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Abstract
Difficulties with thinking and problem solving are very common among breast cancer survivors.
We tested a computerized cognitive training program for 41 breast cancer survivors. The training
program was associated with significant improvements in thinking and problem-solving skills.
Our findings demonstrate potential for our online, home-based cognitive training program to
improve cognitive difficulties among breast cancer survivors.

Background—A majority of breast cancer (BC) survivors, particularly those treated with
chemotherapy, experience long-term cognitive deficits that significantly reduce quality of life.
Among the cognitive domains most commonly affected include executive functions (EF), such as
working memory, cognitive flexibility, multitasking, planning, and attention. Previous studies in
other populations have shown that cognitive training, a behavioral method for treating cognitive
deficits, can result in significant improvements in a number of cognitive skills, including EF.

Materials and Methods—In this study, we conducted a randomized controlled trial to
investigate the feasibility and preliminary effectiveness of a novel, online EF training program in
long-term BC survivors. A total of 41 BC survivors (21 active, 20 wait list) completed the 48
session training program over 12 weeks. The participants were, on average, 6 years after therapy.

Results—Cognitive training led to significant improvements in cognitive flexibility, verbal
fluency and processing speed, with marginally significant downstream improvements in verbal
memory as assessed via standardized measures. Self-ratings of EF skills, including planning,
organizing, and task monitoring, also were improved in the active group compared with the wait
list group.

Conclusions—Our findings suggest that EF skills may be improved even in long-term survivors
by using a computerized, home-based intervention program. These improvements may potentially
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include subjective EF skills, which suggest a transfer of the training program to real-world
behaviors.
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Introduction
Results of studies suggest that approximately 17% to 75% of patients with breast cancer
(BC) experience long-term cognitive deficits that significantly reduce quality of life.1

Women who have under-gone adjuvant chemotherapy are at the highest risk for such
deficits.2,3 Patients who were treated with chemotherapy show altered brain structure and
function compared with patients who were not treated with chemotherapy, which suggests a
pattern of diffuse brain injury that underlies cognitive deficits.2,4 Cognitive impairments
significantly extend disease-related disability, which affects quality of life by limiting
activities of daily living, impeding the ability to perform in the workplace, and making it
more difficult to follow treatment regimens.5,6

Cognitive impairment in BC patients appears to follow a course similar to traumatic brain
injury in which most deficits occur within the first 6 months after adjuvant therapies
followed by a 1- to 2-year recovery and/or stabilization period.7 However, a longitudinal
study by Wefel et al8 indicated that a majority of women do not show significant
improvement in cognitive function over time and that approximately 30% actually develop
new onset of previously nonexistent cognitive difficulties. Many women show continued
neurobiologic and cognitive deficits at 10 to 20 years follow-up.2,9–11 The most common
cognitive deficits noted among BC survivors include executive functions (EF) such as
working memory, cognitive flexibility, multitasking, planning, and attention.12–14 In
addition, neuroimaging studies have consistently and repeatedly demonstrated altered
structure and function of the prefrontal cortex, which is the specialized neural region that
subserves EF.2,4,9,11

Cognitive training is a behavioral method of treatment for cognitive deficits that involves
improving or restoring cognitive function.15 Cognitive training has resulted in significantly
improved function in a number of conditions that, like BC, demonstrate a profile of subtle
cognitive impairments, which include mild traumatic brain injury16 and mild cognitive
impairment,17 among others. Cognitive training has been used to improve a variety of
cognitive skills, including EF, and has been shown to increase brain function, connectivity,
cortical thickness, and neurotransmitter function.18,19 Importantly, cognitive training also
shows significant potential for preventing cognitive decline.20,21 Cognitive training
programs involve repeated skills practice, hierarchical or adaptive difficulty level, and an
engaging and rewarding environment.22 Currently, no practice standards have been
established regarding the number of sessions or duration of cognitive training programs.
Most successful studies have involved training programs that ranged from 4 to 12 weeks or
more, characterized by multiple hours (10-60) of distributed training.18,23–25

