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Background Cognitive complaints are reported frequently after breast cancer treatments. Their association with neuropsycho-

logical (NP) test performance is not well-established.

Methods Early-stage, posttreatment breast cancer patients were enrolled in a prospective, longitudinal, cohort study prior
to starting endocrine therapy. Evaluation included an NP test battery and self-report questionnaires assessing
symptoms, including cognitive complaints. Multivariable regression models assessed associations among cogni-

tive complaints, mood, treatment exposures, and NP test performance.

Results One hundred eighty-nine breast cancer patients, aged 21-65 years, completed the evaluation; 23.3% endorsed
higher memory complaints and 19.0% reported higher executive function complaints (>1 SD above the mean
for healthy control sample). Regression modeling demonstrated a statistically significant association of higher
memory complaints with combined chemotherapy and radiation treatments (P = .01), poorer NP verbal memory
performance (P =.02), and higher depressive symptoms (P < .001), controlling for age and 1Q. For executive func-
tioning complaints, multivariable modeling controlling for age, IQ, and other confounds demonstrated statistically
significant associations with better NP visual memory performance (P = .03) and higher depressive symptoms

(P<.001), whereas combined chemotherapy and radiation treatment (P = .05) approached statistical significance.

Conclusions About one in five post-adjuvant treatment breast cancer patients had elevated memory and/or executive function
complaints that were statistically significantly associated with domain-specific NP test performances and depres-
sive symptoms; combined chemotherapy and radiation treatment was also statistically significantly associated
with memory complaints. These results and other emerging studies suggest that subjective cognitive complaints
in part reflect objective NP performance, although their etiology and biology appear to be multifactorial, motivat-

ing further transdisciplinary research.
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Cognitive impairment is a feared complication of cancer treatment  postchemotherapy) of NP testing and magnetic resonance imaging

(1-4) and has been extensively studied in breast cancer patients
(5-16). Subjective cognitive complaints have been a driving force
behind research in this area since the late 1990s (17). A recent meta-
analysis conducted by Jim et al. (18) concluded that in the post-
treatment period with standard dose chemotherapy, statistically
significant small deficits in neuropsychological (NP) domains of
verbal and visuospatial ability could be detected. In most early stud-
ies, subjective complaints were more often associated with symptoms
of depression and anxiety (5,9,14), calling into question whether
patient-reported complaints reflected neurophysiological changes.
Brain imaging studies have begun to provide more information
about the biology of cognitive function after cancer treatment
exposures. A recent prospective, controlled study (pre- and
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(MRI) found changes in gray matter associated with chemotherapy
treatment, suggesting a physiological cognitive
disturbance (19,20). Two additional imaging studies demonstrated
that chemotherapy-exposed breast cancer patients reported

basis for

cognitive complaints (memory and executive function) that aligned
with relevant NP test domains, as well as with associated anatomic
brain regions (21,22). These emerging data suggest that cognitive
complaints may reflect underlying changes in cerebral functioning.
The lack of association between NP test performance and
subjective cognitive complaints in prior studies with breast cancer
patients (23) could reflect the lack of specificity and sensitivity of
the self-report tools, or could be due to reliance on global measures
rather than domain-specific assessments.
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To this end, we examined the relationship between subjective
cognitive complaints and NP functioning in the setting of the
University of California, Los Angeles (UCLA) Mind Body Study
(MBS), a large prospective cohort study of recently diagnosed,
early-stage breast cancer patients enrolled after completion of
adjuvant therapy and prior to initiation of endocrine therapy (24).
A principal goal of the MBS was to assess prospectively the impact
of endocrine therapy on subsequent cognitive functioning, while
accounting for prior hormone exposures and treatment-associated
changes in menstrual status. Cognitive complaints are at their peak
in the immediate post-adjuvant treatment period (25), and the
MBS baseline assessment provided a rich source of data to exam-
ine potential contributing factors. We hypothesized that domain-
specific cognitive complaints could be identified in this setting, and
that they would be associated with relevant NP domains, as well as
with chemotherapy treatment exposure and change in menstrual
status.

