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Abstract

The aim of this review was to evaluate the effect of treatment and illness-related factors on neuropsychological functioning in
women treated for breast cancer. Eight studies were identified examining neuropsychological test performance following systemic
treatment. Six of the eight studies suggest that neuropsychological functioning may be impaired following treatment. However,

there are a number of important methodological issues which limit interpretation of these results. Therefore, it is unclear whether
neuropsychological outcome differs according to a range of treatment, biomedical and psychological factors. Larger samples with
longitudinal follow-up are required in order to examine the treatment-related factors that best predict cognitive deficits.

# 2003 Elsevier Ltd. All rights reserved.
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1. Introduction

Although the ultimate goal of cancer treatment is
improved survival, increasing emphasis is placed on
reducing morbidity associated with treatments and
improving quality of life. The physical side-effects of
chemotherapy such as myelosuppression, hair loss,
nausea, fatigue, mucositis, diarrhoea, weight gain and
constipation are well known [1]. Less clear is the effect
that cancer treatment may have on cognitive function-
ing. Cognition is an aspect of quality of life that has
rarely been explored systematically in adult patients
with cancer, particularly when treatment does not appear
to directly involve the central nervous system [2–4].
Assessment of cognitive functioning in breast cancer

patients is important for a number of reasons. The
number of anecdotal reports concerning changes in
cognition following adjuvant treatment necessitates fur-
ther investigation. Accurate information about side-
effects must be disclosed to patients in order to enable
informed treatment decisions to be made [5]. Informa-
tion concerning late effects of treatment will enable
health care professionals to help prepare patients to
expect and cope with any changes in cognition that may
occur [6]. Further research in this area will also lead to
an understanding of whether all women undergoing
adjuvant treatment are at risk, or what the risk factors
for subsequent cognitive impairment might be. In addi-
tion, an integrated account of the neural, psychophy-
siological and cognitive changes that might result from
treatment will enable an understanding of the aetiology
and mechanisms underlying cognitive deficits.
Systemic treatment for breast cancer involves chemo-

therapy or hormone therapy, either alone or in combi-
nation. Breast cancer cells that are endocrine-dependent
need oestrogen in order to proliferate. Treatment with
Selective Oestrogen Receptor Modulators (SERMs),
such as tamoxifen, have been shown to improve survival
for these patients [7]. At present, tamoxifen is the ‘gold
standard’ in adjuvant hormonal therapy [7]; however, it
is associated with a number of side-effects, including an
increased risk of endometrial cancer and thromboem-
bolic disorders. Tamoxifen is generally administered to
women for 5 years (20 mg daily). In contrast, chemo-
therapy is administered over a much shorter duration,
typically 3–6 months.
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This review examines the evidence for deficits in neu-
ropsychological functioning following systemic treat-
ment for breast cancer. Potential explanations for
observed deficits will also be discussed. A total of eight
studies were identified, which examined neuropsycholo-
gical functioning following systemic treatment for
breast cancer (see Table 1). Of these, five focused on
women who had received adjuvant chemotherapy [8–
12]. One [13] was a follow-up study of cohorts of women
previously assessed [9,10], and the remaining two studies
[14,15] examined tamoxifen-treated populations. Table 2
presents an overview of the range of cognitive functions
assessed in these studies.
2. Incidence of cognitive deficits

The proportion of women shown to exhibit a cogni-
tive deficit varies across studies, and is a function of the
instruments used to measure cognitive status, and the
cut-off point used to define impairment. Wieneke and
Dienst [8] reported that 75% of women in their sample
scored greater than 2 standard deviations below the norm
on at least one of the neuropsychological tests they
administered. However, clinical samples often vary sys-
tematically from ‘healthy’ controls, which may lead to
an overestimation of the differences [5]. Four studies have
demonstrated that approximately one-third of women
have mild to moderate cognitive impairment [9–12]. For
example, Schagen and colleagues [10] found impairment
in cognitive function in 28% of women treated with
chemotherapy compared with 12% of women in the
control group. Similarly, Ahles and colleagues [12] repor-
ted that 39% of women who had received adjuvant
chemotherapy 5 years previously had cognitive impair-
ments compared with 14% of women who had received
local therapy, some of whom had also taken tamoxifen.
3. Profile of neuropsychological deficits

Five studies found impairment on overall neu-
ropsychological function as reported in an ‘overall’
score [8–12]. Insufficient statistical power due to small
sample sizes has meant that an examination of perfor-
mance across individual sub-tests is limited. However,
where performance on cognitive sub-tests has been
explored deficits have been observed in verbal and
visual memory, attention and motor speed.
Wieneke and Dienst [8] identified deficits in non-ver-

bal long-term memory, but not in verbal long-term
memory. van Dam and colleagues [9] found women
treated with high-dose myeloablative chemotherapy and
autologous bone marrow or peripheral blood stem cell
rescue had lower scores than controls on seven of the 19
tests they administered. However, when correcting for
multiple comparisons, none of these differences
remained significant and the relevance of this study is
compromised by a lack of evidence for the efficacy of
high-dose chemotherapy in randomised controlled trials
to date [16]. In a subsequent study, Schagen and collea-
gues [10] adopted the same test battery with the addition
of a visual reproduction sub-test (immediate and
delayed recall). The pattern of results was similar to that
obtained previously [9]. Performance on 12 of the 21
sub-tests was significantly poorer for the standard
chemotherapy group when compared with the control
group (P <0.05). Deficits were observed for a range of
cognitive skills, including, attention, mental flexibility,
reaction time, visuo-spatial memory, motor function
and verbal function [10].
Brezden and colleagues [11] carried out an exploratory

