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Abstract
Objective—Research has documented modest cognitive difficulties among women treated for
breast cancer. The present study was designed to evaluate the effects of these subtle cognitive
changes on quality of life after treatment.

Methods—Data are presented from women breast cancer patients who completed
neuropsychological tests and questionnaires regarding quality of life six and twelve months post-
chemotherapy (n's = 39 and 33). Neuropsychological test scores were examined for evidence of
cognitive difficulties at each time point; repeated measures ANOVAs were used to identify
changes over time. Regression analyses assessed relationships of quality of life outcomes with
cognitive functioning, social support seeking, and fatigue.

Results—Small percentages of participants (< 20% across tests) evidenced deficits in delayed
memory, processing speed, response inhibition, and verbal fluency at each time point. Reliable
change index analyses suggested statistically reliable improvements in each cognitive domain for a
modest portion of participants. Regressions revealed hesitation to seek social support and fatigue
as the most consistent predictors of quality of life at six and twelve months post-chemotherapy.
Cognitive complaints and verbal fluency difficulties were also significantly related to quality of
life at twelve months.

Conclusions—In addition to confirming the importance of fatigue and social support in quality
of life, these data offer preliminary indications that weaker verbal fluency skills and self-reported
cognitive complaints may be associated with poorer functional outcomes among cancer survivors.
Further research is needed to validate these potential relationships, which suggest that cognitive
difficulties among cancer survivors may warrant monitoring and possible intervention.
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Introduction
Research has documented statistically significant decrements in cognitive functioning
among cancer survivors after treatment; however, the potential clinical relevance of these
deficits has yet to be clarified. Sometimes referred to as “chemobrain” or “chemofog,” these
cognitive difficulties have largely been considered secondary to chemotherapy. Several
studies have shown neuropsychological difficulties in up to thirty-five percent of breast
cancer survivors [1] across a wide range of domains [for reviews see 2,3]. While research
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suggests that long-term survivors may experience a lessening of neuropsychological deficits
over time [4], ongoing relative deficits have been documented among women 2 years and 5
years post-treatment [5,6] and complaints of cognitive difficulties remain at 5−10 years after
initial diagnosis [7]. Particularly susceptible skills appear to include executive functioning
[8], attention/concentration [4,9,10,11], and memory [5,6,11,12]. Meta-analyses have
revealed small to medium effect sizes across each of these neuropsychological domains
[13,14], with the largest effects for executive functioning and verbal memory [15]. A recent
review of research in this area has noted growing evidence of frontal-subcortical effects of
cancer treatment [16]. Consistent with this are the findings of executive functioning deficits
in neuropsychological test performance, as well as neuroimaging findings of alterations in
frontal and subcortical structure [17,18] and function [19,20] following chemotherapy.

On the other hand, controversies exist regarding this growing body of literature on cognitive
difficulties following cancer treatment. First, some research has failed to document cognitive
deficits following treatment for non-neurologic cancers [21,22]. Second, some argue that
deficits are not specific to chemotherapy, in part based on evidence of cognitive
impairments among a subset of individuals prior to initiating cancer treatment [23,24].
Finally, it has been suggested that the significance of the difficulties that have been observed
may have been overstated [22], as a meta-analysis [14] documented effect sizes on cognitive
test scores in the small to moderate range (−0.03 to −0.51 SD below controls). In fact, a
review of raw and standardized neuropsychological test scores where available in these
studies reveals that, despite suggestion of cognitive decline, many cancer survivors studied
continue to function in the “average” (i.e., “normal”) range. Thus, in addition to uncertainty
regarding causal factors, the clinical relevance of possible cognitive decline among
survivors of non-neurological cancers remains undetermined.

Reflecting this, studies of the effects of neuropsychological difficulties on functional
outcomes among cancer survivors are few. Difficulties concentrating have been identified as
a significant stressor following cancer treatment [25]. Additionally, qualitative research has
revealed that women cancer survivors perceive they are experiencing cognitive difficulties
that affect their functioning at home and at work [26]. On the other hand, one longitudinal,
quantitative study [22] found no association between quality of life and neuropsychological
test performance either before chemotherapy or at two time points (6 and 18 months) post-
chemotherapy. However, the ability of this study to detect a relationship may have been
limited by the fact that participants had received low dose FEC (Fluorouracil, Epirubicin,
Cyclophosphamide), which the authors suggested may have contributed to their evidencing
minimal cognitive impairment.

