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A B S T R A C T

Purpose
To examine the impact of age and cognitive reserve on cognitive functioning in patients with
breast cancer who are receiving adjuvant treatments.

Patients and Methods
Patients with breast cancer exposed to chemotherapy (n � 60; mean age, 51.7 years) were
evaluated with a battery of neuropsychological and psychological tests before treatment and at 1,
6, and 18 months after treatment. Patients not exposed to chemotherapy (n � 72; mean age, 56.6
years) and healthy controls (n � 45; mean age, 52.9 years) were assessed at matched intervals.

Results
Mixed-effects modeling revealed significant effects for the Processing Speed and Verbal Ability
domains. For Processing Speed, a three-way interaction among treatment group, age, and
baseline cognitive reserve (P � .001) revealed that older patients with lower baseline cognitive
reserve who were exposed to chemotherapy had lower performance on Processing Speed
compared with patients not exposed to chemotherapy (P � .003) and controls (P � .001). A
significant group by time interaction for Verbal Ability (P � .01) suggested that the healthy controls
and no chemotherapy groups improved over time. The chemotherapy group failed to improve at
1 month after treatment but improved during the last two follow-up assessments. Exploratory
analyses suggested a negative effect of tamoxifen on Processing Speed (P � .036) and Verbal
Memory (P � .05) in the no-chemotherapy group.

Conclusion
These data demonstrated that age and pretreatment cognitive reserve were related to post-
treatment decline in Processing Speed in women exposed to chemotherapy and that chemother-
apy had a short-term impact on Verbal Ability. Exploratory analysis of the impact of tamoxifen
suggests that this pattern of results may be due to a combination of chemotherapy and tamoxifen.

J Clin Oncol 28:4434-4440. © 2010 by American Society of Clinical Oncology

INTRODUCTION

Cross-sectional and longitudinal studies have found

evidence forchemotherapy-inducedcognitivechanges

in a subgroup of patients with breast cancer, al-

though negative studies have been reported.1-3 Stud-

ies also have suggested that tamoxifen alone4 or in

combination with chemotherapy5 contributes to

cognitive decline, with less consistent evidence for

the cognitive effects of aromatase inhibitors.4,6-7 In

addition, the identification of a subgroup of patients

who demonstrate lower than expected neuropsy-

chological performance on the basis of their ages and

education levels8,9 before treatment raises the possi-

bility that there are aspects of cancer itself that im-

pact cognitive functioning or that there are common

risk factors for the development of cancer and mild

cognitive changes.10 Taken together, these findings

suggest that there are multiple aspects of breast can-

cer and its treatment that may impact cognitive

functioning in a subgroup of vulnerable individu-

als,11 which highlights the importance of identifying

risk factors for cognitive decline.10

Age is a well-established risk factor for cogni-

tive decline in other disorders,12 and researchers

have speculated that older adults may be more vul-

nerable to cognitive adverse effects of cancer treat-

ments.13 To date, studies of the cognitive effects of

adjuvant treatment for breast cancer have controlled

for age in the statistical analyses, but none have ex-

amined potential interactions of age and cancer

treatments on cognitive functioning.
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Low cognitive reserve at pretreatment may also be a risk factor for

post-treatment cognitive changes. Cognitive reserve represents innate

and developed cognitive capacity, which is influenced by various fac-

tors, including genetics, education, occupational attainment, and life-

style.14 Research has demonstrated that people with low cognitive

reserve are more vulnerable to the development of neurocognitive

disorders (eg, Alzheimer’s disease) and to cognitive decline after a

variety of insults to the brain.15 In addition, research has demonstrated

poorer cognitive outcomes secondary to neurotoxic exposures (eg,

lead) in people with low cognitive reserve.16

Therefore, the associations among age, pretreatment cognitive

reserve (defined as Wide Range Achievement Test, ed 3 [WRAT-3]

Reading score), and post-treatment cognitive performance were eval-

uated within the context of a longitudinal study, in which patients with

early-stage breast cancer exposed to chemotherapy or not exposed to

chemotherapy were evaluated with neuropsychological testing before

the beginning of adjuvant therapy and at three follow-up assessments,

and they were compared to a matched healthy control group.