analysis of six cognitive domains (memory; language;
visual-motor; spatial; attention and concentration; and
self-regulation and planning) measured by the High
Sensitivity Cognitive Screen. The memory and language
domain revealed impairment for women who were on-
treatment compared with healthy controls. Language
and visual motor skills were impaired for women who
were off-treatment compared with healthy controls. No
correction was made for confounding factors (e.g. age,
and education) or multiple comparisons [11]. Ahles and
colleagues [12] found that patients who had completed
adjuvant chemotherapy treatment scored lower than
those who had received local treatment in the domains
of verbal memory and psychomotor functioning.
Interpretation of the pattern of deficits observed

needs to be made with caution. A greater deficit for one
or more particular sub-tests could mean either that the
neural systems which underly the domains tested are
more susceptible to chemotherapy-related disruption, or
that findings may be an artefact of the assessments used.
Such that certain sub-tests may be more reliable and/or
more sensitive to the detection of cognitive deficits in
this population.
Adjustment for confounding factors (e.g. age, educa-

tion, socio-economic status, menopausal status, pre-
morbid intelligence quotient (IQ)) is essential. The
estimation of premorbid IQ has only been used in a few
studies [8–10]. The lack of adequate controls and/or
comparison groups presents a further challenge. The use
of a disease-specific comparison group goes some way
to act as a control for the impact of the diagnosis of
cancer. However, the lack of pretreatment assessment of
cognitive functioning does limit interpretation of post-
treatment cognitive performance.
4. Adjuvant chemotherapy and cognitive function

In order to examine the cognitive effects of
chemotherapy, attention should be directed to the
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Table 1

Summary of studies examining neuropsychological functioning following adjuvant treatment for breast cancer
Study [Ref.]
 Participants
 Chemotherapy/

time since treatment
Tamoxifen

use
Results
Wieneke and

Dienst [8]
28 Stage I and II breast cancer patients

(mean age 42 years; S.D. 6.7)
CMF (n=17)

CMF+CAF (n=7)
11 current

17 never
� Comparisons made

with test norms.
CAF (n=4)
 � Demographic variables were

not related to overall cognition.
Duration of therapy: 3–18

months (time since therapy:

from 0.5 to 12 months)
� Cognitive impairment was

related to duration of

chemotherapy.
van Dam and

colleagues [9]
34 High-risk breast cancer patients

(stage II or III)

(mean age: 45.5 years; S.D.: 6.2).
CTC (time since therapy:

mean: 1.6 years; S.D.: 0.8)
29 current

5 past
� Each volunteer was scored

as impaired if 3 or more test

scores were 2 or more standard

deviations below the mean.
36 High-risk breast

cancer patients

(stage II or III)

(mean age: 48.1

years; S.D.: 6.8)
FEC (time since therapy:

mean: 1.9 years; S.D.: 1.1)
28 current

8 past
� Impaired performance

reported for 32% of women

treated with high-dose

chemotherapy,

compared with 17% with standard

dose, and 9% of the control

group (P=0.043).
34 breast cancer (control) patients

(stage I)

(mean age: 46.1 years; S.D.: 5.2)
No chemotherapy

(time since local

therapy: mean: 2.4 years;

S.D.: 1.0)
34 never
Schagen and

colleagues [10]
39 Breast cancer patients

(mean age 47.1 years; S.D.: 6.5).
CMF (6 courses) (time since

therapy: mean 1.9; S.D.: 1.0)
18 current

2 past
� Calculated an overall

impairment

score (see above).
19 never
 � Hormonal treatment

had no influence on patients

self-reports of symptoms or

cognitive function.
34 controls consisting of age-matched

axillary lymph node negative

breast cancer patients

(mean age: 46.1 years; S.D.: 5.2)
No chemotherapy (time since

local therapy: mean

2.4; S.D.: 1.0)
34 never
Schagen and

colleagues [13]
23 High-risk breast cancer patients

(stage II or III).

(mean age: 50.4 years, S.D.: 6.3)
FEC (time since therapy:

mean: 3.4 years; S.D.: 1.2)
4 current

19 past
� Follow-up study of

cohorts previously

assessed [8,9]
� No significant differences in

cognitive performance between

the four groups.
22 High-risk breast cancer patients

(stage II or III)

(mean age: 47.0 years; S.D.: 4.8)
CTC (time since therapy:

mean: 3.3 years; S.D.: 1.1)
7 current

15 past
� CTC: fewer women classified

as impaired at T2 (n=3)

versus T1 (n=5)
� FEC: appeared to be stable

over time. (T1: n=3; T2=2)
31 Breast cancer patients

(mean age 50.3 years; S.D.: 4.5).
CMF (6 courses) (time since

therapy: mean 3.7 years;

S.D.: 1.1)
11 current

9 past
� CMF: fewer women classified

as impaired at T2 (n=4)

versus T1 (n=8).
11 never
 � Control: more women classified

as impaired on T2 (n=3)

versus T1 (n=1).
27 stage I breast cancer patients

(mean age 48.8 years; S.D.: 5.0)
N/A (time since local therapy.