Patients and Methods

Study Participants, Recruitment, and Design

Eligible women were aged 21-65 years; were newly diagnosed with
stage 0, I, II, or IITA breast cancer; had completed primary breast
cancer treatments within the past 3 months; had not yet started
endocrine therapy; were available for 12-month follow-up; and
were English language proficient. Exclusions/ineligibility included
current or past disorder/disease of the central nervous system or
medical condition impacting cognitive functioning; head trauma
history with prolonged loss of consciousness; epilepsy, dementia, or
learning disability; current or past psychotic-spectrum disorder or
current major affective disorder; current substance abuse/depend-
ence; daily tobacco and alcohol use; whole brain irradiation or
surgery; prior cancer diagnosis or chemotherapy treatment; active
autoimmune disorder; insulin-dependent diabetes; uncontrolled
allergic condition or asthma; chronic use of oral steroid medica-
tion; and hormone therapy (estrogen, progestin compounds) other
than vaginal estrogen. Exclusions related to hormones and inflam-
matory conditions were required due to other MBS aims focused
on the biology of cognitive dysfunction (24).

Study recruitment occurred primarily through rapid case
ascertainment of stage-eligible patients identified through the
Los Angeles County Surveillance Epidemiology and End Results
(SEER) registry from selected collaborating physicians and hos-
pitals. Prior publications include details of subject identification,
screening, recruitment, and enrollment (24,26). Figure 1 shows the
overall study design. Preliminary MBS data describing some base-
line symptoms and inflammatory markers are reported elsewhere
(26), and preliminary longitudinal data related to inflammatory
markers, subjective complaints, and brain imaging are described
in another recent report (24). The research was approved by the
UCLA Institutional Review Board, and all participants provided
written informed consent.

Demographics, Clinical Information, and Symptoms

Information was obtained from self-report and medical record
abstraction. The Beck Depression Inventory-II (BDI-II) was used
to assess depressive symptoms during the preceding two weeks
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(27), with higher scores indicating more severe symptoms. We also
calculated two subscales of the BDI-II with 14 items representing
the cognitive/affective component (eg, sadness, pessimism, guilt,
loss of pleasure) and seven items focused on the somatic aspects of
depression (eg, loss of energy, changes in sleep or appetite, loss of
interest in sex).

Cognitive complaints were assessed with the Patient’s Assessment
of Own Functioning Inventory (PAOFI) (28), a self-report instru-
ment with prior evidence for correlation with NP test changes in
cancer patient samples (23,29,30). The PAOFI contains 33 ques-
tions and is divided into four subscales: memory (10 questions),
higher-level cognition (HLC) measuring executive function (nine
questions), language and communication (nine questions), and
motor-sensory perception (five questions). Each PAOFI complaint
item was rated on a 6-point Likert scale from 1 (“almost always”)
to 6 (“almost never”). We scored the PAOFI by assigning a score

”

of 1 to each item rated as “almost always,” “very often,” and “fairly

often,” whereas items rated “once in awhile,” ¢

very infrequently,” or
“almost never” were assigned a score of 0 (28). Thus, the total score
for the PAOFT ranges from 0 to 33, and each subscale from 0 to the
total number of items in the subscale (ie, the memory subscale ranges
from 0 to 10 and the HLC subscale ranges from 0 to 9). As norma-
tive data for the PAOFT were lacking, in this report we include com-
parative data from a healthy control population of women without
breast cancer obtained from a concurrent study at the University of
California, San Diego (UCSD) (31). In that study, healthy volunteers
were recruited to match a prospective, longitudinal study of cogni-
tive function in women receiving breast cancer adjuvant chemother-
apy (S. Ancoli-Israel, NCI R01 CA112035). Demographic data, body
mass index (BMI), depression and PAOFI scores were available from
the 63 healthy women enrolled in the UCSD study.

Fatigue was assessed using the Multidimensional Fatigue
Symptom Inventory—Short Form (MFSI-SF), a 30-item question-
naire that includes five subscales: general, physical, emotional,
mental fatigue, and vigor (32).