PATIENTS AND METHODS

Consecutive, newly diagnosed patients with breast cancer scheduled to receive
adjuvant chemotherapy (n � 60) or no chemotherapy as part of their adjuvant
treatment (n � 72) were recruited from the Breast Cancer Service of the Norris
Cotton Cancer Center. Patients were eligible for participation if they were
diagnosed with noninvasive (stage 0) or invasive (stage 1, 2, or 3A) breast
cancer; undergoing first treatment with systemic chemotherapy or surgery
and/or local, non-CNS radiotherapy; between 18 and 70 years of age at time of
diagnosis; and fluent in English and able to read English. Patients were excluded
on the basis of the following criteria: CNS disease; previous history of cancer
(exceptbasalcellcarcinoma)ortreatmentwithchemotherapy,CNSradiation, or
intrathecal therapy; neurobehavioral risk factors, including history of neurologic
disorder (eg, Parkinson’s disease, seizure disorder, dementia), alcohol/substance
abuse, or moderate to severe head trauma (loss of consciousness � 60 minutes or
structural brain changes on imaging); and axis I psychiatric disorder (according to
the Diagnostic and Statistical Manual of Mental Disorders, ed 4 [DSM-IV]; eg,
schizophrenia, bipolar disorder, depression).

Female healthy controls (n � 45) who met the same inclusion (except for
cancer diagnosis) and exclusion criteria were recruited through community
advertisements. Healthy controls were frequency matched to patients on age
and education. All methods and procedures were approved by the institutional
review board of Dartmouth Medical School, and all participants provided
written informed consent.

The pretreatment assessment occurred after surgery but before initiation
of adjuvant therapy. Follow-up assessments for patients treated with chemo-
therapy were conducted at 1, 6, and 18 months after treatment. Because the
length of chemotherapy varied, the test-retest interval for the first follow-up
assessment for patients not exposed to chemotherapy and healthy control
participants was frequency matched to the interval for the chemotherapy
patients. Analysis of the intervals between neuropsychological assessments by
group revealed no differences.

The assessment battery included standardized neuropsychological tests,
measures of affective variables, measures of fatigue—which could impact
cognitive performance, and a self-report measure of perceived cognitive func-
tioning. Cognitive reserve was defined by pretreatment WRAT-3 Reading
score.17 Neuropsychological tests were grouped into domains to reduce the
number of statistical comparisons on the basis of expert opinion (A.J.S. and
B.C.M.), guided by a factor analysis, as described previously.9 Block Design18

(Wechsler Abbreviated Scale of Intelligence [WASI]) was also administered
but did not load on any domain.

Verbal ability. Vocabulary (WASI,18 Verbal Fluency Test (Delis-
Kaplan Executive Function System [D-KEFS])19;

Verbal memory. California Verbal Learning Test-II,20 Logical Memory
I and II (Wechsler Memory Scale-III [WMS-III]21;

Visual memory. Faces I and II (WMS-III)21;
Working memory. Paced Auditory Serial Addition Test (PASAT)22;
Processing speed. Digit Symbol-Coding (Wechsler Adult Intelligence

Scale-III [WAIS-III]),21 Trail Making Test (D-KEFS),19 Color-Word In-
terference Test (D-KEFS),19 and Grooved Pegboard23;

Sorting. Sorting Test (D-KEFS)19;
Distractibility. Continuous Performance Test (CPT)24; and
Reaction time. CPT.24

Self report measures of depression (Center for Epidemiological Study –
Depression),25,26 anxiety (Spielberger State Anxiety Inventory),27 fatigue
(Fatigue Symptom Inventory),28 and cognitive ability (Multiple Ability Self-
Report Questionnaire)29 were also administered.

