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Abstract Studies suggest that adjuvant chemotherapy for
early stage breast cancer (BC) is associated with cognitive
impairment related to attention, memory, and visuospatial
functioning. However, other studies have failed to confirm
that relationship. We report one of the first longitudinal,
controlled studies of cognitive effects of chemotherapy in
older post-menopausal women. Sixty-one post-menopausal
women with non-metastatic BC were administered
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neuropsychological tests before adjuvant therapy (Timel),
six months after treatment (Time2), and at a final 6-month
follow-up (Time3). Thirty women were treated with che-
motherapy; thirty-one women who received no chemo-
therapy were controls. Cognitive domains measured
included motor, language, attention/concentration/working
memory, visuospatial, and memory (verbal and visual).
Time-by-treatment interaction was significant in the motor
domain (P = 0.007) with poorer performance in women
treated with chemotherapy. For the other domains, scores
did not significantly vary over time by group. In post-
menopausal women, chemotherapy was not associated with
changes in cognitive function in areas reported by BC
survivors: attention, memory, and information processing.
Motor slowing in women treated with chemotherapy could
be secondary to peripheral neuropathy rather than an
indication of more general declines in cognitive processing.
Future studies should control for the independent effects of
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slowed motor functioning when looking to study possible
chemotherapy related cognitive processing deficits.

Keywords Breast cancer - Chemotherapy -
Post-menopausal - Cognitive function

Introduction

Over the past decade, there has been increasing concern
about the cognitive effects of chemotherapy treatment.
However, several published studies claim that the literature
has not demonstrated a clear causal relationship between
adjuvant chemotherapy and subsequent cognitive difficul-
ties [1]. A number of cross-sectional studies of women with
breast cancer (BC) previously treated with chemotherapy
documented a prevalence of cognitive impairment (28—
75%) [2-6]. Interestingly, one study [7] found pre-che-
motherapy rates of cognitive impairment in BC patients
similar to post-treatment rates. These findings illustrate
the importance of using longitudinal designs to clarify
the relationship between chemotherapy and cognitive
functioning.

Findings from the few published longitudinal studies
have been mixed. One study of 85 women with early stage
BC found no significant differences in cognitive change
over time between groups treated with chemotherapy or not
[8]. Two studies found no significant mean group decline in
women receiving chemotherapy but reported that a subset
of the women demonstrated a decline in cognitive function
[7, 9]. One recent study of 61 post-menopausal women
found a subtle negative influence of chemotherapy on
cognitive function as compared with women receiving
adjuvant hormonal therapy [10]. Inferences about possible
causal effects of chemotherapy on cognition in these
studies are methodologically limited. Hurria et al. [9] did
not include a control group to control for aging or practice
effects. Two of the studies [7, 8] included both pre-and
post-menopausal women, raising the possibility that dif-
ferential effects of estrogen level on cognitive function
may have confounded the chemotherapy findings. The
research to date has not definitively shown a clear causal
relationship between chemotherapy and cognitive difficul-
ties. Some of the confounding factors included menopausal
status as well as not having a control group. The current
study attempts to address the limited generalizability of the
existing literature by controlling for the confounding
variables of menopausal status and by including a control
group.

The purpose of the current study was to examine, pro-
spectively, the cognitive effects of chemotherapy treatment
in post-menopausal women treated for early stage BC as
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compared with women diagnosed with DCIS who are not
treated with chemotherapy. We hypothesized that women
with BC treated with surgery and chemotherapy will
exhibit greater cognitive impairment immediately post-
treatment and 6 months following treatment when com-
pared to women with BC treated with surgery alone.

Methods
Participants

Participants were 61 women (mean age 60.7; range 46.95—
70.96) diagnosed with non-metastatic BC [ductal carci-
noma in situ (DCIS), Stage I, II, or Illa] receiving treat-
ment at Columbia University Medical Center (CUMC).
Eligibility criteria were: ages 45-70, curative breast sur-
gery, and post-menopausal (no menstrual period for
>12 months or surgical menopause). Exclusion criteria
were: prior primary malignancy; prior exposure to che-
motherapy or craniospinal radiation; neoadjuvant chemo-
therapy; neurological, significant psychiatric or medical
comorbidities that might affect ability to participate; or
minimal English fluency. We included women on SSRI’s
who met all other requirements.