Neuropsychological Assessments

NP testing was conducted by a trained technician, closely supervised
by a licensed clinical neuropsychologist using procedures detailed
in an earlier report (24). The 120-minute test battery is described in
detail in Supplementary Table 1. NP test scores were standardized
to z scores, with positive scores indicating outcomes better than
age-corrected normative performance scores with a mean of 0 and
standard deviation of 1, and negative scores reflecting lower than
normative performance (see Supplementary Table 1). These scores
were then used to create NP test domains based upon prior factor-
analytic studies of larger NP data sets, as well as groupings used
in other studies with this population (33). We identified a priori
variables most salient for the cognitive domain being studied.
An estimate of full-scale 1Q, the Wechsler Test of Adult Reading
(WTAR), was administered only at baseline.

Statistical Analyses

PAOFI total and subscale scores from the MBS sample were com-
pared to data from the UCSD healthy female controls, using ’
or t tests as appropriate, permitting definition of a normal range
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Figure 1. Overview of the UCLA Mind Body Study, a prospective longitudinal cohort study designed to examine the impact of endocrine therapy for
breast cancer on cognitive functioning. DX = breast cancer diagnosis; NP = neuropsychological; PET = positron emission tomography; rx = treatment.

for each PAOFT subscale for comparison with the MBS sample.
Only two PAOFTI subscales (memory and HLC) showed statisti-
cally significant differences; these were examined in subsequent
evaluations. Bivariate tables were constructed to identify demo-
graphic and treatment characteristics to include as predictors, as
well as NP domains, adjusted for age and IQ, to include in multi-
variable models. MBS patients with PAOFT subscale scores >1 SD
above the mean for the healthy controls (high complaints) were
compared with patients whose scores were <1 SD above the mean
(within-normal-limits levels of complaints) using y? or 7 tests. The
PAOFI scores were log transformed [log(x+1)] due to nonnormal-
ity, in the multivariable linear regression analyses. Multivariable
models included age and IQ, as well as statistically significant vari-
ables (P < .10) identified in the bivariate analyses. Final models
were run with and without BDI-II scores to control for depressive
symptoms, excluding the BDI-II item that asked about concentra-
tion from the total score. Additional multivariable models were run
with the BDI-II somatic and cognitive/affective subscales instead
of the BDI-II composite score. Finally, a stepwise linear regression
was also performed to assess whether there was any redundancy in
predictors selected for other reasons and to summarize the relative
contribution of each factor to the overall model variance. For these
regressions, the BDI-II somatic and cognitive/affective subscales
were entered separately to discern any differential associations. All
statistical tests were two-sided and all analyses were conducted in

SAS 9.3 (Cary, NC).

Results

Recruitment Results and Patient Characteristics

Recruitment began in May 2007 and ended in February 2011. More
than 3000 patients identified from the SEER registry were sent invi-
tation letters; we also received referral of 83 patients, independent of
the registry recruitment. Details of recruitment results are shown in
Figure 2. The most common reasons for ineligibility were initiation
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of endocrine therapy/beyond enrollment window (53.1%), demo-
graphic/medical exclusions (17.9%), and autoimmune and behav-
ioral confounders (eg, alcohol/tobacco use) (15.2%). Two hundred
forty patients were eligible after screening and 214 were scheduled
for a baseline visit; however, only 189 completed the baseline visit
with evaluable data. Nonparticipating eligible patients did not dif-
fer from MBS participants in age, marital status, education, type of
surgery, chemotherapy status, radiation status, or anticipated endo-
crine therapy use (all P > .05); however, they were more likely to be
nonwhite than enrollees (36.2% vs 19.5%, P = .01).

On average, study participants were almost 52 years old and
enrolled 6.6 months after their breast cancer diagnosis, with
completion of primary treatment about 1 month earlier (Table 1).
Most were white, married, college educated, and postmenopausal
prior to their breast cancer diagnosis. Two-thirds received breast-
conserving surgery; more than half had received chemotherapy;
and three-quarters had received radiation therapy. Past hormone
therapy exposure and menstrual status are also reported. The
BDI-II mean score for the sample was 8.8 (95% CI = 7.9 to 9.8;
data not shown), well below the cut point for clinical depression
of >19, suggesting that eligibility screening had been effective in
excluding clinically depressed individuals. A total of 68.3% were
planning to receive endocrine therapy (not started at time of this
visit; data not shown).