mean: 4.6 years; S.D.: 1.1)
27 never
(continued on next page)
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Table 1 (continued)
Study [Ref.]
 Participants
 Chemotherapy/

time since treatment
Tamoxifen

use
Results
Brezden and

colleagues [11]
31 breast cancer patients (stage I or II)

(median age: 49 years; range: 34–70).
CMF (n=12); CEF (n=19)

(on-treatment)
31 never
 � HSCS scores were poorer in

patients receiving chemotherapy

compared with controls.
� Included the covariates: age,

education, menopausal status.
40 Breast cancer patients (stage I or II)

(median age: 46 years; range: 26–61).
CMF (n=21); CEF (n=17)

(completed treatment median

of 2 years previously).
16 current

2 past

22 never
� No trends to suggest differences

between more aggressive

chemotherapy with CEF and

those receiving CMF.
36 Healthy controls

(Median age: 41.5 years ; Range: 24–61).
N/A
 36 never
Ahles and

colleagues [12]
35 breast cancer patients

(mean age: 59.1 years; S.D.: 10.7).
CMF (n=14)

CAF (n=14)

Other (n=5) (time since
13 at

some time

22 never
� Calculated Neuropsychological

Performance Index: (lower quartile

versus upper three quartiles).
therapy: mean: 9.4, S.D.: 4.5)
 � When compared with treatment

with local therapy, those treated

with adjuvant chemotherapy

scored significantly lower on the

verbal memory, and psychomotor

components.
36 Lymphoma patients

(mean age: 55.9 years; S.D.: 12.1)
CAVP (n=10)

MVPrP (n=8)
N/A
Other (n=18)

(time since therapy:

9.5; S.D.: 4.8)
35 breast cancer patients treated

with local therapy only

(mean age: 60.6 years; S.D.: 10.5)
N/A (time since therapy:

9.9; S.D.: 5.8).
5 at

some time

30 never
22 lymphoma patients treated with

local therapy only.

(Mean age: 48.7 years; S.D.: 11.7).
N/A (time since local

therapy: 14.4; S.D.: 6.3)
N/A
Paganini-Hill

and

Clark [14]
1163 women treated for

primary breast cancer.

(age range: 57–75 years)
Approximately 20%

of patients
453 never

231<4 years

333 > 4 years

146 unknown

duration
� No differences between those who

had not taken tamoxifen and those

who had used tamoxifen for the

standard 5 years on the cognitive

assessments.
428 past

241 current

4 not reported
� Assessments sent by post, therefore,

question the validity of this approach.
Ernst and

colleagues [15]
16 Women diagnosed with localised

breast cancer and given local

treatment
N/A
 All for at least 2

years (mean 4.4;

S.D. 1.7 years).
� Measured myo-inositol (MI) levels.

� Women in tamoxifen and HRT

group had lower levels of MI than

controls.
27 women who were on HRT

(no history of breast cancer); received

HRT for at least 2 years

(mean 20.8; S.D. 10.5 years)
N/A
 N/A
33 control women with no history of

breast cancer or HRT use
N/A
C, cyclophosphamide; M, methotrexate; F, fluorouracil; E, epirubicin; A, doxorubicin (Adriamycin); V, vincristine; P, prednisone; Pr, procarbazine; S.D.,

standard deviation; N/A, not applicable; HRT, hormone replacement therapy; CTC, cyclophosphamide, thiotepa and carboplatin; T, time; HSCS, High

sensitivity cognitive screen.
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Table 2

List of sub-tests used to assess neuropsychological functioning in breast cancer patients
Function measured
 Sub-test administered
 Study
Verbal skills
 Word Fluency sub-test (Dutch Aphasia Society Test)
 van Dam and colleagues [9]
Schagen and colleagues [10]
Schagen and colleagues [13]
Narrative writing to describe a pictured scene
 Paganini-Hill & Clark [14]
Vocabulary (WAIS-II)
 Ahles and colleagues [12]
Reading (WRAT-3)
 Ahles and colleagues [12]
Boston Naming Test
 Ahles and colleagues [12]
Controlled Oral Word Association
 Ahles and colleagues [12]
Abstract concepts
 Categories: short booklet
 Wieneke & Dienst [8]
Memory skills
 Digit span (WAIS-R)
 Wieneke & Dienst [8]
van Dam and colleagues [9]
Schagen and colleagues [10]
Schagen and colleagues [13]
California Verbal Learning Test
 Wieneke & Dienst [8]
Short delay; Long delay
 Ahles and colleagues [12]
Rey Auditory Verbal Learning Test
 van Dam and colleagues [9]
Schagen and colleagues [10]
Schagen and colleagues [13]
Visuo-spatial memory
 Rey Osterrieth Complex Figure Test: Direct copy; Recall
 Wieneke & Dienst [8]
van Dam and colleagues [9]
Schagen and colleagues [10]
Schagen and colleagues [13]
Visual Reproduction Sub-test:
 Schagen and colleagues [10]
Copy and Recall (Wechsler Memory Scale)
 Ahles and colleagues [12]
Visuo-spatial construction
 Clock Drawing
 Paganini-Hill & Clark [14]
Box Drawing: Copy task
 Paganini-Hill & Clark [14]
Block Design (WAIS-R)
 Wieneke & Dienst [8]
Ahles and colleagues [12]
Attention
 Digit symbol (WAIS-R)
 Wieneke & Dienst [8]
van Dam and colleagues [9]
Schagen and colleagues [10]
Schagen and colleagues [13]
Ahles and colleagues [12]
Ernst and colleagues [15]
Fepsy Visual Searching Test
 van Dam and colleagues [9]
Schagen and colleagues [10]
Schagen and colleagues [13]
D2 Test
 van Dam and colleagues [9]
Schagen and colleagues [10]
Schagen and colleagues [13]
Vigilience and Distractability
 Ahles and colleagues [12]
(Continuous Performance Test)
Vigilence and Distractability reaction time scores
 Ahles and colleagues [12]
(Continuous Performance Test)
Mental flexibility
 Stroop Test
 van Dam and colleagues [9]
Schagen and colleagues [10]
Schagen and colleagues [13]
Paced Auditory Serial Addition Test
 Wieneke & Dienst [8]
Trail making A and B
 Wieneke & Dienst [8]
van Dam and colleagues [9]
Schagen and colleagues [10]
Schagen and colleagues [13]
Ahles and colleagues [12]
Trail Making A
 Ernst and colleagues [15]
(continued on next page)
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chemotherapeutic agents used, their doses, duration and
intensity of treatment, and potential drug interactions.
The main adjuvant chemotherapeutic combinations
used in the treatment of breast cancer are CMF (cyclo-
phosphamide, methotrexate and 5-fluorouracil) or regi-
mens based on an anthracyclines, such as doxorubicin
or epirubicin [17].
Cognitive impairment in women treated with adjuvant