Statistical Analysis
All raw neuropsychological test scores were z-transformed on the basis of

the mean and standard deviation of the scores of the healthy control group at
the first assessment. The longitudinal neuropsychological assessments were
analyzed by using a linear mixed-effects modeling approach,30 in which pa-
tients exposed to chemotherapy, patients not exposed to chemotherapy, and
healthy controls were used as the grouping factor. We chose initially to limit the
mixed model to one primary cognitive outcome domain of interest to reduce the
probability of chance findings and then to apply the model to the other cognitive
domains.TheProcessingSpeeddomainwaschosenbecausethisdomainisamong
those most sensitive to cancer treatment–related effects in previous research.1

Significance was set at P � .01 to correct for multiple comparisons.
The dependent variable was the longitudinal change of Processing Speed

at 1, 6, and 18 months after treatment or the equivalent time periods in the
yoked no chemotherapy and control groups. Change scores since baseline
have the advantage of yielding clearly interpretable indications of the direc-
tions of individual change.31 Several covariates were entered as fixed effects to
adjust for baseline individual differences, including age, education, baseline
Processing Speed, and baseline WRAT-3 Reading score (ie, measure of cogni-
tive reserve). Additional interaction terms were entered as fixed factors to test
specific research hypotheses. The effect of time was entered as a discrete, fixed
factor to capture potential differences between waves of neuropsychological
outcome assessments. Random terms were fitted to allow for patient-specific
intercept. Mixed-effects modeling has several advantages over the more com-
monly used repeated-measures analysis of variance (ANOVA).32 Casewise dele-
tion of missing observations is not necessary, which allows for the analysis of all
available data. It is also a superior approach to handling the correlation structures
of repeated measures nested within participants, which circumvents the need to
make adjustments for heteroscedascity and sphericity assumption violations.

Hypothesis tests for the fixed effects were carried out by using the Wald F
statistics and the Kenward-Roger adjustment as a precaution for inflated error
variance in slightly unbalanced group sizes.33,34 Linear combinations of fixed
effects were evaluated by t tests.34,35 The mixed models were fitted with the
PROC MIXED procedure in SAS (version 9.1; SAS Institute, Cary, NC).

RESULTS

A total of 440 patients with breast cancer who were being evaluated

and treated at the Norris Cotton Cancer Center or affiliated clinics

were identified. After screening, 131 were ineligible on the basis of the

exclusion criteria. Of the remaining 309 patients, 152 (49%) declined

to participate, primarily because of feeling overwhelmed by the diag-

nosis and treatment and/or feeling that there were too many appoint-

ments between surgery and beginning the next round of treatment to

participate. Another 22 patients (14%) agreed to participate, but test-

ing was not able to be scheduled before beginning treatment for

logistical reasons, and three patients (1%) signed consents but then with-

drew before completing the baseline assessment. A total of 132 patients

(n�22,stage0;n�62,stage1;n�37,stage2;andn�11,stage3A)were
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enrolled on the study; however, nine patients completed the pretreat-

ment assessment only. Therefore, the final sample size for the longitu-

dinal study was 123. The overall retention rate over the course of the

study was 89%. Examination of the demographic data (Table 1) dem-

onstrated that the groups were well matched on education, ethnicity,

and menstrual status; however, patients not treated with chemother-

apy were significantly older (P � .003). Patients had significantly higher

scoresofdepression,anxiety,andfatiguecomparedwithhealthycontrols,

although the levels were generally within the normal range.

Table 2 describes the chemotherapy regimens used. Additionally,

80% of the chemotherapy group (n � 34, tamoxifen; and n � 5,

anastrozole) and 66% of the no-chemotherapy group (n � 39, tamox-

ifen; n�7, anastrozole; n�2, raloxifene) were treated with endocrine

therapy; 81% of the chemotherapy group and 72% of the no-chemo-

therapy group were treated with radiation therapy.