Cognitive Complaints at the End of Primary Treatment

PAOFT scores for the MBS sample were compared to the healthy
female controls in the UCSD sample. There were no statistically
significant differences in age, ethnicity, marital status, BMI, or
depressive symptoms between the two groups, but the MBS
sample had statistically significantly higher education and income
(Supplementary Table 2). For the PAOFT total and subscale scores,
the MBS sample had statistically significantly higher total (P =.004),
memory (P=.003),and HLC (P=.01) scores, indicating more severe
complaints (Supplementary Table 3). There were no statistically
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Figure 2. CONSORT flow chart of recruitment and screening for the study.

significant differences in the remaining PAOFT subscales (language
and communication; motor-sensory perception). Thus, subsequent
analyses focused on the PAOFI memory and HLC scales.

We classified MBS patients as having higher or normal range/no
complaints on the PAOFI memory and HLC subscales to evaluate
bivariate relationships between cognitive complaints and potential
demographic and clinical variables (see Table 1). Using this clas-
sification, 23.3% of patients endorsed higher memory complaints
and 19.0% reported higher HLC complaints. Women with higher
memory complaints were more likely to have received both chemo-
therapy and radiation than women with normal complaints (59.1%
vs 35.2%, P = .004), as were women with higher HLC complaints
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(58.3% vs 36.6%, P = .02). There was no statistically significant
relationship between higher memory complaints and treatment-
induced amenorrhea or menopausal status. Few differences were
seen for women with higher HLC complaints with the exception
of a history of past hormone therapy (HT) use (51.4% vs 24.0%,
P=.001).

The relationship between cognitive complaints and fatigue was
examined by performing correlations with the MFSI-SF subscale
scores for mental and physical fatigue (data not shown). The mental
subscale score was statistically significantly correlated with PAOFI
memory (7= 0.605, P < .001), and with the PAOFI HLC (r= 0.473,
P <.001); no statistically significant correlations were found for the
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High n
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High n

Table 2. Mean neuropsychological test scores by Patient’s Assessment of Own Functioning Inventory (PAOFI) memory and higher-level cognition (HLC) complaint status comparing
Total N = 189

high and normal groups*
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speed
Executive function

Motor speed

.003
12

0.418 (0.310 to 0.525)
-0.188 (-0.345 to -0.031)

0.025 (-0.202 to 0.253)
—-0.486 (-0.818 to -0.154)

77

A3

0.337 (0.225 to 0.449)
—-0.195 (-0.355 to -0.036)

0.302 (0.099 to 0.506)

—0.449 (-0.738 to -0.160)

0.323 (0.231 to 0.427)
—-0.256 (-0.396 to -0.116)

higherlevel cognition.

* High complaints have a PAOFI memory or HLC score >1 SD above the mean for a healthy controls comparison group (2.04 and 0.37, respectively). Cl = confidence interval; HLC

1t Scores were calculated by comparing subjects’ scores against age-corrected normative scores with a mean of 0 and standard deviation of 1, with positive (ie, >0) scores representing higher/better performance.

+ Groups were compared by t tests of the least squares means from general linearized models, adjusted for age and 1Q for memory complaints, and age, 1Q, and hormone therapy use for HLC; all tests were two-sided.

affective subscale was statistically significant for both PAOFI mem-
ory and HLC (P = .01 and P < .001, respectively), and the BDI-II
somatic subscale was statistically significant for memory (P = .01)
but not for HL.C (P = 0.17).