The current study focused on improving EF, given that EF difficulties are among the most
common deficits described in BC survivors, as noted above. EF refers to higher order
processes, integrating many domains of cognitive function that are critical for adaptive
responses to the changing demands of the environment.26 Therefore, EF deficits can cause
pervasive problems for BC survivors. Individuals with EF impairments tend to show rigid
thinking patterns, fail to understand alternate perspectives or ideas, struggle with
multitasking, have difficulty changing ideas or behaviors, have trouble recognizing that
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there is more than one answer or approach to a certain task, and often do not recognize when
a mistake has been made.27 EF deficits are associated with increased behavioral and
psychiatric problems as well as decreased response to psychiatric treatment.28,29

Impairments in EF can have significant downstream effects on other cognitive domains,
such as language, social cognition, and declarative memory.27,30 EF deficits can have
debilitating effects on psychosocial functioning, educational achievement, and occupational
success.26,31 In addition, in patients with BC, lower EF is the single best predictor of
medication nonadherence.6 Therefore, we conducted a randomized, controlled trial of a
novel EF cognitive training program. The focus on EF was judged to have the greatest
potential for impacting overall cognitive functioning in BC. Studies in other populations
have shown that EF training can improve non-EF skills as well, including fluid reasoning32

attention, language, and social skills.33 Importantly, EF skills training can facilitate patients’
return to work and improve occupational functioning.34 Previous studies have demonstrated
the efficacy of memory and processing speed training among BC survivors,35,36 but, to date,
improvement of higher order EF skills, such as cognitive flexibility or verbal fluency has not
been examined. In addition, no studies have investigated the efficacy of a completely
computerized, home-based cognitive intervention program in BC survivors. We
hypothesized that a group of long-term BC survivors randomized to an active EF training
program would demonstrate significantly increased scores on a primary outcome measure of
EF compared with a wait list control group.

Methods
Participants

We enrolled 41 women with a history of BC into this study. Inclusion criteria were (1)
history of primary BC (stage I-IIIA at diagnosis), (2) a history of BC treatment, including
surgery and adjuvant chemotherapy (participants were not excluded for radiation or
hormonal therapies), (3) minimum age of 40 years to capture peak years of BC diagnosis,
(4) at least 18 months after chemotherapy to allow for neural stabilization and recovery,4,7

(5) possessing access to an Internet-connected home computer, and (6) expression of interest
in receiving the intervention.

Exclusion criteria included (1) previous chemotherapy treatment; (2) major sensory deficit
(eg, blindness); (3) color blindness, because some of the training tasks and cognitive tests
relied on color; (4) neurologic or major medical conditions known to affect cognitive
function; (5) history of inpatient psychiatric hospitalization; and (6) current psychostimulant
or central nervous system depressant medication use (common antidepressants were not
excluded). The participants were randomized by computerized coin toss software to an
active treatment group or to a wait list group (Figure 1). Forty-one participants (active, 21;
wait list, 20) enrolled in the study (see Table 1 for participant characteristics). This study
was approved by the Stanford University Institutional Review Board, and all participants
provided informed consent.

EF Training Program
The online, computerized training program was administered by using the participant’s
home computer. No personal health information was entered or collected by the program.
There is no study to date that systematically investigates the critical minimum number of
sessions required for successful training of EFs. The length and number of training sessions
in previous studies vary widely depending on the study population, sample size, training
tasks, and training setting (eg, laboratory vs. home). Studies with healthy older adults and
patients with mild cognitive impairments usually used 1 to 6 months of training, with
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training sessions 15 to 90 minutes in duration.37–43 The curriculum in the present study
included 48 sessions, each 20 to 30 minutes in duration, involving various combinations of
13 different exercises designed to improve core EF. This curriculum was selected by a
clinical neuropsychologist (S.K.) using existing cognitive exercises created by Lumos Labs
Inc (San Francisco, CA). Exercises and training durations were chosen based on clinical
experience in addition to relevant literature that pertains to EF training. The participants
were required to login to their individual online account and complete a session of 5
exercises 4 times per week for 12 weeks. Each time the participant logged in, the program
automatically delivered the exercises assigned for that session. The curriculum and schedule
were hard coded into the program by Lumos Labs and thus were the same for each
participant. Due to constraints of the Lumos Lab Web site, the curriculum had to be divided
into 2 courses. Participants completed course 1, followed immediately by course 2. Each
exercise began with the option to start the exercise or view written and animated instructions
for the exercise. General instructions for completing the cognitive training program were
provided verbally and in writing to each participant during her first assessment appointment.