Comparison by Treatment Group

Although the initial analysis focused on the Processing Speed

domain, Table 3 provides a summary of z-transformed domain scores

by group and time. The mixed-effects model for Processing Speed

revealed a significant time effect (P � .001) but not a group effect

(P � .08) or a time-by-group interaction (P � .40), which indicated

that all groups improved during each assessment, consistent with a

practice effect (Table 3). Adding the two-way interactions of age and

WRAT-3 Reading by group revealed significant group by age (P� .02)

and group-by-baseline WRAT-3 Reading (P � .001) interactions. The

group by age interaction indicated that older patients who received

chemotherapy had lower post-treatment Processing Speed perfor-

mance (z-score difference, �0.16 per 10 years increase in age; 95%

CI, �0.29 to �0.04) compared with healthy controls, as did pa-

tients not exposed to chemotherapy (difference, �0.11; 95% CI,

�0.21 to �0.001). The two patient groups did not differ from each

other. The group-by-baseline WRAT-3 Reading interaction indicated

that patients exposed to chemotherapy who had lower baseline WRAT-3

Table 1. Baseline Demographic and Clinical Information About Patients With Breast Cancer and Healthy Controls

Variable

Control
(n � 45)

Chemotherapy
(n � 60)

No Chemotherapy
(n � 72)

Overall PNo. % No. % No. %

Age, years .003

Mean 52.9 51.7 56.6

SD 10 7.1 8.3

Range 30-68 31-66 37-69

WRAT–3 raw score .414

Mean 51.5 50.7 50.8

SD 2.9 3.3 3.9

Range 44-56 42-56 39-57

Education .087

Mean 15.2 15.7 14.8

SD 2.1 2.7 2.3

Range 12-20 11-25 9-20

Ethnicity

White 44 100 58 98 71 99 .49

Asian 0 0 1 2 0 0

Other 0 0 0 0 1 1

Ethnicity

Hispanic 1 2 1 2 0 0 .48

Not Hispanic 43 98 56 98 71 100

Menstrual status

Regular periods� 14 32 16 27 16 24 .62

Irregular periods 2 5 6 10 5 7

Stopped 0 0 0 0 0 0

Begun to stop 2 5 5 8 2 3

Stopped permanently 26 59 32 54 45 66

CES–Depression 5.1 3.6 10.9 8 8.3 7.3 � .001

STAI State Anxiety 26.9 6.5 34.3 12.3 31.2 11.2 .002

FSI Fatigue 1.7 1.2 2.6 1.7 2.2 1.6 .011

Abbreviations: SD, standard deviation; WRAT-3, Wide Range Achievement Test (ed 3); CES-Depression, Center for Epidemiological Study-Depression; STAI State
Anxiety, State-Trait Anxiety Inventory; FSI, Fatigue Symptom Inventory.

�For longer than 1 year.

Table 2. Chemotherapy Regimens

Regimen No. of Patients

Doxorubicin/cyclophosphamide/paclitaxel 22

Taxotere/doxorubicin/cyclophosphamide 2

Cyclophosphamide/doxorubicin/fluorouracil 1

Doxorubicin/cyclophosphamide 18

Fluorouracil/epirubicin/cyclophosphamide 10

Cyclophosphamide/methotrexate/fluorouracil 7

Ahles et al
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Reading scores had lower post-treatment Processing Speed performance

compared with patients not exposed to chemotherapy (P � .005) and

healthy controls (P � .001). The comparison between controls and the

no-chemotherapy group was not significant (P � .17).

Finally, the three-way interaction (group by age by baseline

WRAT-3 Reading score) was also significant (P � .001), which indi-

cated that older patients with lower baseline WRAT-3 Reading scores

who were exposed to chemotherapy had lower performance on Pro-

cessing Speed compared with patients not exposed to chemotherapy

(difference, �0.15 per 10 years increase in age and one standard

deviationlowerinWRAT-3Reading;95%CI,�0.25to�0.05;P� .003).

A greater difference was seen when comparing patients exposed to chem-

otherapy and controls (difference, �0.23; 95% CI, �0.34 to �0.13; P �

.001). The comparison of patients not exposed to chemotherapy and

healthy controls was in similar direction but was not significant (P� .08).