Given uncertainty regarding the clinical significance of cognitive changes in cancer
survivors, the present study was designed to assess the potential relationships between
cognitive functioning and quality of life among breast cancer survivors post-chemotherapy.
The primary aim was to determine whether, in addition to the previously documented effects
of fatigue [27,28,29] and social support [30], there may be functional implications of
cognitive difficulties among cancer survivors. Specifically, it was hypothesized that, among
all cognitive domains typically assessed, executive functioning and memory deficits would
be most likely to negatively affect social role functioning and quality of life.

Method
Participants

Women with Stage I –III breast cancer were recruited through three cancer treatment
facilities in a mid-size Midwestern city. Exclusion criteria included: age younger than 18,
previous chemotherapy treatment, chronic psychiatric illness, known neurological condition,
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and non-native English speaking. Of the 46 women who were evaluated within one month
post-chemotherapy, 39 completed the six month follow-up and 33 remained for the one year
follow-up (28% total attrition).1

The average age of all participants was 53.38 years (SD = 9.61), with an average of 14.87
years (SD = 2.56) of education. Sixty-four percent were married. A majority of participants
were employed: 70.7% were employed 30 hours/week or more, and another 10.4% were
employed 10−30 hours/week. All participants self-identified as Caucasian. Almost one-half
of participants were diagnosed with Stage II breast cancer (47.4%), while 23.7% were
diagnosed with Stage I and 28.9% were diagnosed with Stage III. Participants received
adriamycin-cyclophosphamide with or without paclitaxel or taxotere or a variant of that
program; the average number of chemotherapy cycles across all stages was 5.77 (SD =
1.93).2 Seventy-seven percent of participants received radiation therapy, while less than
one-half received adjuvant hormone therapy (41%).

Predictor Variables
Demographic information—For each participant the following information was
obtained: age, marital status, race/ethnicity, cancer stage, number of chemotherapy cycles,
and types of treatment (e.g., chemotherapy, radiation, Tamoxifen).

Neuropsychological measures—Tests were used to evaluate skills in five
neuropsychological domains: Immediate Memory (IM), Delayed Memory (DM), Processing
Speed/Attention (PS), Response Inhibition (RI), and Verbal Fluency (VF). The selection of
tests was based on previous neuropsychological studies with cancer patients [6,9,12] and
includes those measures that have been identified as most sensitive to changes secondary to
treatment for cancer. Tests comprising each domain were grouped based on a priori theory
of neuropsychological domains [31], and the interrelatedness of grouped tests were
confirmed via correlational analyses. To reduce the influence of practice effects, alternate
forms were used where available (i.e., Rey AVLT, COWAT, Category Fluency). See Table
1 for information regarding specific tests in each neuropsychological domain.

Self-Reported Cognitive Difficulties—Because research suggests that self-reported
cognitive difficulties may be more strongly associated with depression than actual
neuropsychological impairment [9], a measure of cognitive complaints, the Confusion
subscale of the Profile of Mood States – Short Form (POMS-SF) [32], was included.

1One-way ANOVAs were conducted to determine whether individuals who dropped out of the study at each time point differed from
those who remained in terms of demographic factors, medical factors, distress, self-reported cognitive complaints, and
neuropsychological test performance.
Participants who withdrew from the study between the 1 month and the 6 month sessions did not differ in terms of demographic
factors [all F's < 1.15, p's > 0.29], BDI scores [F(1,41) = 0.65, n.s.], or POMS-SF Fatigue [F(1, 41) = 0.51, n.s.]. Individuals who
discontinued the study after the 1 month session were reporting slightly greater cognitive complaints (POMS-SF Confusion) at a level
approaching significance [F(1,41) = 3.66, p = 0.06]. There were generally no differences in self-reported quality of life [all F's < 2.60,
p's > 0.11], with the exception that individuals discontinuing the study after the 1 month session were reporting poorer Physical Well-
being at a level approaching significance [F(1,44) = 3.46, p = 0.07]. Finally, z-scores on the verbal fluency composite
neuropsychological measure were significantly lower [F(1,44) = 5.00, p < 0.05] among those who dropped out of the study after the 1
month session [M = −0.99 (0.80)] compared to those who returned for the 6 month session [M = −0.24 (0.81)]. There were no other
significant differences in neuropsychological test composite scores among those who dropped out of the study after completing the 1
month session.
Similar analyses were conducted to evaluate for differences between individuals who discontinued between the 6 month and 12 month
sessions. One-way ANOVAs revealed no significant differences in terms demographic factors, quality of life at 6 months, or
neuropsychological test scores at 6 months (all F's < 1.84, p's > 0.18) between those who discontinued after the 6 month session and
those who remained in the study for the 12 month session.
2There were no significant correlations between number of chemotherapy cycles and any of the predictor or outcome variables at any
of the three time points (Neuropsychological composite score variables: all r's < 0.22, p's > 0.20; Other predictor variables: all r's <
0.28, p's > 0.14; All outcome variables: all r's < 0.27, p's > 0.13).
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Fatigue—Prior research has documented that fatigue following cancer treatment adversely
affects survivors’ quality of life [27,28,29]. To evaluate fatigue in this sample, the Fatigue
subscale of the POMS-SF was utilized [32].