Seventy-four women signed consent. Four were later
excluded from participation due to exclusion criteria.
Seventy eligible women completed a baseline evaluation;
data presented here include the 61 women who returned
to complete a second, six-month evaluation as well as
the 52 women who completed the third six-month fol-
low-up.

Women treated with a 3—6-month adjuvant chemother-
apy regimen comprised the experimental group (CT). The
no-chemotherapy comparison group (No-CT) included
women diagnosed with BC who were treated with surgery
and, in many cases, other adjuvant therapies per standard
medical care (e.g., radiation, hormonal therapy).

All eligible patients who were screened and signed
consent were enrolled in the study. The study was approved
by the IRB of the New York State Psychiatric Institute and
CUMC.

Procedures

Participants completed a battery of standardized neuro-
psychological tests and self-rated questionnaires at three
times. The Timel (T1) evaluation was conducted post-
surgery but before any treatment. The same evaluation took
place approximately 6 months after T1 or within a month
after completing chemotherapy for the CT group (T2) and
6 months after the second evaluation (T3).



Breast Cancer Res Treat (2010) 123:25-34

27

Measures
Neuropsychological tests

The neuropsychological tests utilized for this study assess
five cognitive domains: motor speed, language, attention/
concentration, visuospatial, and memory. The tests are:
standardized, valid, and reliable measures of the different
cognitive domains, and have been used in other studies of
women with BC [11]. When available, alternate forms
(shown with an asterisk) of the same test were used to
minimize practice effects; order of alternate forms was
counterbalanced.
Motor

Grooved Pegboard [12, 13] is a measure of manual
dexterity.
Finger Tapper [14] is a test of fine motor speed.

Language

Controlled Oral Word Association Test (COWAT)* [15]
is a test of verbal fluency.

Boston Naming Test [16] is a measure of word-finding
abilities.

Attention/concentration/working memory

Trailmaking Test* [17] is a test of speed for visual
search, attention, mental flexibility, and motor function.
WAIS-III Digit Symbol [18] is a test of speed of
processing.

WAIS-III Digit Span [18] assesses working memory and
mental manipulation.

WAIS-III Number/Letter [18] is a more complex test of
working memory and mental manipulation.

WAIS-III Arithmetic [18] is a mental arithmetic test.

Visuospatial

Rey Complex Figure Test: Copy [19, 20] is a test of
visuospatial constructional ability.

Memory

Verbal: Buschke Selective Reminding Test* [21] is a
measure of verbal memory through a list learning
procedure.

Visual: Benton Visual Retention Test* [22] is a measure
of visual perception and visual memory that comprises 2
scores: number correct and errors.

A cognitive domain-specific score was used. Five scores
were computed as the mean of z-scores on the tests rep-
resenting each domain. These domain z-scores were used
as continuous variables in analyses.

Self-reported cognitive problems

At each evaluation, women were asked to rate their
perceived memory abilities on a five-point Likert scale,
which was dichotomized for analyses such that ratings
>2 were coded as memory problems.

Psychological distress

Depression and anxiety: The Beck Depression Inventory
IT (BDI) [23, 24] assesses general depression. The Zung
Self-rating Anxiety Scale (ZAS) [25, 26] assesses
anxiety symptoms. Scale scores on the BDI and ZAS
were used as continuous measures in analyses.

Data analysis

Statistical analyses were performed using SAS 9.2. For
comparison of baseline characteristics between treatment
groups, we used ¢ tests for continuous measures and Chi-
square tests for categorical measures. Pearson’s two-tailed
correlation test was used to evaluate redundancy among the
15 neuropsychological tests. For any particular pair of
tests, a correlation of 10.91 or higher suggests that the pair of
tests measures the same construct.

To test whether the relationship between time (T1-T2 and
T1-T3) and cognitive domain scores differed as a function of
treatment group, the interaction effect of group and time was
estimated in multi-level modeling (PROC MIXED; SAS
9.2), adjusted for age, diagnosis, number of tests in each
domain, and hormone replacement therapy status. Mixed
effect models have several advantages over conventional
regression analyses, some of which are the abilities to handle
repeated measurements within subjects of both predictors
and outcome variables, to model autocorrelation effects, and
to handle missing data. Maximum likelihood methods were
used to obtain estimates for the models. Statistical signifi-
cance was two-tailed and set at 5% for all tests.

