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Abstract: For breast cancer survivors (BCS), issues related to quality of life after treatment 
have become increasingly important. Up to 75% of individuals receiving chemotherapy 
experience cognitive impairment and for many BCS, these impairments persist for a long 
time after treatment. In addition to these cognitive impairments, research suggests a higher 
rate of depression, anxiety, and distress in cancer survivors. The impact of these cognitive 
and emotional deficits impairs daily functioning, occupational performance, increases rela-
tionship stress and caregiver burden, contributes to poor emotional processing, and reduces 
quality of life. Fortunately, there are cognitive interventions that can improve targeted 
cognitive abilities along with general cognitive processes. Speed of processing (SOP) train-
ing, a type of cognitive remediation therapy, has been shown to improve cognitive perfor-
mance on measures of visual attention, SOP, and timed-task performances. Furthermore, 
SOP has been shown to enhance neuromodulatory systems that improve mood, especially 
depression and other indicators of quality of life. Studies support the need for deeper 
investigation into the short-term and long-term benefits of SOP training as a behavioral 
adjunct for BCS. 
Keywords: cognitive training, cognitive remediation, cognitive aging, breast cancer 
survivors

In the United States, there were more than 3.5 million women living with a history 
of breast cancer.1 This figure includes women currently being treated and women 
who have finished treatment. Advances in breast cancer treatment have dramatically 
increased survival as evidenced by 5-year survival rates in the United States at 
approximately 90% and 1.4 million breast cancer survivors (BCS) more than 20 
years post-diagnosis.2 With BCS living longer, increased attention has been paid to 
the residual effects of treatment.3,4 One of the more common side effects is 
cognitive impairment, which affects up to 90% of persons with breast cancer5,6 

and can persist for a long time after treatment is completed.7–9 Speed of processing 
(SOP), executive functioning, attention, and memory are particularly affected.7,10,11 

These cognitive difficulties can negatively impact everyday functioning which can 
be very distressing to BCS.3,12–14

Despite the high risk for cancer-related cognitive impairment among BCS, there 
are few treatments available to remediate these deficits. A study by Meneses et al15 

found promising effects of a computerized SOP intervention for middle- to older- 
aged women with breast cancer. Findings from studies of healthy older adults who 
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received SOP training suggest that the training may have 
secondary benefits to mood, internal locus of control, 
everyday functioning, and quality of life.16–18

The purpose of this article is to provide a rationale 
for why SOP training, a type of cognitive training, is 
particularly suited as a possible therapeutic approach 
for treating cognitive problems in BCS. Figure 1 pro-
vides a graphic representation of this argument. 
Specifically, on the left are issues experienced by 
BCS and on the right are known therapeutic benefits 
of SOPs training with the instruments in which these 
benefits are measured listed in the middle of the figure. 
In providing this rationale, first a background of cog-
nitive training is provided. Second, from all the cogni-
tive trainings, a description of SOP training is 
provided, including information on its benefits in 
improving cognitive, everyday functioning, and non- 
cognitive outcomes, including its neurological under-
pinning. Third, the cognitive and non-cognitive deficits 
observed in BCS are described and matched as to how 
SOP training can address each deficit. Finally, implica-
tions for research of how SOP training can be suited in 
this clinical population are provided.

Cognitive Training
Cognitive training refers to a therapeutic approach in 
which an assortment of stimulating activities, mental exer-
cises, and thinking strategies are employed with the 
expressed purpose to improve cognitive abilities. The prin-
ciple supporting cognitive training centers on the concept 
of neuroplasticity. By and large, neuroplasticity refers to 
the brain’s ability to form new and stronger connections 
between neurons and brain regions in response to being 
exposed and adapting to challenging and novel environ-
mental stimuli (eg, playing a game, joining a club).19–22 

Thus, the biochemistry, metabolism, and morphology of 
the brain are changed in forming these connections, allow-
ing specific types of information to be processed more 
efficiently.19,21 In examining the efficacy and utility, the 
types and methods of administering cognitive training 
varies greatly from study to study. Some types are com-
posed of small classes with pencil and paper tasks that 
require participants to mentally process information in 
a specified, prescribed manner. Other types include com-
pleting workbooks, while others employ watching prere-
corded assignments.23 Dosage also varies greatly with 
some studies delivering the training in a single session to 

Figure 1 Domains in which SOP training may benefit BCS. Asterisks indicate instruments/measures that have been used in the literature to quantify these benefits. This 
figure was developed by the David Vance and is the property of this author.
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others requiring up to 30 hours of training exposure; 
however, a common dosage observed in the literature is 
10 hours of training. Location also is a consideration as 
some studies administer the cognitive training in 
a controlled laboratory setting to monitor treatment fidelity 
and maintain internal validity while others administer it in 
the community or the participant’s home under realistic 
conditions, thus strengthening the ecological validity of 
the study. Yet, with the sophistication of gaming software 
and the widespread use of computers and smart devices, 
computerized cognitive training approaches have gained 
prominence especially in older adults and clinical popula-
tions concerned with improving or protecting their cogni-
tive abilities.20,24