Figure 1 provides an illustration of the three-way interaction by

displaying change scores averaged over the three post-treatment as-

sessments for the three groups divided by age tertiles (ie, 30 to 49, 50 to

59, and 60 to 70 years) and a median split on baseline WRAT-3

Reading score. Consistent with the analysis, the older patients with

lower baseline WRAT-3 Reading scores who were exposed to chemo-

therapy demonstrated a decline in adjusted post-treatment scores,

whereas most other groups improved.

Applying the mixed-effects model to the other cognitive domains

revealed a significant group-by-time interaction for the Verbal Ability

domain (P � .01) as well as a significant age-by–WRAT-3 Reading

interaction (P � .039) but no three-way interaction with treatment

group.ExaminationofFigure2revealsthatpatientsnotexposedtochem-

otherapyandhealthycontrolsdemonstratedimprovedperformanceover

time, whereas patients exposed to chemotherapy demonstrated no im-

provement from baseline to the first post-treatment assessment,

which was followed by improvement over the next two assessments.

Finally, age was significantly related to performance on the Ver-

bal Memory, Visual Memory, Working Memory, and Sorting do-

mains, and WRAT-3 Reading was significantly related to performance

in the Distractibility domain. However, no significant main effects for

group or interactions between time, age and/or WRAT-3 Reading and

treatment group emerged.

Because the majority of patients were treated with tamoxifen, we

conducted an exploratory analysis comparing patients in the no-

chemotherapy group treated with tamoxifen (n � 39) with those not

receiving endocrine therapy (n � 20) and healthy controls. Main effects

for treatment were found for Processing Speed (P � .036) and Verbal

Memory (P � .05), with a trend for the Verbal Ability (P � .067). In all

instances, patients treated with tamoxifen performed worse than healthy

controls (Processing Speed, P � .016; Verbal Memory, P � .018; Verbal

Ability Domain, P � .023), whereas the performance of patients not

treated with tamoxifen did not differ significantly from controls. In no

instance did the patients treated and not treated with tamoxifen differ.

Menopausal status at baseline or change in menopausal status

with treatment (eg, chemotherapy-induced menopause) has been

proposed as important in moderating post-treatment cognitive

change. However, no main effects or interactions were found when

baseline menopausal status or change in menopausal status was added

to the model. Similarly, adding depression, anxiety, and fatigue scores as

time-varying covariates did not yield any main effects or interactions.