chemotherapy has been reported when compared with
women treated with local therapy [9,10,12], and when
performance is compared with test norms [8]. Patients
who were undergoing adjuvant chemotherapy at the time
of assessment have been found to show cognitive impair-
ment when compared with healthy controls [11].
Only one study has compared different doses of

chemotherapy as part of a randomised controlled trial
[9]. Patients treated with myeloablative high-dose
chemotherapy (FEC: 5-fluorouracil 500 mg/m2 intrave-
nously (i.v.), epirubicin 90 mg/m2 i.v. and cyclophos-
phamide 500 mg/m2 i.v. for four cycles with a fifth cycle
of CTC: cyclophosphamide 6 g/m2 i.v., thiotepa 480
mg/m2 i.v., and carboplatin 1.6 g/m2 i.v.) were found to
show deficits in cognitive function compared with
patients treated with FEC for four cycles [9]. However,
high-dose chemotherapy with autologous haematopoie-
tic progenitor support is inevitably associated with sig-
nificant morbidity, and it is unclear whether the physical
and emotional effects of this procedure may have con-
tributed to changes in cognition.
Ahles and colleagues [12] report a significant, but low,

correlation between the number of treatment cycles and
mean neuropsychological domain scores, suggesting
that more cycles of chemotherapy were associated with
a lower neuropsychological performance.
The timing of cognitive assessments may also be cru-
cial, since deficits may manifest themselves during spe-
cific treatment phases or may only emerge with time. At
present, research suggests that cognitive deficits are
associated with cancer chemotherapy regimens during
treatment [11], approximately 1–2 years following
treatment [8–10], and 5 years following treatment [12].
Schagen and colleagues [13] re-administered a neu-
ropsychological battery 2 years following the initial
neuropsychological assessments [9,10]. The results
showed no statistically reliable differences between the
treatment groups and control group at Time 2. There
were some fluctuations in the number of women classi-
fied as cognitively impaired at Time 2 when compared
with Time 1 (see Table 1), however, the interpretation
was limited due to the small sample, and loss to follow-
up.
It is not known if chemotherapy-associated neuro-

toxicity is caused by the combination of chemotherapy
drugs or by one drug in particular. Increased risk of
cognitive impairment has been shown for patients who
received conventional CMF chemotherapy (cyclopho-
sphamide 100 mg/m2 orally on days 1–14, methotrexate
40 mg/m2 i.v. on days 1 and 8, and 5-fluorouracil 600
mg/m2 i.v. on days 1 and 8) when compared with con-
trols [10] and test norms [8]. No increased risk was
found for standard dose FEC (fluorouracil at 500 mg/
m2 i.v., epirubicin at 90–120 mg/m2 i.v., and cyclopho-
sphamide at 500 mg/m2 i.v.; cycles repeated every 21
days) when compared with controls [9]. Brezden and
colleagues [11] found no difference between patients
who had undergone CMF or CEF chemotherapy.
However, the small number of volunteers within each
treatment group precludes any reliable conclusions
Table 2 (continued)
Function measured
 Sub-test administered
 Study
Perceptuo-motor
 Fepsy Visual Reaction Task
 van Dam and colleagues [9]
Schagen and colleagues [10]
Schagen and colleagues [13]
Fepsy Finger Tapping Task
 van Dam and colleagues [9]
Schagen and colleagues [10]
Schagen and colleagues [13]
Finger Tapping;
 Ahles and colleagues [12]
Thumb Finger Sequencing
Grooved Peg Board:
 Wieneke & Dienst [8]
Dominant; non-dominant
Fepsy Binary Choice Test
 van Dam and colleagues [9]
Schagen and colleagues [13]
General
 High Sensitivity Cognitive Screen
 Brezden and colleagues [11]
Mini-Mental State Examination
 Ernst and colleagues [15]
Premorbid IQ
 Dutch Adult Reading Test
 van Dam and colleagues [9]
Schagen and colleagues [10]
National Adult Reading Test
 Wieneke & Dienst [8]
R. Morse et al. / European Journal of Cancer 39 (2003) 2288–2297 2293