Cognitive training approaches can target global cogni-
tive function as well as specific cognitive domains such as 
attention, working memory, verbal memory, nonverbal/ 
spatial memory, reasoning/executive functioning, and 
SOP. In fact, many cognitive training approaches focus 
on delivering stimuli targeting improvement or remedia-
tion of such a specific cognitive domain versus the more 
daunting task of trying to improve global cognition. In 
a systematic meta-analytic study of 52 computerized cog-
nitive training studies targeting older adults (60+ years), 
Lampit, Hallock, and Valenzuela examined the efficacy of 
different types of computerized cognitive training to 
improve a variety of cognitive domains that were targeted 
for treatment.25 Pooling the effect sizes across studies, 
cognitive improvements from computerized cognitive 
training were robustly observed for SOP (g = 0.31), 
visuospatial skills (g = 0.30), nonverbal memory (g = 
0.24), working memory (g = 0.22), and verbal memory 
(g = 0.08). Although some of the individual studies did 
find significant improvements in attention and executive 
functioning following cognitive training, collectively the 
pooled effected sizes were not significant.

Included in this meta-analysis is the ACTIVE 
(Advanced Cognitive Training for Independent and Vital 
Elderly) Study, the largest longitudinal clinical trial of 
cognitive training. In the ACTIVE Study, 2,802 normal 
community-dwelling older adults from six sites across the 
United States were randomly assigned to one of four 
groups: 1) a memory training group; 2) a reasoning train-
ing group; 3) a SOP training group; and 4) a no-contact 
control group. Those in the training groups received 10 
hours of laboratory training spread over a 4–6 week per-
iod. One of the primary findings from the ACTIVE Study 
is that with only 10 hours of cognitive training, 

participants improved in the cognitive domain in which 
they were trained; these cognitive training gains were 
more robust for reasoning and SOP training. In fact, 
based on the ACTIVE data, the US National Institute of 
Nursing Research and the US National Institute on Aging 
declared that SOP facilitates the ability for “older people 
to maintain their cognitive abilities as they age,” even 
a decade after training.26 Using these longitudinal data, 
Edwards et al observed that compared to the no-contact 
control group, participants in the SOP training group 
experienced a 29% reduced risk of dementia over a 10- 
year period.27 Thus, based on the Lampit et al’s meta- 
analysis as well as these findings from the ACTIVE 
Study, SOP training may be a particularly therapeutic 
approach to improve and protect cognition and everyday 
functioning.25

SOP Training
SOP training described in the literature mostly refers to the 
training protocol used in the ACTIVE Study and then later 
adapted into a software package by PositScience, Inc. 
(brainhq.com). Although there are several types of SOP 
training exercises within this software package, Divided 
Attention is generally considered the most representative 
of them.28–30

In Divided Attention, a repeated series of small trials 
are presented to participants. In a given trial, participants 
are directed to stare at the computer screen during which 
a central target (type of vehicle – car or truck) and 
a peripheral target (Route 66 sign) are presented simulta-
neously and maintained on the screen from around 17 to 
500 ms (Figure 2A). Immediately after this brief exposure, 
participants are given a choice between two vehicles and 
asked to select the vehicle they just saw (Figure 2B); in 
this example, a car. If they are incorrect, a clunking sound 
is presented which indicates they responded incorrectly 
and then they progress to the next trial. If they chose 
correctly, the next screen prompts them to select the loca-
tion of the peripheral target (Figure 2C); in this example, 
they are to click in the middle-upper left lightly shaded 
area. If they chose incorrectly, again a clunking sound is 
presented indicating the response is wrong and then they 
progress to the next trial. If they chose correctly, then 
a congratulatory sound is presented along with flashing 
stars and points awarded. After this, the participants are 
presented another trial and this repeats. Within an hour of 
training, participants repeat this process hundreds of times 
in which they are rewarded for correct responses. An 
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Figure 2 (A) Divided Attention with a Central and Peripheral Object. This figure was provided by Posit Science, Inc. and they have provided permission to use this figure. 
(B) Divided Attention with a choice to select the Central Object. This figure was provided by Posit Science, Inc. and they have provided permission to use this figure. (C) 
Divided Attention with a choice to select the location of the Peripheral Target. Once the participants chose the correct vehicle that was just presented from the choice 
provided in the left panel, then using the computer mouse, participants indicate where the outside object was present by clicking within that area. If they get it right, they get 
rewards with a little “ding” sound; if they get it wrong, they are punished with a little “clunk” sound. This figure was provided by Posit Science, Inc. and they have provided 
permission to use this figure.
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important component of this process is that if participants 
respond incorrectly, the next trial is made easier by slow-
ing down the presentation speed of the target stimuli, and 
if participants respond correctly, the next trial is made 
harder by increasing the presentation speed. Thus, an 
algorithm is in place that allows participants to respond 
correctly approximately 75% of the time in order to encou-
rage and motivate and avoid non-adherence in the partici-
pants, but yet always be challenging to ensure that 
neuroplastic changes are occurring in the brain.