Results
Demographics

Demographic information is presented in Table 1. The
chemotherapy regimens seen here are comparable to those in
similar studies. Thirty-six women (60%) were on some form
of endocrine therapy at the T2 evaluation (Tamoxifen: 53%;
Arimidex: 47%), with significantly more of these women
(22) in the No-CT group. By T3, 41 women (80%) were on
endocrine therapy (No-CT: 20, CT: 21) with no significant
difference between treatment groups. At T1, there were
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Table 1 Description of participants and comparison of treatment groups at the post-surgery baseline (Timel)

Total sample (n = 61)

CT group (n = 30)

No-CT group (n = 31) Group comparison

Age (years) 60.7 (5.9) 60.3 (5.6) 61.1 (6.2) 1(59) = —0.51
Estimated 1Q 112.7 (8.6) 112.1 (9.4) 113.2 (7.8) #(59) = —0.50
Education (years) 16.3 (3.2) 16.6 (3.2) 16.0 (3.3) 1(58) = 0.76
Ethnicity 7(3) = 3.01
Asian 10.0% (6) 13.3% (4) 6.5% (2)
Black 14.8% (9) 20.0% (6) 9.7% (3)
Hispanic 8.2% (5) 10.0% (3) 6.5% (2)
White 67.2% (41) 56.7% (17) 77.4% (24)
Diagnosis 12(2) = 24.51%%*
DCIS 19.7% (11) 0.0% (0) 35.5% (11)
BCI 41.0% (25) 30.0% (9) 51.6% (16)
BC II + Illa 39.3% (25) 70.0% (21) 12.9% (4)
Surgery type (1) =1.35
Lumpectomy 63.9% (39) 56.7% (17) 71.0% (22)
Mastectomy 36.1% (22) 43.3% (13) 29.0% (9)
Radiation treatment 60.7% (37) 56.7% (17) 64.5% (20) 72(1) = 0.03
Chemotherapy regimen 12(2) = 2.60"
ACT 46.7% (14)
AC 23.3% (7)
CMF 30.0% (9)
Past HRT use (1) =367
No 47.5% (29) 60.0% (18) 35.5% (11)
Yes 52.5% (32) 40.0% (12) 64.5% (20)
If yes, within 6 months before BC dx?
No 15.6% (5) 25.0% (3) 10.0% (2)
Yes 84.4% (27) 75.0% (9) 90.0% (18)

CT treated with chemotherapy, No-CT not treated with chemotherapy, /Q intelligence quotient, DCIS ductal carcinoma in situ, BC I stage I breast
cancer, BC II or Illa stage II or Illa breast cancer, ACT adriamycin + cyclophosphamide + docetaxel/paclitaxel, AC adriamycin + cyclo-
phosphamide, CMF cytoxan + methotrexate + S5-fluorouracil, HRT hormone replacement therapy, BC breast cancer

Values are shown as either Mean (SD) or Percent% (n)

 One-sample y° test showing no difference in proportion of participants receiving each chemotherapy regimen

# P <0.05, ** P < 0.01, ®* P <0.001, "P < 0.10 (trend)

seven women (four in the No-CT group and three in the CT
group) taking psychiatric medication (all SSRI’s). These
women were not significantly different than the rest of the
group on T1 neuropsychological measures. The percentage
of participants with even mild symptoms of depression
(BDI > 10; 28.3%) or anxiety (ZAI > 45; 18.6%) was
small.

The nine women who withdrew without completing the
T2 evaluation, as compared with those who continued in
the study, were not significantly different in age, diagnosis,
chemotherapy regimen, history of taking HRT, and T1
depression and anxiety. They were more likely to receive
chemotherapy (trend, P < 0.10) and had significantly
fewer years of education and lower estimated 1Q. These
women also showed poorer T1 performance in several
cognitive domains: language (P = 0.0001), motor
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(P = 0.003), attention (P = 0.010), and verbal memory
(P = 0.04). Another nine women withdrew between the T2
and T3 evaluations. This group did not differ significantly
from those who completed T3 in key demographic or
cancer-related characteristics. They did show poorer T1
cognitive performance in motor (P = 0.003), visual
memory (P = 0.01) and verbal memory (P < 0.07, trend).
Specific reasons for withdrawal in almost cases are
unknown. Of the 18 women who did not complete the
study, we excluded two, one for chronic alcohol abuse, and
one for very low T1 cognitive scores.

The treatment groups were well balanced on most
variables, but they significantly differed by diagnosis. Use
of chemotherapy was associated with higher stage cancer.
The treatment groups also were unbalanced in their history
of taking hormone replacement therapy (HRT). Women
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who received chemotherapy were less likely to have ever
taken HRT than those not receiving chemotherapy. Thus,
diagnosis and HRT status were included in the model.

