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Chapter 2

Introduction

Endocrine treatment is an important option for patients with hormone-sensitive breast
cancer. For decades, tamoxifen (a selective estrogen receptor modulator [SERM]) was the
standard adjuvant endocrine treatment for postmenopausal women. Recently, several
clinical trials showed that including an aromatase inhibitor (Al) in adjuvant endocrine
therapy, for example anastrozole, letrozole or exemestane, further improves survival
relative to treatment with tamoxifen onIy.:l Although generally well tolerated, endocrine
treatments have side effects which are of clinical concern.’ Many side effects of endocrine
therapy, such as hot flashes and mood disturbances, are related to estrogen deprivation
and are common to tamoxifen and Als. In addition, tamoxifen has estrogenic effects that
are beneficial in some tissues: tamoxifen lowers serum cholesterol levels and protects
against bone loss and cardiovascular disease, but is also associated with a higher risk of
endometrial cancer and thromboembolic disease.’ Als are associated with a lower
incidence of gynecological symptoms and hot flashes than tamoxifen. However, Als are

associated with musculoskeletal side effects, such as arthralgia, myalgia and bone loss.>

Whether the various endocrine treatments affect cognitive functioning has never been
thoroughly studied and thus is largely unknown. Currently, the understanding of the role
of estrogens in the brain and with respect to cognitive functioning grows. As a
consequence, there are increasing concerns about the possible effects of endocrine

. . . 4
treatments for breast cancer on cognitive functioning.

This chapter presents an overview of the current literature about possible influences of
endocrine therapy for postmenopausal breast cancer on cognitive functions, such as
memory, information processing speed and executive functioning. The first part of this
review will provide an introduction into the influence of estrogens on cognitive
functioning, with a focus on the effects found in women during and after the menopausal
transition. In the second part, the neuropsychological literature on the impact of
endocrine therapy for postmenopausal breast cancer patients on cognitive functioning will

be reviewed.
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The influence of endocrine treatment on cognitive functioning: a review

The influence of estrogens on cognitive functioning
Evidence from basic neuroscience

The influence of estrogens on the female body is not restricted to the reproductive
functions, but extends towards many physiological processes, such as processes that are
important for bone density and cardiovascular functions.” In addition, there is increasing
evidence that estrogens play a role in central nervous system functioning.6 Preclinical
neuroscientific studies indicate that estrogens exert neurotrophic and neuroprotective
actions in the brain.” The mechanisms of action of estrogens on brain structures are not
entirely understood, however. There are many hypotheses for estrogenic actions on brain
tissue and brain functioning, including estrogenic activity through receptors that are
present in brain structures important for cognitive function, for example the hippocampi
and the cerebral cortex.®’ Furthermore, it has been suggested that estrogens have a
beneficial effect on neurotransmitters that are involved in cognitive processes, such as the
enhancement of cholinergic function.®'® Other proposed beneficial effects are protection
of the brain against ischemic damage by exerting anti-inflammatory actions after ischemic
injury7’11, promoting survival of brain cells” and increasing cerebral blood flow and glucose

transport into the brain."

Although up till now most of the research into the mechanisms of action of estrogens is
not specifically aimed at the ‘aging’ brain, knowledge from basic neuroscience may be
important to understand cognitive functioning in women during and after the menopausal

transition.

Evidence from neuropsychological research in aging women

There is increasing evidence to suggest that normal aging is associated with cognitive
decline in several cognitive domains, including memory, information processing speed and
reasoning.13 In contrast, other cognitive functions, such as vocabulary and other aspects of
intelligence are relatively stable and show only minor decline with :aging.14 Given the link
between estrogens and cognitive functioning established in basic neuroscience, as well as
the fact that the ovarian production of estrogens decreases substantially in midlife,
investigators have attempted to determine the influence of the decreasing estrogen
levels, as well as the administration of estrogen to women following menopause, on

cognitive functioning.
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Chapter 2

During the menopausal transition, levels of estrogen decrease gradually but substantially.
Information about the influence of the natural menopausal transition on cognitive

15-18

functioning is relatively scant. In general, no effects on cognitive functioning or, at the

. eys . . 19 . . .
most, weak effects on particular cognitive domains, i.e. memory ™, information processing

20,21 22
or verbal fluency™ are found.

speed
In contrast with the gradual decline of estrogen levels in natural menopause, surgical
menopause results in an abrupt drop of estrogen levels. Up till now, there are a few
studies conducted into the influence of surgical menopause on cognitive 1‘unctioning.23'26
All these studies point in the same direction suggesting that surgical removal of the
ovaries has an effect on verbal memory functioning coincident with the changes in plasma
estrogen levels. Whether this is a transitory or lasting effect is not yet clear. A recent case-
control study suggested that long-term estrogen deprivation following surgical
menopause has long lasting effect as it is found to increase the risk of dementia occurring

. . 27
later in life.