To further refine our understanding of the contribution of each
variable to these self-reported cognitive complaints, and in particu-
lar to assess whether any predictors were potentially redundant,
stepwise linear regression models were examined (Supplementary
Tables 4 and 5). For PAOFI memory complaints, we found that
the NP verbal memory domain contributed 0.03 to the model’s
variance (10% of the total variance) and the BDI-II somatic sub-
scale contributed 0.13, explaining about 43% of the total variance
with the cognitive/affective subscale contributing 0.03 or 7% of the
total variance. For the PAOFI HL.C model, the three NP domains
together contributed 0.07 to the model (about 21% of the total
variance) and the BDI-IT somatic subscale contributed 0.08 to the
model, (about 24% of the total variance), whereas the BDI-II cog-
nitive/affective subscale contributed 0.06 to the model (16% of the
variance).

Exploration of the Relationship Between Higher-Level
Cognition Complaints and NP Visual Memory

Women who have used long-term postmenopausal HT have been
reported to have better visual memory on NP testing and doing a
visual memory task during brain imaging (34,35). In the MBS sam-
ple, past HT was associated with higher HLC complaints. Thus,
we hypothesized that the finding of better visual memory in these
women could be a result of the prior HT exposure, with higher
executive function complaints at the end of treatment representing
a perceived decline in NP visual memory as a result of discontinua-
tion of HT at the time of breast cancer diagnosis, or an interaction
with chemotherapy and radiation exposure. To test this hypothesis,
we examined the trajectory of subsequent NP visual memory per-
formance in the following year among the women with higher and
normal HLC complaints. There were 34 high-HLC-complaint
women and 140 normal-HLC-complaint women who were tested
12 months later, with about 70% of each group receiving adjuvant
endocrine therapy in the following year (no statistically signifi-
cant difference in use). For the high-HLC-complaint group, the
unadjusted baseline mean NP visual memory domain score was
0.185 (95% CI =0.059 to 0.428) and 12 months later it was —0.324
(95% CI = -0.600 to —0.048), for a mean within-subjects change
of =0.509 (95% CI =-0.796 to —0.222, P = .001). For the normal-
HLC-complaint group, the unadjusted mean NP visual memory
domain score at baseline was —0.077 (95% CI = -0.217 to 0.063)
and 12 months later was —0.063 (95% CI = -0.214 to 0.089), for a
mean within-subjects change of =0.006 (95% CI =-0.177 to 0.164,
P=.94).

Discussion

Cognitive complaints are common after breast cancer treatments,
but prior research had not identified consistent association with NP
test abnormalities (23). In this study, we investigated clinical and
treatment factors likely to be associated with post-adjuvant treat-
ment cognitive complaints. We identified two specific domains of
cognitive complaints (memory and executive functioning) for exam-
ination based on comparison with data from a normative reference
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Table 3. Linear regression models predicting Patient’s Assessment of Own Functioning Inventory (PAOFI) memory (n = 188)*

Base model adjusted R?=0.15

Base model with BDI-Il adjusted R? = 0.30

Variable Estimate (95% Cl) Pt Estimate (95% Cl) Pt
Age -0.005 (-0.017 to 0.007) 445 —0.002 (-0.013 to 0.009) 739
1Q 0.00004 (-0.011 to 0.011) .994 0.001 (-0.009 to 0.011) .833
Treatment

Radiation -0.003 (-0.304 to 0.297) .983 0.017 (-0.257 to 0.290) .903

Chemotherapy 0.279 (-0.113 t0 0.671) 162 0.090 (-0.272 to 0.452) .624

Chemotherapy & radiation 0.466 (0.174 to 0.758) .002 0.374 (0.107 to 0.641) .006
Verbal memory$§ -0.213 (-0.376 t0 -0.051) .010 —-0.174 (-0.322 to -0.025) .022
BDI-I1| — — 0.045 (0.030 to 0.059) <.001
* PAOFI memory score transformed with log(x+1). BDI-Il = Beck Depression Inventory-Il; Cl = confidence interval.

T Estimates were tested for H,: estimate = 0 with a t statistic, controlling for all other variables in the regression model; all tests were two-sided.

8 Scores were calculated by comparing participants’ scores against age-corrected normative scores with a mean of 0 and SD of 1, with positive (ie, > 0) scores

representing higher/better performance.

|| BDI-Il'is calculated without the item pertaining to concentration.