The exercises were designed to train and practice the following EF skills: cognitive
flexibility, working memory, processing speed, and verbal fluency. In summary, the training
tasks were composed of switching games (eg, based on the spatial location of the stimulus,
participants responded to either a specific number or a specific letter of the stimulus), mental
rotation games (eg, navigate a rotating maze), n-back memory games (eg, determine if the
current picture or symbol matched the one shown 1 or 2 screens back), spatial sequencing
memory games (eg, recall the location of coins and then find them in the order of their
value), word stem completion games (eg, use various word stems such as “cog” to produce
as many different words as possible), route planning (eg, navigate a maze by using the
fewest number of moves possible), and rule-based puzzle solving (eg, determine if groups of
figures follow an implicit rule). All exercises involved visual stimuli that required a motor
response (key press or mouse click). Exercises were adaptive to individual ability,
increasing in difficulty level as the participants progressed. Initial difficulty level was very
low (eg, simple stimuli, longer time limits, cued or scaffolded items, illustrations and/or
explanations of correct responses) and then, as the participant’s performance improved,
difficulty level was increased (more complex stimuli, shorter time limits, no cuing or
explanations). Changes in difficulty level were determined by using proprietary algorithms
that considered both intra- and intersession performance, including speed and accuracy. The
program provided immediate visual and auditory feedback, and reinforcement regarding
performance.

We paid Lumos Labs a fee per participant to use the cognitive training curriculum. We do
not have any financial relationships with Lumos Labs and have no other conflicts of interest
related to the cognitive training program. The exercises that we used are currently
commercially available to the public (http://www.lumosity.com/). A previous study from our
group demonstrated positive effects of easier versions of our curricula on EF in child and
adolescent survivors of cancer.44

Adherence
The online program automatically recorded and stored the time and date of each exercise,
which exercises were completed, the performance for each exercise, and the duration of each
exercise and session. These parameters were used to determine adherence. Adherence was
examined in terms of completing training sessions on schedule (ie, 4 sessions per week) as
well as with respect to performance (accuracy). It was expected that subjects would
demonstrate an overall positive linear trend in exercise performance if they were actively
engaging in the program and a flatter slope if they were not engaging. Because the program
was adaptive, even participants who were truly engaging, but struggling with the exercises
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would show overall improvement. Specifically, the program reduced the difficulty level if
performance was low so that those subjects could improve with effort. To enhance
adherence, research staff contacted participants via telephone or e-mail once per week to
remind them to complete the exercises.

Outcome Measures
The effects of the EF training program on cognitive function were measured by using
psychometrically validated and standardized cognitive tests. These tests were administered
at baseline before the training program and then again after the participant completed the
training program. The participants were required to begin the training program no more than
3 days after completing their baseline cognitive testing. They also were required to return for
posttesting no more than 3 days after having completed the EF training program (see Figure
1). Testing was administered by trained research staff members who were blinded to the
intervention assignment and time point of the participants. Alternate test forms were used
when available to reduce the effects of practice, administered in a standardized order for
every participant (ie, A-B). The primary outcome measure was the Wisconsin card sorting
test (WCST). The WCST is a well-validated, widely used neuropsychologic measure of EF
that measures cognitive flexibility or the ability to generate alternate solutions to problems
and fluidly shift mental set.45 The WCST has been shown to be robustly sensitive to
abnormalities in executive-prefrontal neurocircuitry.45,46 In addition, results of our previous
studies indicated that this measure discriminates between BC survivors who were treated
with chemotherapy and noncancer controls.2