concerning likely agents associated with an increased
risk of cognitive deficits. An intact blood–brain barrier
is assumed to limit entry of chemotherapeutic agents to
the brain; however, higher doses are associated with
penetration of chemotherapeutic agents across the
blood–brain barrier, leading to neurotoxicity [5]. Ahles
and colleagues [12] report that cognitive deficits may
also be caused by a physiological reaction (e.g. immu-
nological response), whichmay be more closely associated
with certain side-effects profiles. However, this has yet
to be explored.
Adjuvant chemotherapy is also known to affect ovarian

function leading to temporary or permanent amenor-
rhoea in premenopausal women. For these women, the
drop in oestrogen occurs more rapidly than in natural
menopause [18]. Oestrogen receptors are located
throughout the brain, especially in regions that are
involved in learning and memory, such as the hippo-
campus and amygdala [19]. Oestrogen deficiency has
been related to memory loss and poorer cognitive func-
tion in postmenopausal women [20]. However, findings
are equivocal and not all studies have found beneficial
effects of oestrogen on cognition [21]. The relationship
between oestrogen levels following adjuvant treatment
and cognitive function has not been explored.
5. Adjuvant hormonal therapy and cognitive function

Approximately 45% of patients taking tamoxifen
experience hot flashes [22]. Hot flashes may be related to
an antagonistic effect on the hypothalamic–pituitary
axis [23]. This has led to the suggestion that tamoxifen
may act as an oestrogen-antagonist in the brain.
Experimental animal studies [24] have shown that tamox-
ifen led to impaired memory consolidation and retrieval
processes in mice. Tamoxifen impacts upon a number of
pharmacological activities which may be directly or
indirectly related to cognitive function [24]. However,
the mechanism by which tamoxifen may impair learning
and memory has not been clearly evaluated.
A small proportion of the studies identified included a

sub-sample of patients who had been prescribed
tamoxifen in addition to undergoing adjuvant chemo-
therapy. Schagen and colleagues [10] found no detect-
able differences between patients treated with both
chemotherapy and tamoxifen (n=20) and those treated
by chemotherapy alone (n=19). Ahles and colleagues
[12] identified 18 women who had taken tamoxifen at
some time, 13 of whom had also undergone chemo-
therapy. Comparisons of tamoxifen users (n=18) and
non-users (n=52) revealed no significant differences on
any of the neuropsychological domain scores. However,
the number of patients who had taken tamoxifen in both
of these studies was small, so the results may lack the
statistical power to detect subtle differences in cognition.
Two studies [14,15] have set out to explicitly assess
cognitive function in breast cancer patients treated with
tamoxifen. Paganini and Clark [14] examined perfor-
mance on three cognitive tests (clock drawing, copying a
box drawing, and narrative writing to describe a pic-
tured scene) in a sample of patients who had taken
tamoxifen for a period of 5 years. Performance was not
significantly different to that of ‘never users’. However,
current users had a significantly lower mean complexity
score on the narrative writing task when compared with
‘never users’. More women who had used tamoxifen for
the standard term (5 years) reported seeing their physi-
cian for memory problems than ‘never-users’ (3.8%
versus 1.5%, P=0.04).
A study examining the effects of tamoxifen on brain

chemistry suggests that tamoxifen may offer some
degree of neuroprotection [15]. The prediction was that
an oestrogen-antagonistic effect of tamoxifen might be
associated with elevated myo-inositol (MI) levels. Pro-
ton magnetic resonance spectroscopy (MRS) was
employed to measure brain metabolite concentrations in
the frontal white matter, basal ganglia and hippo-
campus of women aged 65 years and over (mean age
70.4 years). In this cross-sectional study, 16 women had
taken tamoxifen following localised breast cancer which
was not treated with chemotherapy, and 27 women with
no history of breast cancer had received HRT. The
control group consisted of 33 healthy women who had
not received any hormone treatment. Women treated
with tamoxifen and HRT had lower levels of myo-
inositol in the brain than untreated women. Perfor-
mance on a modified version of the Mini-Mental
State Examination and two cognitive tests that are
sensitive to psychomotor speed did not differ across
the three groups. It was concluded that tamoxifen
has a similar effect to oestrogen. However, findings
may not be generalisable to younger age groups. This
is the first published study to look at chemical
markers and results should be interpreted with caution
due to the small number of patients who were on
tamoxifen [25]. In addition, it is important to eliminate
alternative explanations for the lower MI levels. For
example, older women who develop breast cancer may
have higher circulating levels of oestrogen following the
menopause than healthy women who do not have breast
cancer [25].
Recently, research has examined the impact of Ralox-

ifene, a SERM, on cognitive function in postmenopausal
women. Yaffe and colleagues [26] found no significant
differences in overall cognitive scores in postmenopausal
women with osteoarthritis randomly assigned to treat-
ment with raloxifene (60 mg or 120 mg orally per day) or
placebo for 3 years (N=7478). However, there was a
trend towards less decline in the combined raloxifene
group on two tests of verbal memory. Bernstein and
colleagues [27] report similar findings from a randomised
2294 R. Morse et al. / European Journal of Cancer 39 (2003) 2288–2297



double-blind placebo-controlled study examining the
short-term effects of raloxifene (60 mg/day), tamoxifen
(20 mg/day), and conjugated equine oestrogen (0.625
mg/day) on cognitive function in 103 healthy post-
menopausal women. There were no significant differ-
ences between treatment groups over time on cognitive
measures. However, there was a trend towards a slightly
enhanced performance for the raloxifene group on the
word recall test.
An understanding of cognitive function in women