After the menopausal transition, estrogen levels are low, but in that low range individual
hormone levels vary between women. Some authors have investigated associations
between estrogen levels and cognitive performance in postmenopausal women, but the
results of these studies are inconclusive. Some studies suggest that higher endogenous

28-30

estrogen levels are related to better scores on verbal memory tasks™ -, or to a smaller

3233 suggest the opposite effect, i.e. a detrimental

risk of cognitive decline.* Other studies
effect of higher endogenous estrogen levels on memory and verbal fluency, respectively.
Finally, some studies indentified mixed associations, depending on the evaluated cognitive
domain®®, or no clinically meaningful association between serum estrogens and cognitive

ability.34

In the last decades, numerous studies have evaluated the possible influences of hormone
replacement therapy (HRT, mostly prescribed for relieving menopausal symptoms) on
cognitive functioning and the risk of developing dementia. Although not all studies have
provided support for a beneficial effect of the administration of estrogen on cognitive
functioning, several meta-analyses showed a significantly reduced risk for developing

. . . . 35-37
dementia and Alzheimer’s disease in HRT users.
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In a large randomized, placebo-controlled study, the Women’s Health Initiative Memory
Study (WHIMS), the effects of estrogen with or without a progestin on probable dementia
and, secondarily, mild cognitive impairment were examined in healthy women over 65
years of age. Contrary to the expectations, a significantly increased risk of ‘probable
dementia’ was found in the estrogen plus progestin group, the ‘estrogen alone’ group
showed a non-significant increase in probable dementia. Remarkably, the risk of mild
cognitive impairment, thought to be a precursor to Alzheimer’s disease, was not increased

in both groups.gs'41

In an attempt to resolve the inconsistencies in the literature regarding
estrogen and cognition, the ‘critical-period’ hypothesis was formulated. According to this
hypothesis, HRT optimally protects against cognitive decline when treatment is started
close in time to menopause, whereas starting treatment decades afterwards is not

beneficial or might even harm."

Possible explanations for the ‘critical period’ are for example that the rather rapid
deprivation of estrogen at the time of menopause may have a more pronounced effect on
neurons. HRT could conceivably prevent that detrimental effect. It is also possible that,
after a long period of deprivation of estrogen, neurons become less sensitive to estrogen,
or that older neurons have reduced responsibility for that hormone.” Several reviews">*
give support for the idea of a limited time window as they showed a beneficial effect of
estrogen supplementation on certain cognitive functions (verbal memory and attention) in
women under 65 years of age, but no effect in older women. However, there are also

studies that do not support such a ‘critical period’ hypothesis.*

The influence of endocrine therapy for breast cancer on cognitive functioning

In the etiology of breast cancer, estrogens play a major role. A high percentage of the
malignant breast tumors depend on estrogens for their growth. In order to stop or slow
down the growth of the tumor, endocrine therapy for postmenopausal breast cancer
interferes with estrogen biosynthesis (Als) or with the growth-promoting activity of
estrogen (SERMs).

Because of the link between estrogens and cognitive functioning, it is theoretical plausible
that endocrine therapy for breast cancer may have an effect on cognitive function.
Although endocrine therapy is widely used among breast cancer patients, and often for

many years, the potential effects on cognitive functioning are hardly studied.
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Chapter 2

This section will give an overview of the studies conducted up till now on the possible
effects of endocrine therapy (Als and SERMs, respectively) on cognitive function. PubMed
was used to identify the studies. We used the search terms (‘Serm’ OR ‘tamoxifen’ OR
‘raloxifene’ OR ‘aromatase inhibitor’) AND (‘cognitive’ OR ‘memory’). We used the limits
‘human’ and ‘female’. Of the identified studies, we selected only studies that included
neuropsychological measures. Some of these studies used additional neuro-imaging
techniques or self-report measures to evaluate the effects of endocrine treatments on the
brain. In this overview only the results of the neuropsychological measures are reported.

All reported studies are, in chronological order, summarized in table 1.