Secondary outcome measures included the letter fluency test from the Delis-Kaplan
Executive Function System, a measure of EF and language,47 the Hopkins Verbal Learning
Test Revised (HVLT-R) for verbal memory,48 the digit span and symbol search subtests of
the Wechsler Adult Intelligence Scale 4th edition, measures of working memory and
processing speed, respectively,49 and the Global Executive Composite score of the
Behavioral Rating Inventory of Executive Function (BRIEF), a self-report measure of EF.50

Although the EF training program did not explicitly train verbal memory, the HVLT-R was
included to examine downstream effects of EF on verbal declarative memory. The HVLT-R
and verbal fluency tests have previously been shown to discriminate between BC patients
treated with chemotherapy and survivors, and are among the tests recommended by the
International Cognition and Cancer Task Force for harmonizing studies of cancer-related
cognitive deficit.8,51 Digit span also has been shown to discriminate between BC survivors
and controls.52,53 The BRIEF not only discriminates between BC and controls but also
correlates significantly with deficits in prefrontal cortex among BC survivors.2,54

In addition, we administered the Clinical Assessment of Depression (CAD),55 a measure of
psychiatric distress, including depression, anxiety, and cognitive fatigue. CAD was not used
as an outcome measure but as a means of evaluating and controlling for effects of any
psychiatric distress on cognitive outcome measures. The CAD score did not differ
significantly between the intervention groups at either time point (P = .45, P = .93,
respectively).

Statistical Analyses
For the primary hypothesis, we used a fixed effects analysis of covariance (ANCOVA) with
postintervention WCST as the response, group as the factor, and baseline WCST as the
primary co-variate. Age, education level, radiation, hormonal therapy, CAD score, and time
since chemotherapy were additional covariates. Secondary hypotheses were tested by using
the same ANCOVA model as described above with Bonferroni correction (α = .0125). As
noted above, the global score for the BRIEF was used in secondary analyses; however, the
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BRIEF consists of several subscales that represent specific EF domains. Therefore,
exploratory analyses of the BRIEF sub-scales also were conducted by using ANCOVA
models (uncorrected) to determine if any individual self-rated EFs were impacted by the
intervention.

Model terms that were insignificant at the .05 level were removed from the model to
improve parsimony. The significance of the intervention effect (as well as the other fixed
effects) were determined by an F test. Effect sizes were calculated by using parameter
estimates and the estimated population SD (ie, adjusted mean difference divided by
population SD square root). We also calculated a “corrected effect” by subtracting the
control within-group (post-training vs. pre-training) Cohen d effect size from that of the
active group to represent the results corrected for practice effects. Because there were very
few dropouts, we analyzed the available data and did not apply missing data analysis
techniques.

Results
Feasibility and Adherence

Analysis of the data suggested that the intervention was safe (no adverse events were
associated with the intervention) and feasible to implement. Target accrual was met within 2
months and participation proceeded at a rate of 8 to 10 per month, limited only by study
resources. The subjects in the active arm showed 95% compliance, as defined by completing
the program (1 active-arm participant dropped out at week 8 due to a family emergency).
Two participants in the wait list arm dropped out before completing their Time two
assessments; one due to an injury and the other due to health reasons, unrelated to the study.