Self-Report of Cognitive Function

Inclusion of the Multiple Ability Self-Report Questionnaire

(MASQ) total score in the model revealed a significant main effect for

time (P � .02) and a significant group-by-time interaction (P � .04),

but no significant interactions with age or pretreatment cognitive

reserve. Table 4 displays the MASQ total score means and standard

deviations by group. Tukey Honestly Significant Difference tests re-

vealed that the increase in cognitive symptoms from pretreatment was

significantly greater (P � .05) for the chemotherapy group compared

Table 3. Adjusted Domain Scores by Group and Across Assessment
Time Points

Variable by Time Point

Control Chemotherapy
No

Chemotherapy

Mean SD Mean SD Mean SD

Baseline

No. of patients 44 60 72

Processing speed �0.05 0.59 �0.18 0.56 �0.26 0.66

Verbal ability �0.03 0.70 �0.21 1.00 �0.23 0.85

Verbal memory �0.04 0.75 �0.25 0.93 �0.20 0.91

Visual memory �0.04 0.91 �0.10 0.93 0.01 0.80

Working memory �0.01 0.92 �0.29 1.40 �0.45 1.26

Sorting �0.07 0.72 �0.18 0.56 �0.05 0.95

Distractibility �0.01 0.90 �0.01 0.91 �0.04 1.00

Reaction time �0.02 0.88 �0.77 1.17 �0.28 0.90

Block design �0.02 0.91 �0.21 0.94 �0.29 0.89

1 month after treatment

No. of patients 43 55 68

Processing speed 0.12 0.58 �0.11 0.46 �0.14 0.65

Verbal ability 0.12 0.58 �0.23 0.53 �0.15 0.73

Verbal memory 0.45 0.72 0.15 0.86 0.09 0.87

Visual memory 0.67 0.96 0.77 0.68 0.63 0.85

Working memory 0.33 0.96 0.24 0.86 0.03 0.99

Sorting 0.26 0.68 0.12 0.91 �0.05 0.95

Distractibility 0.28 0.47 0.12 0.47 �0.04 1.00

Reaction time 0.07 0.97 �0.47 1.07 �0.28 0.90

Block design 0.14 0.75 �0.11 0.89 �0.13 0.91

6 months after treatment

No. of patients 42 49 67

Processing speed 0.17 0.61 �0.08 0.45 �0.17 0.64

Verbal ability 0.14 0.59 0.03 0.92 �0.06 0.78

Verbal memory 0.67 0.73 0.53 0.80 0.33 0.91

Visual memory 0.98 0.71 0.97 0.65 0.83 0.82

Working memory 0.65 0.82 0.39 0.76 0.28 0.96

Sorting 0.39 0.75 0.40 0.90 0.26 0.89

Distractibility 0.38 0.29 0.13 0.49 �0.05 1.09

Reaction time 0.15 0.82 �0.39 0.94 �0.26 0.89

Block design 0.14 0.79 0.01 0.79 �0.20 0.99

18 months after
treatment

No. of patients 39 46 64

Processing speed 0.25 0.52 �0.01 0.45 �0.09 0.65

Verbal ability 0.17 0.71 0.17 0.87 �0.04 0.73

Verbal memory 0.69 0.69 0.68 0.80 0.38 0.93

Visual memory 1.05 0.80 1.04 0.69 1.02 0.71

Working memory 0.64 0.92 0.69 0.65 0.44 0.95

Sorting 0.55 0.73 0.52 0.91 0.21 0.86

Distractibility 0.16 0.81 0.20 0.45 �0.02 1.05

Reaction time 0.16 0.88 �0.57 1.14 �0.28 0.95

Block design 0.18 0.76 0.11 0.84 �0.07 0.82

NOTE. Analyses adjusted for age, education, and baseline score.
Abbreviation: SD, standard deviation.
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with the no-chemotherapy group and healthy controls, which did not

differ from each other.

DISCUSSION

There is general consensus in the field that only a subgroup of patients

with breast cancer experience long-term cognitive changes after adju-

vant treatment.3 Consequently, identification of factors that increase

risk for cognitive changes is critical. Data from this study demon-

strated that patients who were older, had lower pretreatment cognitive

reserve, and were exposed to chemotherapy performed worse on

measures of Processing Speed compared with patients not exposed to

chemotherapy and healthy controls. This finding is consistent with

studies examining interactions of age and cognitive reserve and

changes in cognition associated with environmental exposures16 and

age-related neurocognitive disorders.15

The data also suggest that chemotherapy has an acute effect on

Verbal Ability, which resolved over time. This pattern is consistent

with the results of another longitudinal study that examined this

domain shortly after chemotherapy or radiation therapy36 and data

from an imaging study that demonstrated decreased gray matter den-

sity in bilateral frontal, temporal, and cerebellar regions at 1 month

after chemotherapy, with partial recovery over 1 year.37

Exploratory analyses of the impact of tamoxifen in the no-

chemotherapy group produced results consistent with data from the

cognitivesubstudyoftheTamoxifenExemestaneAdjuvantMultinational

(TEAM) trial that demonstrated a negative impact on cognitive perfor-

mance across various domains.4 This study was not powered to address

theeffectsofhormonal therapyspecifically,andwedidnothavesufficient

numbers of patients treated with chemotherapy but not tamoxifen to

make this comparison; therefore, this result must be interpreted with

caution. However, because the majority of patients in the chemotherapy

group were also treated with tamoxifen, our results may reflect the com-

binedeffectsofchemotherapyandtamoxifen.Giventhepatternofresults

of this study, future studies designed to specifically evaluate the cognitive

impact of endocrine therapies should examine interactions between en-

docrine therapy alone and cognitive reserve and age.
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Fig 1. Pre- to post-treatment change in