Pearson’s two-tailed correlation test was used to eval-
uate redundancy among the 15 neuropsychological tests.
A 0.93 correlation was found between BVRT-Correct and
BVRT-Error scores. Thus, only the BVRT-Correct score
is presented and used in the model. In addition, as the
visual memory and verbal memory domains were each
comprised of only one test score, they were combined to
form a single memory domain, similar to other studies
[3, 27].

The intervals between assessments were not signifi-
cantly different for the treatment groups: Surgery-Tl1:
[CT (29.17 £ 16.13 days), No-CT (33.52 £ 26.15 days);
T1-T2: CT (218 £ 7.81 days), No-CT (210 £ 7.08 days);
T2-T3: CT (219 % 36.28), No-CT (232 + 43.27)]. Thus,
testing interval was not used as a covariate in the model.

T1 Neuropsychological performance

T1 cognitive and psychological functioning is presented in
Table 2. The treatment groups did not significantly differ
on any test or domain of functioning with the exception of
memory. Before any treatment, the CT group had lower
verbal memory scores on the Buschke (Total Score) as
compared to the No-CT group.

T1 BDI depression and Zung anxiety scores were
uncorrelated with cognitive performance and did not differ
between treatment groups.

Mixed model

A main effect of time was seen in the language and visu-
ospatial domains with a tendency for women to do better
over time. There was no main effect of chemotherapy
treatment.

Four of the five domain scores used in the model showed
no significantly different within-group changes between
T1-T2 and T1-T3 (Table 3). However, time-by-treatment
group was significant in the motor domain (F = 5.01;
P = 0.007; Fig. 1). Women in the No-CT group showed
significantly better (faster) performance on motor tasks
between T1 and T3 (¢t = 2.73; P = 0.007). Women in the
CT group showed a non-significant, but borderline, decline
in motor performance between T1 and T3 (r = —1.76;
P = 0.08) (Table 4).

Adding diagnosis and HRT status to the model was not
found to significantly impact performance in any of the
cognitive domains. However, when age was added into
the model for the visuospatial domain, it was found to be
significant (F = 9.4; P = 0.003). An increase in 1 year of

Table 2 Cognitive and psychological functioning at Time 1 by
treatment group

N Total CT Group  No-CT
Sample (N =31) Group
(N =61) ™V =30)
Motor 60 047 (1.15) 0.68 (1.17) 0.28 (1.12)
Finger Tapper: 57 173 (1.34) 1.74 (1.21) 1.73 (1.59)
Dominant Hand
Finger Tapper: 58 130 (1.23) 1.38 (1.11) 1.24 (1.34)
Non-dominant
Hand
Pegboard: 54 —0.49 (1.72) —0.18 (1.67) —0.76 (1.76)

Dominant Hand

Pegboard: Non- 54 —0.88 (1.82) —0.41 (1.64) —1.28 (1.89)
dominant Hand

Language 60 —0.04 (0.85) —0.04 (0.94) —0.05 (0.78)

COWAT 60 0.10 (0.86) 0.24 (0.94) —0.04 (0.78)

Boston Naming 53 —0.13 (1.47) —0.33 (1.48) 0.07 (1.46)
Test

Attention 61 040 (0.67) 0.34 (0.69) 0.47 (0.65)

Trail Making A 61 0.53(0.90) 0.40 (1.00) 0.65 (0.79)

Trail Making B 61 045 (1.02) 0.32(1.18) 0.56 (0.85)

WAIS: Digit 61 0.66 (0.98) 0.69 (0.98) 0.63 (1.00)
Symbol

WAIS: Digit Span 60 0.23 (0.92) 0.23 (0.91) 0.23 (0.95)

WAIS: Arithmetic 59 0.22 (0.89) 0.09 (0.92) 0.34 (0.86)

WAIS: Number/ 60 0.36 (0.83) 0.34 (0.90) 0.38 (0.78)
Letter

Visuospatial

Rey Copy 60 —1.12 (2.46) —1.52 (2.84) 0.74 (2.02)