As noted above, adherence was defined as completing sessions on schedule (ie, 4 sessions
per week) as well as performance slope. Participants completed an average of 4 ± 0.42
sessions per week and required an average of 13.0 ± 0.92 weeks, (range, 12–15 weeks) to
complete the entire study, including both cognitive assessments and the training program
and/or waiting period. There was no difference between the active (mean, 13.1 ± 0.95
weeks; range, 12–15 weeks) and the wait list (mean, 13.0 ± 0.91 weeks; range, 12–15
weeks) group in terms of study completion time (P = .84). In addition, the participants
showed high positive performance correlations across sessions and exercises (mean r, 0.72 ±
0.13), which suggests that they were actively engaged and putting forth a strong effort.
These correlations reflect performance slope or the correlation between session number and
exercise accuracy (a measure of effort), averaged across participants. Taken together,
analysis of these data suggests strong intervention adherence.

Cognitive Outcomes
As shown in Table 2 and Figure 2, the active group demonstrated significant improvement
in the WCST score compared with the wait list group (effect size, 0.58; P = .008). In
addition, the active group showed significant improvement on the letter fluency (effect size,
0.82; P = .003), and symbol search (effect size, 0.87; P = .009), and a trending improvement
on the HVLT-R (effect size, 0.56; P = .07). Digit span scores were not significantly
improved (effect size, 0.14; P = .57). Although global BRIEF scores were reduced (which
indicate improvement), they were not significant (effect size, 0.26; P =.22). However,
exploratory analyses suggested significant improvements in BRIEF subscales, including
planning and/or organization (effect size, 0.44; P = .02) and task monitoring (effect size,
0.43; P = .03). There were no significant effects of age, education, radiation, or hormonal
therapy in any of the models. However, the CAD score showed a significant effect in the
BRIEF models only (P < .02).
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Discussion
Analysis of our results suggests that a computerized, home-based cognitive training
curriculum can be feasibly implemented in long-term survivors of BC. The training program
was associated with excellent adherence and compliance. We also demonstrated that the
training program was an effective method for improving EF. Compared with the wait list
control group, participants randomized to the active cognitive training arm demonstrated
significantly increased performance on measures of cognitive flexibility, processing speed,
and verbal fluency. The active group also showed improvement in self-rated executive
behaviors and a trend for improvement in verbal memory, a skill that was not explicitly
trained.

Limitations of the study include the small sample size, which restricts the interpretation of
the results. Like most other studies, our sample of BC survivors was very heterogeneous in
terms of disease and treatment history, and, therefore, the effects of these variables on
intervention efficacy could not be addressed due to a lack of statistical power. Importantly,
we were not able to include any extended follow-up assessments that may have provided
insights regarding the stability of training effects over time. The EF training exercises
exclusively involved visual stimuli. There were no options for auditory-based exercises at
the time of this study’s inception. Training programs that include both visual and auditory
exercises may provide a more comprehensive intervention with larger effects. In addition,
we enrolled participants irrespective of baseline cognitive function (or dysfunction).
Although this may have prevented participants with subtle, difficult to detect deficits from
being excluded, it may also have biased our sample. Including only subjects with a minimal
degree of defined impairment may have increased the intervention effects. However, despite
these limitations, analysis of our findings suggests that a practical, accessible cognitive
training intervention may help improve EF in BC survivors.

Few other studies have examined behavioral interventions for cognitive skills in BC
survivors, and, to date, treatment for higher-order EF skills has not been examined. As noted
above, previous research has demonstrated the efficacy of memory, attention, and
processing speed rehabilitation among BC survivors.35,36 Another study showed no
intervention effects after cognitive rehabilitation for attention.56 The participants in this
study were only 2 months, on average, after therapy and thus the study results may have
been confounded by the control group’s natural neurologic recovery. Rehabilitative
cognitive training may be more effective if initiated after the patient has stabilized.57

Animal and human studies indicate that intensive therapy during acute periods of recovery
provide no benefit beyond what is associated with spontaneous recovery and can even lead
to poorer outcomes in some cases.57 Analysis of the research suggests that patients with BC
continue to show cognitive decline within the first 3 to 6 months after therapy,7 and,
therefore, cognitive training might be more optimally implemented after this period.
Accordingly, cognitive training has been found to be highly effective in the chronic recovery
period, even when implemented multiple years after the initial injury.33 Our study required
participants to be at least 18 months after therapy to allow for natural neural stabilization.