Social Support Seeking—The availability and use of a positive social support network
can have a substantial effect on functional outcomes among individuals with chronic
illnesses [30]. Thus, the Hesitation Scale [33] was included as a measure of individuals’
willingness to seek social support.

Outcome variables
Psychological functioning—Symptoms of depression were documented with the Beck
Depression Inventory-Second Edition (BDI-II) [34].

Social role functioning—Developed by Bettencourt and Sheldon [35,36], the Social
Role Functioning questionnaire was designed to assess individuals’ perceptions of their
competency in fulfilling various social roles (e.g., spouse, parent, employee).

Quality of life—Two measures were used to assess quality of life. A single-item question
(“In general, how satisfied are you with your overall quality of life?”) using a 5-point Likert
scale was included based on research suggesting that such a question is a sensitive indicator
to variability in quality of life experienced by cancer survivors [37]. Participants also
completed the Functional Assessment of Cancer Therapy-Breast (FACT-B) [38], which has
44 items across six subscales, four of which were the focus of the present study: Physical
Well-Being, Social/Family Well-Being, Emotional Well-Being, and Functional Well-Being.

Study Procedure
Potential participants for the study were identified by their health care providers at three
recruitment sites (an academic hospital, a private hospital, and a private oncology practice),
and informed written consent for study participation was obtained per institutional
guidelines. All participants were recruited prior to the completion of their last cycle of
chemotherapy. Within 1 month of finishing chemotherapy, participants completed the
battery of tests and questionnaires described above; results from this initial time point have
been reported elsewhere [39]. The same measures were completed at 6 months and at 12
months after completing chemotherapy; these data form the basis for findings presented
herein.

Results
Neuropsychological functioning

Individual test scores were converted to z-scores utilizing age-, education-, and gender-based
normative data. Frequency analyses were conducted with these z-scores to identify the
percent of individuals demonstrating subtle as well as more notable cognitive impairment on
individual tests at 6 and 12 months post-chemotherapy. Subtle cognitive impairment was
defined as more than 1 standard deviation (SD) below the normative data mean, while more
severe impairment was defined as 1.5 to 2+ SD below the mean [40]. Using these criteria,
analyses revealed that no participants demonstrated subtle or more severe cognitive
impairments in: WMS-III Logical Memory I, WMS-III Logical Memory II, or Rey AVLT
Trials 1−5 Total. A modest number of individuals were evidencing difficulties at 6 months
and at 12 months on each of the other tests administered. Figure 1 details the percentage of
individuals at 6 months and 12 months evidencing cognitive difficulties; each percentage
utilized the number of participants in the 6 month group (n = 39) as the denominator. As
anticipated, there was a decline in the percent of individuals evidencing difficulties on Rey
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Delay, Stroop Color Word, and Phonemic fluency measures from 6 months to 12 months
post-chemotherapy. However, unexpectedly, there was a slight increase in the percent of
individuals showing deficits on Trails A, Trails B, and Category fluency over this same time
period.

Subsequent analyses sought to document changes in cognitive functioning during the first
year following chemotherapy and to determine whether cognitive functioning at each time
point was related to concurrent hormone (i.e., Tamoxifen) therapy. For these analyses,
composite test scores for each neuropsychological domain were created by computing an
average of each person's z-scores for tests comprising each domain. Then, Tamoxifen use
was entered as a bi-level (yes/no) covariate in repeated measures ANOVAs assessing for
changes in neuropsychological test composite scores over time. Subsequent paired samples
t-tests were conducted to further clarify significant findings.