Table 4. Linear regression models Predicting Patient’s Assessment of Own Functioning Inventory (PAOFI) higher-level cognition (HLC)

(n=182)*
Base model adjusted R? = 0.21 Base model plus BDI-Il adjusted R? = 0.34

Variable Estimate (95% Cl) Pt Estimate (95% Cl) Pt
Age 0.002 (-0.008 to 0.013) .691 0.007 (-0.003 to 0.017) 145
IQ —-0.003 (-0.012 to 0.007) .582 -0.002 (-0.010 to 0.006) .659
Treatment

Radiation 0.030 (-0.204 to 0.265) 799 0.064 (-0.151 t0 0.278) .558

Chemotherapy 0.282 (-0.019 to 0.584) .066 0.151 (-0.128 t0 0.429) .286

Chemotherapy & radiation 0.258 (0.029 to 0.486) .027 0.208 (-0.001 to 0.417) .051
Hormone therapy 0.234 (0.047 to 0.421) .015 0.150 (-0.023 to0 0.323) .089
Visual memory$ 0.135 (0.037 t0 0.233) .007 0.101 (0.011 to0 0.191) .029
Psychomotor speed$ —0.080 (-0.236 t0 0.077) 315 —0.037 (-0.181 to 0.106) 611
Executive function8 —0.126 (-0.271 to 0.019) .088 —0.120 (-0.252 t0 0.012) .074
BDI-|| — — 0.035 (0.023 to 0.046) <.001
* PAOFI HLC score transformed with log(x+1). BDI-Il = Beck Depression Inventory-Il; Cl = confidence interval.

1 Estimates were tested for H,: estimate=0 with a t statistic, controlling for all other variables in the regression model; all tests were two-sided.

8 Scores were calculated by comparing participants’ scores against age-corrected normative scores with a mean of 0 and SD of 1, with positive (ie, > 0) scores

representing higher/better performance.
|| BDIH-Ilis calculated without the item pertaining to concentration.

sample, and hypothesized that more precise evaluation of subjec-
tive complaints would facilitate identification of an association with
domain-specific NP test abnormalities. Contrary to prediction,
recent onset of amenorrhea was not associated with higher cogni-
tive complaints in either domain, but past HT exposure was statisti-
cally significantly associated with executive function complaints. In
multivariable models, poorer NP verbal memory performance was
statistically significantly associated with higher memory complaints,
whereas NP executive function was not statistically significantly
associated with higher executive function complaints. Higher mem-
ory complaints were statistically significantly associated with the
combination of chemotherapy and radiation treatment (not chemo-
therapy alone). Depressive symptoms as measured by the BDI-II
were statistically significant in both the memory and executive com-
plaint models; however, it should be noted that this was not a clini-
cally depressed sample, and that the somatic subscale of the BDI-II
(eg, sleep disturbance, loss of interest in sex, fatigue)—constitutional
symptoms that are common after adjuvant therapy (36)—was only
statistically significant in the memory complaint model.

798 Articles | JNCI

Interestingly, higher executive function complaints were asso-
ciated with past postmenopausal HT in the base model, but not
when controlling for depressive symptoms. In the absence of
precancer treatment NP evaluation of these women, we cannot
fully evaluate the temporal relationship between these past expo-
sures and the NP evaluation that was done after cancer treatment
was concluded. However, a post hoc examination of the trajec-
tory of subsequent NP visual memory scores over the course of
the follow-up year comparing the high HLC complaint group to
the normal HLC complaint group showed a statistically signifi-
cant decline in NP visual memory scores among high complainers.
Thus, it is possible that women with higher executive function
complaints post-adjuvant treatment may be perceiving a changing
performance with regard to visual memory, which plays a key role
in learning, memory, and executive function. There is an execu-
tive function component to visual memory tasks such as the ones
used in this study, and it may be that those who are particularly
strong on such tasks are more sensitive to disruption or change in
efficiency.
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Our finding of statistically significantly better NP visual memory
performance among women with executive function complaints is
a novel finding, although a recent functional MRI study in women
who had received long-term HT found enhanced activation during
a visual working memory task (34,37). In addition, recent studies
of women transitioning through natural menopause suggest that
there may be a window of opportunity in which early initiation
of HT may protect against elements of cognitive decline (38-41).
One large cohort study of older French women examined lifetime
estrogen exposure, reproductive factors, and cognitive function
longitudinally and found that women on current HT performed
statistically significantly better on a task of visual memory (35).
Given that visual memory activity is localized to the nondominant
hippocampus, a region of the brain known to be rich in hormone
receptors, our finding of this association may have some biological
significance; however, our cross-sectional findings of an association
with executive function complaints may also be a chance finding
without clinical significance.