treated with tamoxifen is important, particularly with
the emergence of aromatase inhibitors, such as anastro-
zole (‘Arimidex’), which substantially reduces oestrogen
concentrations in postmenopausal women. A large ran-
domised efficacy study of anastrozole as an adjuvant
treatment suggests a disease-free survival advantage
compared with tamoxifen [28], but before these results
can be applied to clinical practice, the effect of chronic
oestrogen deprivation on cognition needs to be
explored. Shilling and colleagues [29] assessed cognitive
function in 103 women participating in the ATAC trial
(a double-blind comparison of tamoxifen and anastro-
zole alone and in combination for early breast cancer)
and 85 non-cancer controls. There was no difference
between the patient and control groups on measures of
working memory, attention and visual memory. How-
ever, performance in the patient group on measures of
verbal memory were significantly poorer (P=0.035)
than the performance by the control population.
6. Objective measures versus subjective perceptions of

cognitive function

Four studies used subjective measures of cognitive
function to supplement measures of neuropsychological
performance. van Dam and colleagues [9] used the
Cognitive Problems in Daily Life Checklist; a semi-
structured interview designed to tap into problems with
memory, attention, thinking, and language that occur in
daily life. The results showed that patients who had
received high-dose and standard-dose chemotherapy
reported more problems than the no chemotherapy
control group, in the domains of memory, attention,
and thinking. However, there was no relationship
between self-reported cognitive problems and neu-
ropsychological tests [9]. In a subsequent study using
the same measure, Schagen and colleagues [10] found a
greater prevalence of self-reported cognitive problems in
the domains of concentration and memory. However,
there were no significant differences between the groups
on self-reported problems of thinking or language. Once
again, there was no relationship between cognitive test
scores and self-reports of cognitive problems [10]. In a
follow-up study, Schagen and colleagues [13] also found
that the correlation between objective test results and
subjective measures was low. Ahles and colleagues [12]
used the Squire Memory Self-Rating Scale, an 18-item
measure which assesses perceived changes in a range of
memory functions. It is composed of three factors:
learning of new information; working memory; and
retrieval of information from long-term memory. The
only factor that differentiated the treatment groups was
working memory, which was rated as poorer in a group
which had received adjuvant chemotherapy compared
with a local therapy group. Correlations between the
Squire subscales and the neuropsychological test scores
were not significant [12].
There are a number of reasons for the finding that

patients may complain of memory deficits despite
achieving scores within the normal range on tests of
memory functioning. First, subjective measures and
neuropsychological test batteries may not be measuring
the same construct. Most clinical memory tests are
extensions of laboratory tests, therefore, they do not
necessarily map directly onto memory problems
encountered by patients in their everyday lives. As a
result, they may be poor predictors of such problems
[30]. Secondly, cognitive impairment is most prominent
in conditions like dementia, learning disability and
acquired brain injuries. A number of the tools that have
been used to assess cognitive functioning in patients
treated for cancer are those which are routinely used
with these groups (e.g. Rey Osterrieth Complex Figure),
and thus may be insufficiently sensitive to detect mild
deficits. Therefore, subtle differences in cognition may
go undetected.
7. The effect of biomedical and psychological factors

on cognitive function

Eighty per cent of breast cancers occur in post-
menopausal women. Cessation of ovarian oestrogen
production with menopause has been associated with
changes in cognitive processes, including memory and
attention [31]. Cognitive performance may be improved
in these groups after Oestrogen Replacement Therapy,
although this issue remains controversial [32]. Women
with oestrogen receptor-positive breast cancer are
advised not to take hormone replacement therapy and
therefore would be unable to benefit from potential
cognitive gains.
The cognitive changes noted by postmenopausal

women may be related not only to the loss of oestrogen,
but to other factors including advancing age. Cognitive
effects of old age vary in frequency, direction and
extent. For example, slowing of information processing
is ubiquitous among people over 60 years, but there is a
fair chance of reaching the age of 90 years with no
memory problems [33]. There is very little data available
on the influence of age on cognitive functioning in
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breast cancer patients following adjuvant treatment.
Schagen and colleagues [13] found that age, IQ and
depression contributed to risk of impairment at Time 2
of their follow-up study in participants who had under-
gone CTC/FEC chemotherapy. For the CMF group,
age was the sole predictor of risk of impairment. How-
ever, in an earlier study, Schagen and colleagues [10]
found that age did not influence the risk of neu-
ropsychological impairment.
The psychological experience of having had breast

cancer may contribute to a decline in cognitive perfor-
mance. It is generally accepted that both depression and
anxiety are more commonly found amongst cancer
patients than in the general population, and that the
prevalence of clinically significant morbidity following
treatment is in the region of 25–35% [34]. For many
breast cancer patients, much of their anxiety is gener-
ated by their perceived risk of recurrence. Patients
selected for adjuvant chemotherapy are generally in the
groups with the highest risk of recurrence and this dif-
ference may account for some of the cognitive deficits
reported in patients receiving chemotherapy. Memory
functions in anxious and depressed people have been
investigated quite extensively. It has been shown that
anxiety produces worry and other intrusive thoughts
that compete for resources in short-term working mem-
ory [35].
Two studies [9,10], which explored the effect of

psychological constructs on cognition, found a
relationship between self-reported cognitive function
and anxiety and depression. Schagen and colleagues
[10] found an association between the self-reported
cognitive problems reported at interview and the scores
on the cognitive and emotional subscales of the Eur-
opean Organisation for Research and Treatment of
Cancer (EORTC) Quality of Life Questionnaire-C30.
The problems reported at the interview and the scores
on the anxiety and depression subscales of the Hopkins
Symptom Checklist were also related. The lack of fur-
ther associations between psychological morbidity and
cognitive deficits may be due to the fact that survivors
experiencing major psychological difficulties were
screened out [11], or chose not to take part.
8. Conclusions