Selective estrogen receptor modulators

In breast cancer treatment, tamoxifen is widely used in both pre- and postmenopausal
patients. In the 1960’s, when the drug was synthesized, it was demonstrated to have anti-
proliferating effects in the breast. The drug appeared to be capable of binding to the
estrogen receptors in breast tissue, thereby preventing estrogen from promoting tumor
growth. Tamoxifen thus became widely known as an anti-estrogen. Since then, it has been
discovered that it, paradoxically, has many estrogenic qualities, including agonist effects
on bone, blood lipids, and the endometrium.* This finding led to the development of new
drugs with specific and selective effects on the estrogen receptor function. Currently,
tamoxifen and related drugs are collectively known as selective estrogen receptor
modulators (SERMs)."

Data on the impact of tamoxifen on cognitive function are scarce. The finding that
tamoxifen treatment often induces hot flashes led to the hypothesis that tamoxifen acts
as an estrogen antagonist within the central nervous system and may in the long term
lead to cognitive deficits.*® Experimental evidence for a detrimental effect on memory was
found in two experiments with mice. The results suggest that tamoxifen impairs memory

function (particularly the retrieval of spatial information) in mice.*”*°

Six neuropsychological studies included tamoxifen users. Paganini-Hill and Clark®® were
the first to investigate the effect of tamoxifen on cognitive functioning in breast cancer
patients, using a questionnaire including three neuropsychological tests (clock drawing,
copying a cube and narrative writing). Data from past tamoxifen users, current tamoxifen

users and those who had never taken tamoxifen were analyzed. Using a cross-sectional
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design, few differences were found between test scores of women who had used
tamoxifen for the standard 5 years and those who had never taken it. Current users had
significantly lower mean complexity scores on the narrative writing task. This study

suggests that current use of tamoxifen may adversely affect cognition.

Ernst et al.*’ and Eberling et al>* used several neuropsychological tests in addition to
neuro-imaging techniques (a screening instrument and tests for psychomotor speed“,
object naming, attention span, verbal memory, and pattern recognition’") in small groups
of breast cancer patients, estrogen users and control women. Only on the naming test a
difference was observed between the groups: the tamoxifen users showed significantly

poorer performance than estrogen users and healthy controls.

In one study, cognitive tests were administered in postmenopausal breast cancer patients
who were randomized to tamoxifen, anastrozole (an Al) or the combination of both
agents.52 Patients receiving endocrine therapy demonstrated impaired verbal memory and
information processing speed compared with a healthy control group. Unfortunately, the
authors did not distinguish between the three treatment arms, leaving unclear whether

different endocrine agents have distinguishable effects on cognitive functioning.

In two small studies, the results indicated more severe cognitive impairment in
anastrozole users compared to tamoxifen users. The first study showed that anastrozole
users had significantly more severe impairment than tamoxifen users on tests for visual
and verbal learning and memory.53 The second study®® included a healthy control group
besides tamoxifen and anastrozole users. Both the patients taking tamoxifen as those
taking anastrozole were more likely than healthy controls to show reliable cognitive

decline from the start of treatment to 5-6 months later (39%, 64% and 7% respectively).

Although data on tamoxifen are sparse, the cognitive effects of another SERM (raloxifene)
are well documented. Raloxifene differs from tamoxifen in the profile of estrogenic and
anti-estrogenic qualities: it has anti-estrogenic qualities for both breast- as endometrial
tissue, and estrogenic qualities for bone tissue. The role of raloxifene in the treatment of
breast cancer is limited. According to the 2009 American Society of Clinical Oncology
guideline on pharmacologic interventions for breast cancer risk reduction, raloxifene (60

mg/d) for 5 years may be offered as an option to reduce the risk of ER-positive invasive
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breast cancer for postmenopausal women at increased risk for breast cancer.” Raloxifene
is currently primarily used in treatment and prevention of osteoporosis and therefore,
most studies into the effects of raloxifene on cognitive functioning are conducted with
patients with osteoporosis. Two large randomized placebo-controlled studies of
postmenopausal women reported no significant detrimental effects of raloxifene on

56,57

cognitive performance. Moreover, raloxifene in a dose 120 mg/day (but not 60

mg/day) resulted in a reduced risk of cognitive impairment.58

From the studies described above, one might conclude that the effects of tamoxifen and
raloxifene are opposite: detrimental effects of tamoxifen, but probable beneficial effects
of raloxifene on cognitive functioning. However, a recent large prospective study among
healthy postmenopausal women at increased risk for breast cancer, in which participants
were randomly allocated to tamoxifen or raloxifene, showed no differences in cognitive

. . . . 59
functioning between tamoxifen and raloxifene users.