The results revealed that Tamoxifen use was not significant for any neuropsychological
domain (all F's < 2.78, p's > 0.11). Within-subjects effects revealed statistically significant
changes in test scores over time for Immediate Memory [F(2,62) = 13.35, p < 0.001],
Delayed Memory [F(2,62) = 9.60, p < 0.001], Response Inhibition [F(2,62) = 3.20, p <
0.05], and Verbal Fluency [F(2,62) = 7.18, p = 0.002]. Changes in Processing Speed over
time approached significance [F(2,62) = 2.99, p = 0.07].

As presented in Table 1, subsequent paired t-test analyses indicated statistically significant
increases in composite Immediate Memory (IM), Delayed Memory (DM), and Verbal
Fluency (VF) test scores for from 1 month to 6 months [IM: t = −3.33, p = 0.002; DM: t =
−3.20, p = 0.003; VF: t = −2.78, p = 0.008] and from 1 month to 12 months [IM: t = 5.24, p
< 0.001; DM: t = 3.79, p = 0.001; VF: t = 3.45, p = 0.002], as well as significant differences
from 1 month to 12 months in Response Inhibition (t = 2.43, p = 0.021). Only for Immediate
Memory did the difference between 6 month and 12 month data approach statistical
significance (t = −2.00, p = 0.06).

Although these findings were suggestive of statistically significant changes in group means
over time across some neuropsychological domains, further analyses to determine the
reliability of these changes were undertaken using the Reliable Change Index [41].
Reliability coefficients were obtained from existing literature for individual tests where
available. Utilizing a cutoff of RCI = 1.96 (reflecting statistical significance at the 0.05
level), none of the changes in group mean test scores met criteria for reliable change. See
Table 2. Subsequently, RCIs were computed for each participant's test scores to determine
whether reliable change in test scores was demonstrated by individual participants. Table 3
presents the percentage of individuals demonstrating reliable changes in test scores between
each of the three data collections sessions (at 1 month, 6 months and 12 months post-
chemotherapy).

Self-Reported Symptoms and Neuropsychological Functioning
Pearson correlation coefficients were computed to assess for relationships between
neuropsychological composite test scores and concurrent fatigue, depression, and self-
reported cognitive complaints at 6 months and 12 months post-chemotherapy. As data
collected at 1 month following chemotherapy has been presented elsewhere [39], these
correlations are presented for data from 6 and 12 months following chemotherapy. As
shown in Table 4, these concurrent symptoms did not appear related to Processing Speed or
Verbal Fluency at either 6 or 12 months. On the other hand, Immediate Memory scores were
inversely correlated with these self-reported symptoms at both 6 and 12 months post-
chemotherapy. Additionally, lower scores in Response Inhibition were associated with self-
reported fatigue, depression and cognitive difficulties at 6 months but not at 12 months.
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Predicting Functional Outcomes Post-Chemotherapy
Regression analyses were conducted to determine what aspects of concurrent functioning
predict depression, social role functioning, and quality of life at 6 and 12 months post-
chemotherapy. To meet assumptions of normality for multiple regression analyses, all
outcome variables were log transformed; subsequent Shapiro-Wilk tests of studentized
residuals indicated that the assumption of normality was satisfied for all outcome variables.
For each regression model, the following predictors from data collected concurrent to the
outcome measures were entered simultaneously: fatigue (POMS-SF Fatigue subscale), self-
reported neuropsychological complaints (POMS-SF Confusion subscale), willingness to
seek help (Hesitation Scale), and neuropsychological test performances (composite test
scores identified in Table 1). Results are presented by outcome domain for analyses of data
collected at 6 and 12 months post-chemotherapy.

Emotional functioning—The BDI was utilized to measure symptoms of depression
during the year following cancer treatment. The model for 6 month data was significant
(Adjusted R2 = 0.38; F[8, 26] = 3.57, p < .01). Examination of the individual betas showed
that increased depression was associated with greater hesitation to seek support (b = .41, t =
2.43, p = .02). However, at 12 months, heightened levels of depression were associated with
increased self-reported fatigue (Adjusted R2 = 0.66, F[8, 22] = 8.23, p = .004).