Memory 58 —0.07 (0.86) —0.30 (0.91) 0.17 (0.76)*

Buschke Total 61 —0.31 (0.99) —0.60 (1.06) —0.02 (0.84)*
Recall

Benton Visual 58 0.17 (1.12)  0.01 (1.17)  0.33 (1.06)
Retention:
Correct

Emotional Functioning

Beck Depression 60 7.42(6.98) 6.67 (6.22) 8.17 (7.71)
Inventory

Zung Anxiety 59 40.59 (6.85) 40.08 (7.22) 41.12 (6.52)
Index

CT, treated with chemotherapy; No-CT, not treated with chemo-
therapy; WAIS, Wechsler Adult Intelligence Scale, version 3; CO-
WAT, Controlled Oral Word Association Test

* p<.05

Values in table are shown as Mean (SD). Values for the cognitive
tests are Z-scores, calculated for each participant using standardized,
age-corrected norms for each test. Reverse z-scores were calculated
for timed tasks

Cognitive domain scores are calculated as the mean of all tests used to
represent that domain. For domains evaluated with only one test, that
test’s mean is the same as the domain mean

age was significantly associated with an increase of 0.1562
standard deviations in the visuospatial domain. Age was
not significant in any of the other domains.
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Table 3 Time x chemotherapy (Tx) interaction effect on motor domain

Label p Standard error DF t value Pr > [1] Confidence interval
Lower Upper
T3-T1 No-CT 0.30990 0.1135 424 2.73 0.0066 0.08671 0.53310
T2-T1 No-CT 0.13240 0.1060 420 1.25 0.2124 —0.07600 0.34090
T3-T1 CT —0.20790 0.1179 423 —1.76 0.0785 —0.43960 0.023770
T2-T1 CT —0.09193 0.1121 420 —0.82 0.4126 —0.31220 0.12840
29 ~—2—- NoChemo —#— Chemo with women receiving chemotherapy who showed a non-
Q- significant decline on motor performance 6 months fol-

zZ-score

T T T
Baseline Follow-up 6 month follow-up

Fig. 1 Effect of chemotherapy on motor function. Results of mixed
model analysis. Graph shows the interaction of time-by-chemother-
apy treatment group. Graph values are least squares means + 95%
confidence intervals

Self-reported cognitive problems

Women reported memory problems at all three time points:
T1, 30% (18/61); T2, 39% (24/61); and T3, 38% (19/50).
Self-reported memory problems were not associated with
treatment type, nor were they related to domain z-scores at
any of the time points. However, the percentage of women
who complained of memory problems in the CT group ten-
ded to goup over time (T1 = 27%, T2 = 43%, T3 = 46%),
whereas the percentage of women in the No-CT group who
complained of memory problems tended to remain the same
over time (T1 = 32%, T2 = 35%, T3 = 31%). Self-repor-
ted memory problems were significantly related to mean
depression scores at T1 [#(55) = —2.48, P = 0.016] and T3
[1(47) = —2.3,P = 0.04],and atrend at T2 [#(57) = —1.79,
P = 0.078]. Self-reported memory scores were significantly
related to anxiety at T2 [#(57) = —3.124, P = 0.003].

Discussion
In the current longitudinal study, we found a significant
relationship between time and treatment in the motor

domain of functioning. Women who were not treated with
chemotherapy improved more on motor tasks as compared
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lowing treatment. Women in the No-CT group are likely
exhibiting a practice effect that women in the CT group are
not showing. Practice effects refer to increases on tests that
happen when an individual retakes the same or a similar
test. This is due to experience with the test and testing
procedures and is especially relevant when the time
between evaluations is relatively short. The lack of
enhanced performance on some tasks after repeated testing
may, in fact, be an indicator of pathology [28]. Thus, our
current finding of a “lack of practice effect” can actually
be viewed as a deficit and needs to be accounted for [29].
Time and treatment were not significantly related to any of
the other cognitive domains. Although women reported
memory problems at all three time points and the treatment
groups significantly differed at baseline, there was no
relationship between time and treatment in the memory
domain.

This motor effect has generally not been associated with
“chemobrain”-by-women treated for BC. Anecdotal con-
cerns tend to focus on memory and attention problems. The
most common areas of cognitive difficulties seen in the BC
literature are: working memory, visual memory, verbal
memory, executive functioning, information processing
speed, attention, learning, and visuospatial functioning [11,
27, 30-33].