In fact, our participants, on average, were 6 years after therapy (including chemotherapy and
radiation). Previous studies demon strated persistent and even late onset EF deficits in BC
survivors8. Our findings suggest that EF can still be improved even after the chronic
recovery period after adjuvant therapy for BC. As noted above, the stability of EF
improvements over time could not be determined from this pre-post design. Existing
evidence from previous studies of other populations suggests potential retention of cognitive
training benefits at both short-term (3 months)58 and long-term (5 years)59 postintervention
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follow-ups. However, further longitudinal assessment after completion of the intervention is
necessary to determine if training effects remain stable in BC survivors. It is possible that
regular, consistent cognitive exercise, or at least intermittent “booster” sessions, are required
to maintain improvements in some or perhaps all patients.

Although participants in the present study were enrolled irrespective of baseline cognitive
status, post hoc analyses indicated that their baseline WCST total errors scores were
significantly lower than those obtained from a group of 49 comparably aged and educated
healthy female controls (P = .03) who were pooled from our previous BC studies.2,60,61 The
control WCST mean was 51.0 ± 9.7 and the BC mean (active plus wait list participants) was
46.0 ± 9.6. Thus, our sample of BC survivors was performing lower than their same-aged
peers before intervention despite their scores being within the “normal” range. In addition,
chemotherapy-related cognitive changes often tend to be quite subtle, and, therefore, mean
standardized cognitive scores may not detect them.14,62 Examining cognitive changes over
time may be a more sensitive method for identifying these cognitive difficulties.63

A critical issue in cognitive training research is whether training-induced changes transfer or
generalize to other skills and/or real-world tasks.64 Cognitive training exercises may simply
improve subjects’ ability to perform on cognitive tests. One of the 13 exercises in our
training curriculum required participants to determine if groups of figures followed various
implicit rules. This concept is similar to that used in the WCST, our primary outcome
measure. In addition, the word-stem exercise used in the training program is somewhat
similar to the letter fluency test. However, we demonstrated potential transfer effects of the
training program to other skills by providing support for the program’s efficacy beyond
“training to the test.” Specifically, the BRIEF measures real-world or everyday EF
behaviors.50 We did not demonstrate significant improvement in the global BRIEF score,
although exploratory analyses indicated that some of the BRIEF subscales, including those
that measure planning, organization, and task monitoring, were significantly improved after
the intervention. We also demonstrated a potential transfer to verbal memory, which was not
explicitly trained. Verbal memory was associated with a moderate effect size, although the
statistical significance did not reach our threshold.

We did not show any effects on working memory despite the training program, including
several exercises specifically focused on this skill. Results of previous studies showed
significant improvement in working memory after cognitive training in other
populations. 18,65 The reason that these skills were not improved by the present training
program is unclear, although it may reflect the choice of outcome measure. The digit span
test involves auditory stimuli, whereas a visual working memory test may have elucidated
change in this area. It is also possible that the training exercises in working memory
domains were not effective or that this sample of BC survivors required more and/or longer
training sessions to impact working memory skills. In addition, auditory-based working
memory exercises or a combination of visual and auditory tasks may have yielded improved
results.

Although CAD scores did not suggest clinically significant depression, anxiety, or fatigue,
CAD was a significant covariate in the BRIEF models. This is consistent with previous
studies, which show that self-ratings of cognitive function are strongly influenced by
psychiatric distress.3,14, In addition, post hoc analysis indicated that the CAD score showed
a similar, nonsignificant improvement after the training program (effect size, 0.23; P = .32).
Therefore, ongoing subclinical levels of distress may have confounded subjective
assessment of cognitive ability after the intervention program. Including relaxation exercises
in the curriculum might enhance future cognitive training programs for BC survivors. It is
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also possible that our study simply lacked the statistical power necessary to detect a change
in global BRIEF (and CAD) scores.