Aromatase inhibitors

Data on the effect of Als on cognitive function are limited. Als such as anastrozole,
letrozole and exemestane almost completely inhibit the action of the enzyme aromatase,
which is required for the peripheral conversion of testosterone and androstenedione to
estrogen (the final step in the estrogen biosynthesis pathway).60 Consequently, aromatase
inhibitors lower the level of circulating estrogen by almost 100%.”* To date, the only Al
which effects on cognitive functioning have been investigated is anastrozole. Besides the
three studies mentioned above that suggested more serious cognitive impairment in
anastrozole users compared to tamoxifen users, one prospective study was conducted in
anastrozole users.®” In this study, in which women at increased risk for breast cancer were
randomized between anastrozole treatment and placebo, little or no cognitive impairment
was found in anastrozole users after six months and two years. For the Als letrozole and

exemestane, no cognitive data are available yet.
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The influence of endocrine treatment on cognitive functioning: a review

Problems regarding the interpretation of the findings of previous research

Different classes of endocrine treatment and different agents in each class

The main classes of endocrine treatment for postmenopausal breast cancer patients are
SERMs and Als. Given their different mechanisms of action, differences in the effects on
cognitive functioning might be possible. SERMs may differ in their profile of estrogenic and
anti-estrogenic properties, and consequently, in their effects on cognitive functioning. The
current Als differ with regard to androgenic properties: exemestane and its metabolites
have weak androgenic properties whereas anastrozole and letrozole lack these
properties.63 As it is known that androgens might provide benefits on performance in
several cognitive domains®, differences in cognitive effects between the three Als might

be possible.

Role of age

Studies on the effects of estrogens on cognitive functioning suggest that age might play an
important role with respect to the effects of estrogen on cognition. The ‘critical-period-
hypothesis’, holds that estrogen protects against cognitive decline when applied close in
time to menopause, whereas estrogen administration decades afterwards is not beneficial
or might even harm.” With respect to the effects of endocrine treatment for breast
cancer on cognitive functioning, there also might be different effects between patients
who are close to the menopausal transition, and those whose menopausal transition took

place many years ago. Until now, no study took the role of age into account.

Cross-sectional versus prospective studies
A considerable proportion of the studies had a cross-sectional design with one

46,47,51-53 . L
When a cross-sectional design is used,

measurement during endocrine treatment.
it is not possible to take into account potential cognitive differences between study groups
that are already present before the start of endocrine treatment. Furthermore, the results
of cross-sectional studies do not reflect cognitive changes over time associated with a
particular treatment. However, prospective studies contend with other methodological
problems. For example, neuropsychological test scores tend to improve with repeated
testing despite the absence of underlying change in cognitive functioning. The optimal

way to analyze prospective neuropsychological data has yet to be determined.
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Participants: breast cancer patients versus healthy women at high risk for breast cancer

The participants of the reviewed studies were not in all cases breast cancer patients
because the endocrine agents are not only used for the treatment of breast cancer, but
also for breast cancer prevention, and in the case of raloxifene, for prevention and
treatment of osteoporosis. It is possible that the effects of these agents on cognitive
functioning are to some extent dependent on properties of the patient group. For
example, breast cancer patients differ from healthy women with a high risk for breast
cancer with regard to the diagnosis of cancer and previous treatments; and patients with
osteoporosis might differ from breast cancer patients in their hormonal history, as
osteoporosis is associated with lower levels of estrogens whereas breast cancer is

associated with higher levels of estrogen.

Selection of neuropsychological tests and cognitive domains
In the studies conducted until now, a large diversity of neuropsychological tests is used.

52-54,62 . . .
while others used extensive batteries of

Some studies applied very limited testing
tests covering multiple cognitive domains.” There is some evidence that the influence of
estrogen on cognitive functioning is restricted to several specific cognitive domains, such
as verbal memory, information processing speed and aspects of executive

. . 57,59,62
functioning.

An appropriate selection of test should include tests covering these
domains. However, there is no consensus about the cognitive domains that are exclusively
vulnerable to the effects of estrogen or endocrine treatment for breast cancer, indicating

that batteries of tests should cover a wide range of cognitive domains.

Selection of control groups

The studies described in this review differ substantially with respect to the included
control group. In some studies, a randomized design in which a control group using
placebo was used.®® This is probably the optimal control group, but placebo-controlled
designs are often not feasible when known effective therapy is available for the condition

. . 4 46,47,51,52,54
being studied.