Social role functioning—Greater hesitation to seek social support was the sole
significant predictor of poorer social role functioning at 6 months post-chemotherapy
(Adjusted R2 = 0.49; F[8, 22] = 4.65, p = .002, b = .63, t = 3.79, p = .001). The model
predicting social role functioning approached significance at 12 months post-chemotherapy
(Adjusted R2 = 0.29; F[8, 18] = 2.30, p = .068), with greater hesitation to seek social support
again being associated with poorer social role functioning (b = .61; t = 2.67, p = .01).

Quality of life—A single question of overall satisfaction with life and the FACT-B were
utilized to measure quality of life in this study. Regarding the single question quality of life
measure, the regression model at 6 months post-chemotherapy was significant (Adjusted R2

= .47; F[8, 27] = 4.85, p = .001). A review of the betas revealed that greater reluctance to
seek social support was significantly associated with lower overall satisfaction (b = .59, t =
3.79, p = .001). At 12 months post-chemotherapy, the model was again significant (Adjusted
R2 = 0.44; F(8,21) = 3.81, p = .007), with a review of betas revealing an inverse relationship
between self-reported cognitive complaints and overall quality of life (b = .46, t = 1.82, p = .
08).

Regression analyses were conducted for each FACT-B subscale separately; only models
reaching significance are reported for each time point. At 6 months post-chemotherapy, the
model for Functional Well-Being was significant (Adjusted R2 = .24, F[8, 27] = 2.35, p = .
046). A review of the betas revealed that increased fatigue (b = .49, t = 2.27, p = .03) was
significantly associated with poorer functional well-being. The model for Physical Well-
Being at 6 months was also significant (Adjusted R2 = .65; F[8, 27] = 9.15, p < .001) ; a
review of betas revealed that better physical well-being was significantly associated with
lower self-reported fatigue (b = .83, t = 5.72, p < .001).

At 12 months post-chemotherapy, the model for Functional Well-Being was again
significant (Adjusted R2 = .49; F[8, 21] = 4.54, p = .003), suggesting a continued association
between poorer functional well-being and fatigue (b = .76, t = 3.40, p = .003). In addition, at
12 months, poorer functional well-being was associated with hesitation to seek social
support (b = .38, t = 2.13, p = .045) and verbal fluency difficulties (b = −.42, t = −2.14, p = .
04). Similar to the 6 months findings, the model for Physical Well-Being at 12 months post-
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chemotherapy achieved significance (Adjusted R2 = .41; F[8, 22] = 3.65, p = .008). In this
model, greater self-reported fatigue was associated with poorer overall physical well-being
(b = .58, t = 2.59, p = .017). Significant at 12 months only was the model for Emotional
Well-Being (Adjusted R2 = .43; F[8, 22] = 3.84, p = .006). In this model, better emotional
well-being was associated with decreased self-reported cognitive difficulties (b = .63, t =
2.71, p = .01). Finally, at 12 months post-chemotherapy, the model for Social Well-Being
approached significance (Adjusted R2 = .23, F(8,22) = 2.14, p = .075), reflecting a
significant relationship between hesitation to seek social support and poorer social well-
being (b = .64, t = 3.00, p = .007).

Discussion
Consistent with other research, in this sample cognitive abilities remained within normal
limits for a majority of breast cancer survivors in the year following treatment. A modest
percentage of participants did evidence lower than expected performance in
neuropsychological functioning, although a majority of these individuals were evidencing
subtle deficits (defined as z = −1.00 to −1.49, per Vardy and colleagues [40]). There was
some indication of improvements in neuropsychological test scores over the year following
treatment, as RCI analyses of individuals’ data revealed that a small portion of individuals
demonstrated statistically reliable improvements. This is commensurate with findings from
other research and highlights the importance of looking at individual test scores rather than
group means [16]. However, these findings are considered preliminary. While the RCI
analyses help account for measurement error, the absence of a control group in this research
precluded the use of RCI analyses that would take into account practice effects for this
sample. It is possible that the improvements in test scores reflect the effects of repeated
exposure to tests rather than clinical significant gains in cognitive functioning.