Conclusion
Our results demonstrated the preliminary efficacy of online cognitive training to improve EF
in BC survivors, including cognitive flexibility, verbal fluency, and processing speed. We
also found significant improvement in specific self-rating of everyday EF behaviors and
observed some transfer to verbal memory with a strong effect size. Together, the results
demonstrate the potential of home-based, computerized EF training for even long-term BC
survivors and suggest the significance of targeted training for this population.

The high incidence of BC and increasing survival rates contribute to a large and growing
number of individuals who may experience cognitive impairments related to their cancer
experience. The National Institutes of Health estimated that, in 2010, the indirect cost of
cancer on society due to “illness-related loss of productivity” was $20.9 billion.66 Cognitive
difficulties likely contribute significantly to these indirect costs. Our findings demonstrate
potential for our standardized, online, home-based cognitive training program to increase
commonly impaired EF skills among chemotherapy-treated BC survivors.

Future research should focus on longer duration of cognitive training with more emphasis on
metacognitive strategies and a better understanding of the long-term effects of the
intervention. Longer training durations may be necessary to ensure adequate transfer
effects.67 In addition, an emphasis on metacognitive strategies may help improve transfer to
real-world behaviors. The combination of home-based cognitive training with manualized
components such as a survivor workbook might retain the practical, accessible elements of
home-based cognitive training with more clinic-based instruction. For example, participants
could be provided with a workbook that contains instructions for applying cognitive
exercises to real-world tasks as well as methods for compensating for certain cognitive
difficulties so that they can perform daily living tasks with success. Larger studies should
ideally include extended postintervention follow-up assessments to examine the stability of
intervention effects after training has ceased. Larger samples also would allow for analyses
of variables that might help predict individual differences in response to cognitive training.
The inclusion of neuroimaging assessments in future studies could significantly assist with
this prediction68 and could also increase our understanding regarding neuroplasticity
mechanisms after chemotherapy treatment.

Clinical Practice Points
• Cognitive difficulties are one of the most common quality-of-life complaints

among BC survivors. However, there currently are very few treatment options
available. Pharmacologic trials have been hampered by null effects on cognitive
function69 as well as harmful consequences, including reduced survival rates.70

• Cognitive training represents a behavioral, nonpharmacologic method for
improving cognitive function after chemotherapy treatment.

• Our results indicate that even long-term survivors can benefit from these
interventions. Training programs such as the online curriculum used in this study
are practical, accessible, inexpensive, and easily disseminated to survivors as part
of survivorship care plans due to their self-contained and computerized platform.
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Figure 1.
Study Schema
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Figure 2.
Mean Change Scores for Cognitive Outcome Measures. The Active Cognitive Training
Group Showed Significantly (P < 05) Increased Scores on Measures of EF Outcome,
Including WCST, Letter Fluency, Sym Search, and BRIEF Subscales (denoted by asterisks).
HVLT-R Was Marginally Improved (P = 07)
Abbreviations: BRIEF = behavioral rating inventory of executive function; EF = executive
function; GEC = global executive composite; HVLT-R = Hopkins verbal learning test
revised; Ltr Fluency = letter fluency; Sym Search = symbol search; WSCT = Wisconsin card
sorting test.
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Table 1

Participant Characteristics

Active
(n = 21)

Wait List
(n = 20) P

Mean (SD) Age, y 55 ± 7 56 ±6 .72

Mean (SD) Education, y 16 ± 2 16 ± 3 .80

Mean (SD) Time After Therapy, ya 6 ± 3 6 ± 3 .88

% Radiation 70 63 .74

% Hormonal Therapy (Tamoxifen)b 60 63 1.0

% Disease Stage 1, 2, 3 25, 50, 25 26, 42, 32 .34

% Postmenopause 71 65 .74

a
Chemotherapy and/or radiation.

b
Six participants in each group were still taking tamoxifen at the time of enrollment and all continued to take it throughout the study.
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