Other studies used healthy controls or a group of breast cancer
patients who were not scheduled to receive the treatment under study.67 These control
groups may be systematically different with respect to important sociodemographic and
medical variables, which could influence cognitive outcomes. It is important to take into

account these differences or control for them statistically.
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Assessment of self-reported cognitive functioning and associations with cognitive test
performance

One of the ways to get more insight in the clinical relevance of cognitive impairment
found with cognitive tests is to ask patients to judge their cognitive functioning, for
example by asking questions about cognitive complaints, experienced cognitive decline or
by using a checklist with common failures of memory and concentration. However, a
remarkable observation in neuropsychological research is that associations between self-
16,5262 Although in

the literature many potential explanations for the absence of clear associations are

reported cognitive functioning and cognitive test performance are weak.

postulated, more insight in the nature and predictors of self-reported cognitive complaints
is needed. In only three studies, a measure for self-reported cognitive functioning was
used.®® However, no associations between those self-report measures and cognitive test

performance were investigated in these studies.

Summary and conclusions

A considerable proportion of breast cancer patients are eligible for some kind of
endocrine therapy. Although the nature of the possible effects of estrogens on cognitive
functioning is becoming clearer, the potential cognitive effects of endocrine therapies for
breast cancer have only been evaluated to a limited extent. Studies evaluating tamoxifen
suggest that it has detrimental effects on cognitive functioning, while such effects are not
found in studies evaluating raloxifene. Studies on anastrozole report more conflicting

results with regard to its effect on cognition.

Many studies in the field of the impact of endocrine therapies on cognitive functioning are
hampered by methodological shortcomings, such as large differences in selected cognitive
measures between the studies, lack of data on anxiety/depression and fatigue to study
their moderating effects in the relationships between endocrine therapy and cognitive

functioning and absence of a baseline measurement.

In addition, most studies did not include self-report measures with regard to cognitive
functioning. As a consequence, the question remains as to what extent the
neuropsychological test scores actually reflect cognitive problems in daily life that patients

have to deal with.
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The role of endocrine therapy in breast cancer treatment is increasing, and the medical
grounds for prescribing are expanding. As a consequence, increasing numbers of, often
elderly, patients use endocrine therapy. Endocrine therapy often is used for several years
and different agents can be used in succession. Because intact cognitive functioning is
important for independent living and activities in daily life, it is important that the effects
on cognition of the various endocrine agents and treatment regimens are included in long-
term safety and quality of life studies. Large-scale longitudinal studies that use
appropriate controls and that include measures of symptoms of depression, anxiety,
psychosocial distress and fatigue are needed. Such studies should, among others, include
verbal memory tasks, because this cognitive domain is probably most vulnerable to
estrogenic effects. Furthermore, research that addresses mechanisms that might explain
the results from neuropsychological studies is needed. Finally, an important issue that
needs attention is the experience of the patients that use the various endocrine agents.
After all, little is known about their cognitive complaints during therapy and the
association with test scores and psychosocial features. Information from these studies can
be used to make patients and clinicians aware of any cognitive side effects that have to be

balanced against benefits of the endocrine treatments.

This thesis

This thesis describes a prospective study on the potential effects of two types of endocrine
treatment (the SERM tamoxifen and the Al exemestane) on cognitive functioning in
postmenopausal breast cancer patients. The patients were participants of the Tamoxifen
Exemestane Adjuvant Multinational (TEAM) trial, an international, open label, randomized
study comparing the efficacy and safety of 5 years of adjuvant exemestane (25 mg/day)

with 2,5-3 years of tamoxifen (20 mg/day) followed by 2-2,5 years of exemestane.

The inclusion of a baseline measurement before the start of treatment enabled us to
adjust for potential pre-treatment cognitive differences between study groups. In order to
take into account practice effects, we added a healthy control group. We used a large,
comprehensive battery of neuropsychological tests, as well as several measures for self-
reported cognitive functioning, anxiety/depression, fatigue, and menopausal symptoms.
The prospective nature of the study provided the opportunity to look in detail into
cognitive functioning of breast cancer patients before the start of endocrine treatment.

Methodological aspects were addressed, as well as a detailed evaluation of predictors for
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cognitive functioning in breast cancer patients after surgery, but before the start of
endocrine treatment. Because the TEAM trial also included breast cancer patients who
received chemotherapy before the start of endocrine therapy, we had the opportunity to
evaluate cognitive functioning in breast cancer patients who were exposed to both
chemotherapy and endocrine treatment in an additional, cross-sectional study. Finally,
associations between cognitive test performance, self-reported cognitive functioning,

anxiety/depression, fatigue and menopausal symptoms were evaluated.
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