The relationship between adjuvant treatment for
breast cancer and cognitive function is complicated.
There are a number of factors which may influence
cognitive performance, and, as yet, it is difficult to
ascertain which of these factors play a central role. Six
[8–12,14] of the eight studies identified suggest that
adjuvant breast cancer treatment reduces cognitive
function to some extent. However, methodological
weaknesses in the research published thus far have
impeded an understanding of the characteristics of
women who are shown to have cognitive deficits.
The range of approaches used to define and measure

cognitive performance in cancer patients contributes to
the inconsistent findings. With two exceptions [11,15],
studies have involved extensive neuropsychological
testing, often relying heavily on general IQ assessments,
which may not be sensitive to subtle changes. Whilst
this enables a comprehensive assessment of neu-
ropsychological functioning, small sample sizes and the
large number of variables entered into the analysis con-
tribute to the lack of statistical power. Hence, despite
the range of neuropsychological assessment tools used,
there is a lack of specificity, such that no distinct neu-
ropsychological profile for women treated for breast
cancer has been identified. As a result, there is limited
evidence to indicate the most suitable cognitive assess-
ment strategy. In all the studies reviewed, effect sizes
have not been reported, so despite these studies report-
ing statistically significant differences in the cognitive
function of patients treated with chemotherapy when
compared with controls, the effect size may be so small
as to make the difference negligible, in terms of the
likely impact on the daily cognitive functioning of
patients.
It is important to identify the effects of cognitive def-

icits in terms of everyday living. This is especially perti-
nent given the lack of concordance between objective
measures and subjective reports of cognitive function.
There are a number of ways in which cognitive deficits
may impact upon quality of life. A greater under-
standing of the implication of adjuvant treatment on
cognitive function is needed. Such an understanding will
also be important for the development and implemen-
tation of suitable intervention strategies, which also
take into account the social and emotional con-
sequences of cognitive deficits [36].
Research that delineates processes that affect cogni-

tive functioning over time would provide a much stron-
ger basis for inference regarding the influence of
treatment on cognition. In addition, it remains unclear
whether the profile of deficits differs according to a
range of variables, for example, chemotherapy, tamox-
ifen, time since treatment, and socio-demographic fac-
tors. However, there is a clear need for measures that
are sensitive to change in women with mild-to-moderate
cognitive impairment. Both the assessment of pre-
morbid cognitive ability and the impact of conventional
treatment protocols such as CMF or anthracycline-
based chemotherapies is also important. This will
enable a greater understanding of any additional effects
upon cognition of chemotherapy regimens with longer
duration, increased dose intensity or the inclusion of
newer cytotoxics, for example, the taxanes and of the
use of adjuvant aromotase inhibitors in place of
tamoxifen.
2296 R. Morse et al. / European Journal of Cancer 39 (2003) 2288–2297



References

1. Tierney AJ, Taylor J, Closs SJ. Knowledge, expectations and

experiences of patients receiving chemotherapy for breast cancer.

Scandan J Caring Sci 1992, 6, 75–80.

2. Bender CM, Paraska KK, Sereika SM, et al. Cognitive function

and reproductive hormones in adjuvant therapy for breast can-

cer: a critical review. J Pain Symptom Manage 2001, 21, 407–424.

3. Olin JJ. Cognitive function after systemic therapy for breast can-

cer. Oncology 2001, 15, 613–618.

4. Phillips K, Bernhard J. Adjuvant breast cancer treatment and

cognitive function: current knowledge and research directions. J

Natl Cancer Inst 2003, 95, 190–197.

5. Ahles TA, Saykin A. Cognitive effects of standard-dose chemo-

therapy in patients with cancer. Cancer Invest 2001, 19, 812–820.

6. Beisecker A, Cook MR, Ashworth J, et al. Side effects of adju-

vant chemotherapy: perceptions of node-negative breast cancer

patients. Psychooncology 1997, 6, 85–93.

7. Early Breast Cancer Trialists’ Collaborative Group. Tamoxifen

for early breast cancer: an overview of the randomised trials.

Lancet 1998, 351, 1451–1467.

8. Wieneke M, Dienst E. Neuropsychological assessment of cogni-

tive functioning following chemotherapy for breast cancer. Psy-

chooncology 1995, 4, 61–66.

9. Van Dam F, Schagen SB, Muller MJ, et al. Impairment of cog-

nitive function in women receiving adjuvant treatment for high-

risk breast cancer: high-dose versus standard-dose chemotherapy.

J Natl Cancer Inst 1998, 90, 210–218.

10. Schagen SB, van Dam F, Muller MJ, et al. Cognitive deficits after

postoperative adjuvant chemotherapy for breast carcinoma.

Cancer 1999, 85, 640–650.

11. Brezden CB, Phillips KA, Abdolell M, et al. Cognitive function-

ing in breast cancer patients receiving adjuvant chemotherapy. J

Clin Oncol 2000, 18, 2695–2701.