As previously noted, the intent of this project was to bring attention to the question of
whether subtle neuropsychological difficulties evidenced by breast cancer survivors were
clinically/functionally significant. To this end, analyses were conducted to determine
whether neuropsychological test performance was associated with concurrent self-reported
emotional functioning, social role functioning, and quality of life. In addition, recognizing
that cognitive difficulties do not occur in isolation, the potential contributions of fatigue,
self-reported cognitive complaints, and social support seeking were also considered
important in evaluating quality of life outcomes. The resulting regression models revealed
that, consistent with other research [30,42], social support was significantly related with
several aspects of quality of life and social role functioning at 6 months and 12 months post-
chemotherapy. Also consistent with other work [27,28,29] were findings that fatigue
continued to negatively affect physical well-being and functional well-being among breast
cancer survivors 6 and 12 months post-chemotherapy.

Of greatest relevance in terms of the aims of the present research were findings suggesting
that self-reported cognitive complaints and neuropsychological test performance may be
associated with some aspects of quality of life in the year following chemotherapy. Self-
reported cognitive complaints have been associated with emotional distress in other studies
[9], but this is one of the few studies that documents its potential relationship to a related
construct, quality of life. Specifically, these data indicated that self-reported cognitive
difficulties were associated with poorer emotional well-being among this sample of breast
cancer survivors at 12 months post-chemotherapy.

In addition, although only a small portion of study participants evidenced cognitive abilities
that were below expectations over the year following chemotherapy, regression analyses
indicated that ongoing difficulties with verbal fluency may be associated with poorer
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functional well-being 12 months post-chemotherapy. In considering these findings, it is
important to recognize that < 20% of study participants’ test scores were considered below
expectations (i.e., z < −1.00) on any given test at each time point, suggesting that the
frequency of cognitive difficulties was low. However, from a treatment perspective, it could
be argued that this finding may be noteworthy nonetheless. Specifically, if these findings are
replicated in future studies, it would suggest that providers may have an opportunity to
improve survivors’ outcomes by monitoring cognitive functioning over time and considering
treatment if indicated.

Despite some potentially thought-provoking findings, the present study has several
limitations that deserve mention. In terms of the study sample, although consistent with the
methodology of approximately one-half of published studies in this area that were recently
reviewed [16], the absence of a control group limits the extent to which these findings can
be identified as specific to the population of women cancer survivors status post
chemotherapy. In other words, factors unrelated to cancer and/or its treatments may be
contributing to subjective cognitive complaints as well as documented neuropsychological
test performance difficulties. On the other hand, from a purely pragmatic perspective, if
cognitive difficulties are leading to poorer quality of life in cancer survivors, it could be
argued that they warrant attention regardless of the etiology.

In addition, findings from the regression analyses would be considered more conclusive if
the relationships between neuropsychological tests scores and/or subjective cognitive
complaints were significantly associated with a greater percentage of our outcome measures.
This highlights the preliminary nature of these findings and the need for follow-up research
to determine whether these relationships are replicated with other samples. However, it is
also worth noting that our ability to detect cognitive decline and its relationship to functional
outcomes may have been hampered by the nature of our sample. First, because this
particular sample was relatively well educated, it is possible that their baseline cognitive
abilities were higher than average, which could obscure evidence of cognitive decline (i.e.,
modest cognitive decline could result in performances that remained within normal limits).
This issue may be minimized in future studies by including a pre-treatment baseline
assessment of cognitive abilities. In addition, analyses indicated that individuals who
dropped out after 1 month were evidencing significantly poorer verbal fluency (see
footnote), suggesting that we may not have retained individuals who were experiencing
greater difficulties after treatment.

The relatively small size of the sample, particularly by the 12 month time point, is another
limitation of the study. Substantial efforts were made to retain participants, but this was a
difficult task given the nature of patients served in the cancer centers in our community
(many come from rural populations far from the facilities where they are treated). Future
studies can endeavor to minimize the impact of this issue by reducing burden on participants
(e.g., by offering to travel to their homes for data collection). Related to this, a relatively
high number of variables were included in the analyses given the small sample size. Efforts
were made to lessen the risk of a Type II error by creating composite test scores for the
neuropsychological domains and minimizing the number of other predictor variables
included in each equation. Additionally, all variables were selected based on a priori
hypotheses derived from an understanding of prior research in this area.