processing speed by treatment, age groups,

and level of cognitive reserve. (A) Wide

Range Achievement Test (WRAT-3) below

median; (B) WRAT-3 above median. High

and low pretreatment cognitive reserve

were defined by a median split on the

WRAT-3 reading score of less than 0.0 or of

greater than or equal to 0.0. The bar heights

represent the observed post-treatment av-

erages pooled across three assessment

time points. The error bars represent the

estimated standard errors of the averages
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Fig 2. Adjusted verbal ability scores (z-scale) by group across time. Tx,

treatment; M, months.

Table 4. Average MASQ Total Score by Group

Variable by Time Point

Control� Chemotherapy
No

Chemotherapy

Mean SD Mean SD Mean SD

Baseline 85.5 17.8 83.9 24.3 86.8 20.8

1 month after treatment 88.7 20.6 98.8 25.3 91.8 24.2

6 months after treatment 86.2 21.3 96.2 25.2 92.9 23.4

18 months after treatment 83.1 20.6 99.7 26.2 90.8 26.3

Abbreviations: MASQ, Multiple Ability Self-Report Questionnaire; SD, stan-
dard deviation.

�Sample size for the control group was 44 at baseline, and 43, 42 and 39 at
1, 6, and 18 months after treatment, respectively. For the chemotherapy
group, the sample sizes were 60, 55, 49 and 46, respectively. For the no
chemotherapy group, the sample sizes were 72, 68, 67 and 64, respectively.
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Examination of self-reported cognitive symptoms revealed that

the chemotherapy-exposed group as a whole reported more cognitive

symptoms compared with the other two groups, but no interactions

with age or cognitive reserve were seen. Clinically, many young, highly

educated women report persistent cognitive changes after chemother-

apy.1-3 A potential explanation is that younger women with higher

levels of cognitive reserve may perceive changes in cognitive capacity

but are able to maintain performance on neuropsychological tests by

recruiting alternate brain circuitry. Preliminary functional magnetic

resonance imaging and positron emission tomography studies sup-

port this hypothesis.38-40

The lack of significant findings for domains reported by others

(eg, working memory) may be related to the measures chosen or our

assessment approach. In an attempt to reduce patient burden, some

domains were based on data from one measure. We examined stan-

dard error over time for each domain and found that the Processing

Speed domain demonstrated the lowest amount of variance. Addi-

tionally, analyses of the individual tests that comprised the Processing

Speed domain revealed less robust results (analyses not shown). An

assessment strategy designed to optimize the sensitivity of measure-

ment by including multiple tests for each domain may have produced

significant results in other domains.

Strengths of this study include the longitudinal design, inclusion

of patients with breast cancer exposed to chemotherapy and those not

exposed to chemotherapy as well as healthy controls, and the use of

sophisticated modeling approaches that allowed us to examine impor-

tant main effects and interactions. However, there are limitations as

well. We chose to focus on interactions with age and cognitive reserve;

however, it is possible that models that included other factors/interac-

tions may have produced significant results in other domains. Addi-

tionally, Figure 1 is a useful representation of the interactions

identified in the model. However, the cut points used and the details of

the pattern of results require replication, because dividing each study

group into six subgroups produced relatively small sample sizes per

group. Finally, our sample consisted primarily of well-educated, white

women; therefore, the generalizability of these results to other popu-

lations with more diversity in terms of ethnicity and education/cogni-

tive reserve is limited.

The results of this study suggest that age and pretreatment cog-

nitive reserve are important predictors of post-treatment cognitive

functioning in the Processing Speed domain. Future studies examin-

ing potential factors associated with other domains of cognitive func-

tioning and independent and combined effects of chemotherapy and

endocrine therapy will be important.
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