12. Ahles TA, Saykin AJ, Furstenberg CT, et al. Neuropsychologic

impact of standard-dose systemic chemotherapy in long-term

survivors of breast cancer and lymphoma. J Clin Oncol 2002, 20,

485–493.

13. Schagen SB, Muller MJ, Boogerd W, et al. Late effects of adju-

vant chemotherapy on cognitive function: a follow-up study in

breast cancer patients. Ann Oncol 2002, 13, 1387–1397.

14. Paganini-Hill A, Clark LJ. Preliminary assessment of cognitive

function in breast cancer patients treated with tamoxifen. Breast

Cancer Res Treat 2000, 64, 165–176.

15. Ernst T, Chang L, Cooray D, et al. The effects of tamoxifen and

estrogen on brain metabolism in elderly women. J Natl Cancer

Inst 2002, 94, 592–597.

16. Gianni L. Editorial: High-dose chemotherapy for breast cancer:

any use for it? Ann Oncol 2002, 13, 650–652.

17. Early Breast Cancer Trialists’ Collaborative Group. Poly-

chemotherapy for early breast cancer: an overview of the rando-

mised trails. Lancet 1998, 352, 930–942.

18. Shilling V, Jenkins V, Fallowfield L, Howell A. The effects of

oestrogens and anti-oestrogens on cognition. Breast 2001, 10,

484–491.
19. Shughrue PJ, Lane MV, Merchenthaler I. Comparative distribu-

tion of estrogen receptor alpha and beta mRNA in the rat central

nervous system. J Comp Neurol 1997, 388, 507–525.

20. Sherwin BB, Estrogen cognitive functioning in Women. P Soc

Exp Biol Med 1998, 217, 17–22.

21. Kritz-Silverstein D, Barrett-Connor E. Hysterectomy, oophor-

ectomy, and cognitive function in older women. J Am Geriatr Soc

2002, 50, 55–61.

22. Fisher B, Constantino JP, Lawrence D, et al. Tamoxifen for pre-

vention of breast cancer: report of the national surgical adjuvant

breast and bowel project P-1 study. J Natl Cancer Inst 1998, 90,

1371–1388.

23. Dhingra K. Antiestrogens—tamoxifen, SERMs and beyond.

Invest New Drugs 1999, 17, 285–311.

24. Chen D, Chun FU, Shi B, Xu YM. Tamoxifen and toremifene

cause impairment of learning and memory function in mice.

Pharmacol Biochem Behav 2002, 71, 277–284.

25. Ganz PA, Castellion SA, Silverman DHS. Editorial: Estrogen,

tamoxifen, and the brain. J Natl Cancer Inst 2002, 94, 547–549.

26. Yaffe K, Krueger K, Sarjkar S, Grady D, Barrett-Connor E, Cox

D, Nickelsen T. Cognitive function in postmenopausal women

treated with raloxifene. N Engl J Med 2001, 244, 1207–1213.

27. Bernstein SG, Vardy MD, Nieves J, Ferrara K, Lindsay R,

Cosman F. Short-term effects of raloxifene, tamoxifen, and

estrogen on cognitive function. Obstetrics Gynaecol 2002, 99,

S59–S60.

28. Baum M, Buzdar AU, Cuzick J, et al. Anastrozole alone or in

combination with tamoxifen versus tamoxifen alone for adjuvant

treatment of post menopausal women with early breast cancer:

first results of the ATAC randomised trial. Lancet 2002, 359,

2131–2139.

29. Shilling V, Jenkins V, Fallowfield L, Howell T. Cognitive assess-

ment of women receiving hormone therapy for breast cancer.

Psychooncology 2002, 11, 556 (abstr.).

30. Wilson B, Cockburn J, Baddeley A, et al. The development and

validation of a test battery for detecting and monitoring everyday

memory problems. J Clin Exp Neuropsyc 1989, 11, 855–870.

31. LeBlanc ES, Janowsky J, Chan BKS, Nelson HD. Hormone

replacement therapy and cognition: a systematic review and

meta-analysis. JAMA 2001, 285, 1489–1499.

32. Haskell SG, Richardson ED, Horwitz RI. The effect of estro-

gen replacement therapy on cognitive function in women: a

critical review of the literature. J Clin Epidemiol 1997, 50,

1249–1264.

33. Band GPH, Ridderinkhof KR, Segalowitz S. Explaining neuro-

cognitive aging: is one factor enough? Brain Cognition 2002, 49,

259–267.

34. Sellick SM, Crooks DL. Depression and cancer: an appraisal of

the literature for prevalence, detection, and practice guideline

development for psychological interventions. Psychooncology

1999, 8, 315–333.

35. Eysenck MW. Anxiety: The Cognitive Perspective. Hillsdale, NJ,

Erlbaum, 1992.

36. Grober SE. Resources for treatment of chemotherapy-related

cognitive difficulty. Cancer Practice 2002, 10, 216–218.
R. Morse et al. / European Journal of Cancer 39 (2003) 2288–2297 2297


	Neuropsychological functioning following systemic treatment in women treated for breast cancer: a review
	Introduction
	Incidence of cognitive deficits
	Profile of neuropsychological deficits
	Adjuvant chemotherapy and cognitive function
	Adjuvant hormonal therapy and cognitive function
	Objective measures versus subjective perceptions of cognitive function
	The effect of biomedical and psychological factors on cognitive function
	Conclusions
	References