An additional statistical concern that occurs with longitudinal studies involving
neuropsychological testing lies in our ability to account for practice effects on tests. Efforts
were made to minimize the risk of practice effects by utilizing alternate forms where
possible (e.g., Rey AVLT, COWAT, Category fluency), but practice effects likely played a
role in some of the improvements documented, particularly in WAIS-III scores. Future

Reid-Arndt et al. Page 8

Psychooncology. Author manuscript; available in PMC 2011 May 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



studies can address concerns regarding practice effects by: (1) minimizing their occurrence
through the use of alternate forms, and (2) including a control group that would allow for
RCI analyses that can statistically account for these effects.

Given these limitations, findings from this study are considered preliminary. However, when
considered in the context of other research documenting women's concerns that cognitive
difficulties following treatment are affecting their quality of life [26], they highlight the need
for further exploration of possible relationships between cognitive difficulties following
cancer treatment and functional outcomes. In addition, future research may focus on
understanding factors that contribute to the experience of neuropsychological test deficits
and self-reported cognitive complaints among cancer survivors. This important work of
identifying risk factors can lead to interventions offered before and/or during the course of
treatment that could potentially lessen the impact of cancer and/or its treatment on cognitive
functioning, thereby improving quality of life outcomes for cancer survivors.
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Figure 1.
Percent of Participantsa with Test-Specific Cognitive Impairmentb at 6 and 12 Months
a Percent of participants for 6 months and 12 months was computed using the number of
participants at 6 months (n = 39) as the denominator.
b Subtle cognitive impairment was defined as −1 to −1.5 SD, while more severe cognitive
impairment was defined as below −1.5 SD [40].
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Table 1

Neuropsychological Measures

Neuropsychological Domain Measures 1 Month Composite
z-scoresb

6 Month Composite
z-scoresb

12 Month
Composite z-scoresb

Immediate Memory
(r = 0.50, p = 0.001)a

WMS-III Logical Memory I [43]
Rey AVLT Trials 1−5 [44] 0.82(0.68) 1.12(0.71)c 1.30(0.77)c

Delayed Memory
(r = 0.46, p = 0.001)a

WMS-III Logical Memory II [43]
Rey AVLT Delayed Recall [44] 0.68(0.69) 0.95(0.72)c 1.09(0.72)c

Processing Speed
(r = 0.59, p < 0.001)a

Trail Making Test A [45]
Trail Making Test B [45] 0.11(1.29) 0.41(1.23) 0.35(1.14)

Response Inhibition Stroop Test [46] 0.07(0.86) 0.14(0.93) 0.27(0.91)c

Verbal Fluency
(r = 0.37, p = 0.01)a

COWAT [47]
Category Fluency [48] −0.23(0.81) 0.06(0.93)c 0.19(0.95)c

a
Pearson correlation between tests comprising cognitive domains at 1 month post-treatment. These correlations remained significant (all p's < 0.05)

at 6 and 12 months post-treatment.

b
Group means and standard deviations for composite scores at each time point for participants completing all 3 data collection sessions (n = 33).

c
Following significant repeated measures ANOVAs (all F's(1,31) > 3.19, p's < .05), subsequent paired t-test comparisons indicate significant

difference (p < 0.05) compared to 1 month cognitive domain composite score.

Psychooncology. Author manuscript; available in PMC 2011 May 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Reid-Arndt et al. Page 14

Ta
bl

e 
2

R
el

ia
bl

e 
C

ha
ng

e 
A

na
ly

se
s o

f G
ro

up
 M

ea
ns

N
eu

ro
ps

yc
ho

lo
gi

ca
l

D
om

ai
n

T
es

t
R

el
ia

bi
lit

y
C

oe
ffi

ci
en

ta
1 

m
on

th
(T

1)
b

6 
m

on
th

(T
2)

b
12

 m
on

th
(T

3)
b

T
1-

T
2

R
C

Ic
T

2-
T

3
R

C
Ic

T
1-

T
3

R
C

Ic

Im
m

ed
ia

te
 M

em
or

y
W

M
S 

Lo
g 

M
em

 I
.8

6
.6

8(
.8

1)
1.

24
(.7

9)
1.

48
(.7

5)
1.

06
0.

46
1.

52

D
el

ay
ed

 M
em

or
y

R
ey

 A
V

LT
 D

el
ay

.6
6

.4
1(

91
)

.3
0(

1.
01

)
.3

9(
.9

5)
0.

74
0.

11
0.

