitors is also contradic-
tory. Individual studies differ, however, greatly in their setup. 
Prospective investigations with large sample size and a sepa-
ration of chemotherapy and endocrine therapy are mandatory 
in the future. Different forms of endocrine therapy should be 
evaluated separately. Emotional distress should be considered 
as an influential factor. In such studies, it would be ideal to 
control the real intake of endocrine medication by laboratory 
tests in the context of the respective cognition studies.
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