Motor functioning, however, could be affected by both
surgical and non-surgical treatments of BC. With the
advent of increasingly neurotoxic drugs and multiple
chemotherapy regimens, the incident of chemotherapy-
induced peripheral neuropathy in cancer treatment, in
general, is increasing [34]. The prevalence of chronic
neuropathic pain following BC surgery may exceed 50%
[35]. In addition, neuropathy is the dose limiting toxicity of
paclitaxel, a common chemotherapeutic agent to treat BC.
Although the natural history of neuropathy tends to be
improved over time, some patients may be left with
residual deficits [36].

Peripheral neuropathy has been linked to decreased
motor functioning in diabetes [37], HIV infection [38], and
pediatric cancers. Peripheral neuropathy due to vincristine
treatment is a fairly common effect seen in children treated
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Table 4 Time and domain scores by treatment group

DF F value P value
Motor
Time 2,422 0.20 0.82
Chemotherapy 1,57.9 1.32 0.25
Test 3,54.7 45.07 <0.001*
Age 1,58.9 2.08 0.15
Diagnosis 2,58.3 0.30 0.74
Past HRT 1,58.4 0.43 0.51
Time x chemotherapy 2,422 5.01 0.01
Language
Time 2,213 15.34 <0.001*
Chemotherapy 1,60.1 0.68 0.41
Test 1,57.9 11.21 0.001
Age 1,60.5 1.25 0.27
Diagnosis 2,60.3 0.99 0.38
Past HRT 1,60.2 1.24 0.27
Time x test 2,213 2.26 0.11
Time x chemotherapy 2,213 0.87 0.42
Visuospatial
Time 2,104 3.80 0.0256*
Chemotherapy 1,49.3 0.02 0.8821
Age 1,50.7 9.44 0.0034*
Diagnosis 2,49.6 1.45 0.2447
Past HRT 1,49.6 1.99 0.1644
Time x chemotherapy 2,104 2.15 0.1211
Attention
Time 2,673 0.45 0.6378
Chemotherapy 1,60.4 0.11 0.7413
Test 5,56 3.43 0.0089
Age 1,60.5 1.49 0.2263
Diagnosis 2,60.5 0.02 0.9799
Past HRT 1,60.5 0.45 0.5054
Time x chemotherapy 2,673 0.67 0.5124
Memory
Time 2,224 1.69 0.1863
Chemotherapy 1,58.5 2.97 0.0900
Test 1,61.5 9.31 0.0034
Age 1,59 0.04 0.8409
Diagnosis 2,58.8 0.29 0.7529
Past HRT 1,58.8 0.70 0.4066
Time x test 2,225 3.81 0.0235%*
Time x chemotherapy 2,224 0.21 0.8071

* p<.05

for all and is manifested as impaired fine and gross motor
function both during treatment [39] as well as after treat-
ment and may be related to radiation therapy or chemo-
therapy [40, 41]. In one study, pediatric all survivors were
found to show decreased motor nerve conduction in the
peripheral nerves but not within the CNS 5 years after

treatment [42]. Thus, decreased motor functioning may be
independent of CNS functioning.

Differentiating the independent effects of simple motor
slowing from more generalized declines in cognitive pro-
cessing can be difficult. This is due to the fact that most
neuropsychological measures measure multiple areas of
functioning and are often unable to assess only one realm
of functioning [43]. Statistically controlling for other
influences, such as peripheral neuropathy as well as uti-
lizing measures of processing that are free from motor
functioning could help identify the presence of CNS pro-
cessing problems as has been shown in HIV-1 disease [38].
HIV-1 infection was found to compromise CNS-mediated
cognitive processes in symptomatic patients even after
controlling for simple motor functioning, peripheral neu-
ropathy, age education, and mood. Simple motor speed was
controlled for statistically but, in addition, the Stroop
Interference Task, a measure relatively unaffected by
peripheral motor slowing, was used as a measure of com-
plex cognitive processing. This methodology has generally
not been used in BC studies and could possibly account for
some of the mixed findings linking chemotherapy to
declines in cognitive functioning.

Our findings, along with the findings in two recent
longitudinal studies [8, 44], do not support the widely held
belief in a direct causal effect of adjuvant chemotherapy on
general cognitive dysfunction in areas such as memory,
attention, and information processing. Women who go onto
receive chemotherapy start out with lower memory scores
as compared to the women who are not treated with che-
motherapy which may be related to the cancer itself, past
hormonal treatment, or other unknown variables. These
scores, though, do not significantly change after chemo-
therapy. However, we did observe that women receiving
chemotherapy were less likely to show what we believe is a
practice effect on tests of motor functioning, which can be
viewed as impairment. This impairment, however, may be
secondary to peripheral neuropathy associated with certain
chemotherapy agents and may not, in fact, be reflective of a
change or decline in CNS cognitive processing.