Recent studies have now found that subjective cognitive com-
plaints in midlife women going through the menopausal transition
are associated with objective NP test abnormalities, as well as men-
opausal and depressive symptoms (42,43). Of note, both of these
studies used self-report scales that focused on everyday function and
behaviors that require attention and memory. A brain imaging study
of healthy postmenopausal midlife women used functional MRI and
a working-memory task to examine brain activity among women
with increased cognitive complaints compared to women who did
not endorse cognitive complaints on a screening questionnaire
(44). Although no statistically significant differences were found
between the two groups on an extensive NP test battery or other
variables, those with increased cognitive complaints showed greater
activation in a broad network involved in working memory during
an increasingly difficult memory task, compared to noncomplain-
ers. The authors concluded that subjective cognitive complaints in
postmenopausal women might be associated with increased cortical
activity during the effort of demanding cognitive tasks (44).

There has been much interest in developing a better under-
standing of the biological mechanisms associated with objective
and subjective changes in cognitive function after a cancer diagnosis
and treatment (45-47). We have previously reported an association
between memory complaints, an increase in the soluble tumor necro-
sis alpha (TNF-a) receptor II, and changes in brain metabolism on
positron emission tomographic imaging, in an earlier longitudinal
report from the MBS study that was focused on chemotherapy expo-
sure (24). Kesler et al. (48) have found a statistically significant asso-
ciation between increased cognitive complaints, increased plasma
cytokines (including TNF-a), decreased hippocampal volume, and
verbal memory performance in long-term breast cancer survivors
compared to controls. These two studies (24,48) provide support for
an underlying proinflammatory biological mechanism for the rela-
tionship between breast cancer treatments and subjective cognitive
complaints, as proposed by Miller et al. (49), and would be consistent
with the biology of persistent fatigue in breast cancer patients (50).
Our finding that cognitive complaints were most strongly associated
with the combination of chemotherapy and radiation suggests their
potential synergy in increasing posttreatment inflammation that may
be an etiology for subjective cognitive complaints.

jnci.oxfordjournals.org

The strengths of this study include its large sample size, thor-
ough evaluation of cognitive complaints with use of a domain-
specific approach to examining associations with a comprehensive
NP test battery, and careful evaluation of potential treatment expo-
sures, including changes in menstrual status and past HT expo-
sure. Limitations include the exclusion of older women (>65 years),
women with chronic inflammatory conditions, and those with
active clinical depression, which were ineligibility criteria required
to reduce confounding for other study endpoints focused on
inflammatory biology and posttreatment symptoms (24,26). These
analyses are also limited by their cross-sectional nature, with the
exception of our exploration of subsequent changes in visual mem-
ory NP testing among women with and without higher executive
function complaints.

Despite skepticism regarding the validity of cognitive com-
plaints and their relationship to NP test performance in cancer
patients (23), this study suggests that patient self-report is associ-
ated with relevant domains of NP function, which is strongest for
memory complaints. There is an emerging literature supporting
the ability of individuals to subjectively detect changes in cognitive
function that precedes statistically significant changes in NP per-
formance or structural imaging abnormalities (51). Our findings
add further support for the value of patient-reported outcomes as
a central measurement in evaluation of cancer treatment-related
morbidities (52). We encourage continued research on the biopsy-
chosocial factors associated with subjective cognitive complaints in
cancer survivors.
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