63

W
M

S 
Lo

g 
M

em
 II

.8
6

.8
9(

.7
7)

1.
53

(.6
6)

1.
75

(.6
9)

1.
23

0.
42

1.
65

Pr
oc

es
si

ng
 S

pe
ed

Tr
ai

ls
 A

.7
9

.2
5(

1.
04

)
.5

9(
1.

12
)

.5
3(

.9
3)

0.
52

0.
09

0.
37

Tr
ai

ls
 B

.7
9

−
.2
2(
1.
81
)

.2
4(

1.
47

)
.1

8(
1.

53
)

1.
00

0.
13

0.
87

R
es

po
ns

e 
In

hi
bi

tio
n

St
ro

op
 C

ol
or

-W
or

d
.7

3
−
.0
7(
.8
8)

.0
6(

.9
1)

.2
7(

.9
1)

0.
18

0.
28

0.
46

V
er

ba
l F

lu
en

cy
C

O
W

A
T

.8
3

−
.4
0(
1.
09
)

−
.0
2(
1.
08
)

.0
5(

1.
07

)
0.

67
0.

12
0.

79

C
at

eg
or

y 
Fl

ue
nc

y
.5

6
−
.3
1(
.9
6)

.1
1(

1.
05

)
.3

4(
1.

14
)

0.
45

0.
25

0.
70

a A
ll 

re
lia

bi
lit

y 
co

ef
fic

ie
nt

s w
er

e 
ob

ta
in

ed
 fr

om
 S

pr
ee

n,
 S

he
rm

an
 &

 S
tra

us
s [

48
], 

ex
ce

pt
 th

os
e 

fo
r W

M
S-

II
I L

og
ic

al
 M

em
or

y,
 fo

r w
hi

ch
 W

M
S-

II
I A

ud
ito

ry
 M

em
or

y 
re

lia
bi

lit
y 

co
ef

fic
ie

nt
 fr

om
 L

in
ew

ea
ve

r a
nd

 C
he

lu
ne

 [4
9]

 w
as

 u
se

d.

b G
ro

up
 m

ea
n 

an
d 

st
an

da
rd

 d
ev

ia
tio

n 
z-

sc
or

es
.

c R
C

I c
om

pa
rin

g 
2 

id
en

tif
ie

d 
tim

e 
po

in
ts

, u
si

ng
 c

al
cu

la
tio

n 
fr

om
 Ja

co
bs

on
 a

nd
 T

ra
ux

 [4
1]

.

Psychooncology. Author manuscript; available in PMC 2011 May 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Reid-Arndt et al. Page 15

Table 3

Percent of Individuals Evidencing Reliable Changea between Sessions

Neuropsychological Domain Test 1 mo – 6 mob 6 mo – 12 moc 1 mo – 12 moc

Immediate Memory WMS Log Mem I 17.9% 6.1% 33.3%

Delayed Memory Rey AVLT Delay 2.6% 12.5% 6.3%

WMS Log Mem II 15.4% 3.0% 33.3%

Processing Speed Trails A 7.7% 3.0% 9.1%

Trails B 17.9% 15.2% 24.2%

Response Inhibition Stroop Color-Word 2.6% 3.0% 3.0%

Verbal Fluency COWAT 7.7% 0% 9.1%

Category Fluency 7.7% 0% 15.6%

a
All changes reflect findings from RCI analyses [41] of improved test scores from the prior session.

b
Sample size limited by number of participants at 6 months (n=39).

c
Sample size limited by number of participants at 12 months (n=33).
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Table 4

Correlations between Neuropsychological Test Composites and Other Concurrent Symptoms

POMS Fatigue POMS Confusion BDI

Immediate Memory 6 month −.14 −.36** −.38**

12 month −.39** −.36** −.50***

Delayed Memory 6 month −.04 −.16 −.28

12 month −.34* −.14 −.22

Processing Speed 6 month .02 −.10 −.05

12 month −.05 −.06 −.02

Response Inhibition 6 month −.49*** −.36** −.47***

12 month −.28 −.26 −.12

Verbal Fluency 6 month −.04 −.12 −.07

12 month −.13 −.03 −.16

***
Correlation is significant at the 0.01 level (2-tailed).

**
Correlation is significant at the 0.05 level (2-tailed).

*
Correlation approached significance (p = 0.055).
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