Similar to others, we found no relationship in BC sur-
vivors between neuropsychologically assessed cognitive
impairment and self-rated cognitive difficulties [3-5, 45].
A poor correlation between subjective and objective ratings
of cognitive functioning is common in many populations:
cancer [46], HIV [47], epilepsy [48], and mild head injury
[49]. Similar to other studies, our data show a relationship
between self-rated cognitive difficulties and depression and
anxiety [45].

Limitations of this study include a relatively small
sample size, which may have prevented detection of more
subtle chemotherapy effects in domains of cognitive pro-
cessing. In addition, in order to enroll enough subjects, we
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included women taking different chemotherapeutic agents
for a varied amount of time, which may have affected the
results. It is also possible that the tests used are not sen-
sitive enough to detect subtle cognitive problems in those
areas [50]. In addition, women who withdrew from the
study were more likely than women who continued in the
study to receive chemotherapy and be impaired at baseline
in several cognitive domains. Their continued participation
might have had an impact on the results. We tried to limit
attrition by offering to conduct follow-up assessments in
women’s homes. While such attrition is not uncommon,
better methods for limiting attrition in this type of research
are needed.

Further, we evaluated cognitive function soon after
women completed chemotherapy and then 6 months later,
but a longer follow-up may be needed to detect later cog-
nitive changes. We used a post-surgery baseline which may
have inflated the baseline rates of impairment. Change in
cognitive function could be affected by surgery and anes-
thesia, the stress of receiving a cancer diagnosis, or other
factors related to the cancer disease process. A post-test
only, nonrandomized study design provides little validity
for inferring a chemotherapy effect [S1]. Thus, we argue
that using of a post-diagnosis baseline, while not ideal, is
preferable to no baseline cognitive assessment.

Some investigators have transformed cognitive change
scores using Heaton’s Reliable Change Index (RCI) to
account for practice effects. A recent review paper [52]
reported that a comparative study in neurologically stable
patients found that regression models were better able to
predict outcomes than the use of the RCI and produced
narrower confidence intervals [53-56]. Vardy et al. rec-
ommended either a regression model or the RCI to analyze
longitudinal data in this area of study. We used a mixed
model, which have several advantages over conventional
regression analyses, including the abilities to handle repe-
ated measurements within subjects of both predictors and
outcome variables, to model autocorrelation effects, and to
handle missing data.

The control group was BC patients, rather than women
with no BC. Although we recognize the benefits of a
healthy control group to establish normative data, we chose
a BC control group to provide a more stringent test of
chemotherapy effects. All participants experienced the
emotional and cognitive toll of receiving a cancer diagnosis
and undergoing surgery. Any group differences, therefore,
infer more specifically a chemotherapy effect than com-
parison to a healthy group, in which group differences
could be attributed to nonspecific effects of many factors
associated with cancer diagnosis and treatment. Finally,
some of the women were treated with endocrine therapy by
the second and third evaluations. Although this treatment
may affect cognitive functioning, a recent prospective

@ Springer

study of post-menopausal women showed that anastrozole
does not appear to impair any aspect of cognitive function.
They suggested that estrogen depletion, once a woman is
post-menopausal, does not notably interfere with memory
and attention [57]. However, this may not hold true for
women receiving both chemotherapy and endocrine treat-
ment, who may be more vulnerable to cognitive
compromise.

Despite the limitations, this study contributes to the
small but growing number of controlled longitudinal neu-
ropsychological studies examining cognitive effects of
chemotherapy. It is one of the larger studies in this body of
research and one of the first studies to control for meno-
pausal status in addition to the psychological and medical
challenge of receiving a cancer diagnosis and surgery.

In conclusion, our overall findings provide no evidence
that adjuvant chemotherapy treatment for early stage BC
produces significant cognitive decline in post-menopausal
women in the areas of most complaints: memory, attention,
and information processing. There is evidence, however,
that BC patients receiving chemotherapy exhibit motor
slowing as compared to BC patients who do not receive
chemotherapy. This motor slowing is likely related to
peripheral symptoms associated with certain chemotherapy
regimens. This hypothesis needs to be explored further by
controlling for diagnosed peripheral neuropathy as well as
symptoms of neuropathy and utilizing relatively motor-free
measures in neuropsychological studies of BC survivors.
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