Improvement of SOP and Cognition
In addition to the ACTIVE Study, other studies show that 
SOP training improves this cognitive ability.31 In a sample 
of 67 older adults 59–95 years old, Edwards et al rando-
mized these participants into either the SOP training group 
(n = 36) or a wait list control group (n = 37).32 Over a 10– 
12-week period, those in the SOP training group attended 
2–3 sessions per week where they self-engaged the 
BrainHQ program (BrainHQ is a registered trademark of 
Posit Science, Inc.) with the goal of completing 20 1-hour 
sessions. During these sessions, participants engaged in 
a variety of visual/cognitive exercises designed to promote 
SOP. As in the other SOP training protocols, these exer-
cises are adaptive as they display speeds and difficulty 
conforming to the participants’ individual performance. 
As expected, compared to the wait list control group, the 
SOP training group experienced significant improvements 
on a visual SOP measured called Useful Field of View 
(UFOV®).

Neurological Underpinnings of SOP 
Training
From a neurological perspective, the characteristics of 
SOP training may uniquely alter the function and structure 
of the brain. Researchers have posited that the visual/ 
cognitive exercises of SOP training require one to process 
stimuli through repetition and sensory motor elaboration. 
Thus, repetitive procedural tasks are known to exert 
a wider array of regional brain activation than reasoning 
and memory tasks.33 Corroborating this, electrophysiolo-
gical studies demonstrate that compared to controls, adults 
who receive SOP training exhibit increased P3b and N2pc 
amplitudes, an indicator of attentional allocation and capa-
city enhancement.34 This is important because deficits in 
inhibition and attentional control accompany prefrontal 
dysregulation, especially in BCS, which is an inefficient 

way to process information accurately and quickly.8,35,36 

Thus, by reducing dependence on frontally oriented activ-
ity, SOP training promotes processing such information to 
posterior brain regions, thus improving SOP ability which 
translates to everyday functioning.13,16

In a pre-post MRI study of 33 healthy older adults (65+ 
years), Ross et al randomized participants into one of three 
groups: 1) 10 hours of SOP training using adaptive 
UFOV® training (similar to the Double Decision task 
developed by Posit Science, Inc.); 2) 10 hours of cogni-
tively stimulating activities; or 3) a no-contact control.37 

As expected, those in the UFOV® training group improved 
significantly in visual SOP. Compared to baseline, at post- 
test those in the UFOV® training group exhibited reduced 
brain activity in several regions of interest: anterior cingu-
late cortex, anterior insula, dorsolateral prefrontal cortex, 
inferior parietal lobe, supplementary motor area, and the 
thalamus. Similar results were not observed in the other 
two control groups. Furthermore, a large and significant 
increase in network connectivity was observed from base-
line to post-test in the UFOV® training group. In fact, in 
examining 28 possible network connections, four network 
connections significantly showed increased strength: 1) 
anterior insula – supplementary motor area; 2) anterior 
insula – visual cortex; 3) anterior insula – supplementary 
motor area; and 4) dorsolateral prefrontal cortex – supple-
mentary motor area. Based on these findings, it is sug-
gested that increased connectivity improves processing 
efficiency which places less demand on brain regions to 
perform tasks. In fact, many of the resting-state functional 
connectivity with many of the regions of interest were 
strengthened following SOP training, thus enhancing 
visual attention efficiency and executive function.

Improvement in Everyday Functioning
The evidence on SOP training demonstrates that this type 
of cognitive training is not only effective for improving 
cognition, it yields gains in everyday functioning as well. 
Studies show that SOP training improves everyday func-
tioning, particularly how quickly and accurately instru-
mental activities of daily living are performed.38 In fact, 
these outcomes have been replicated whether the SOP 
training occurs in the laboratory or at home.23,31,39

In numerous studies, a particular benefit of SOP training 
has been observed with automobile driving. Using the 
ACTIVE data, compared with a no-contact control group 
and a memory training group (ie, an active control), greater 
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time engaged in SOP training was associated with mainte-
nance of driving frequency over a 5-year period.40

Similarly, over a 10-year period, after SOP training 
participants at-risk for driving mobility declines were 
49% less likely to stop driving.30 Furthermore, when 
examining state-recorded motor vehicle collisions over 
nearly a 6-year period after training, those in the SOP 
training group experienced nearly a 50% lower rate (per 
person-mile) of at-fault motor vehicle crashes.17 The ben-
efits of improving visual attention and visual SOP through 
this particular training paradigm obviously has very real 
world applications. It is anticipated that BCS undergoing 
SOP training will experience improvements in driving 
ability (reduced accidents, fewer traffic violations, etc.) 
compared to those BCS who do not receive SOP training.

Improvement in Non-Cognitive 
Outcomes
From the ACTIVE Study, other health-related outcomes 
have been observed with this training including reduced 
severity of depressive symptomatology,41 better internal 
locus of control,42,43 self-rated health,44 and better health- 
related quality of life.45,46 Furthermore, compared to the 
reasoning training and memory training groups, those in 
the SOP training group retained these health-related out-
comes up to five years after training.

In examining depression in particular, Wolinsky et al 
found that compared to the no-contact control group, those 
who received the SOP training experienced less clinically 
significant increases in depressive symptoms, as defined 
by ≥1.0 standard deviation threshold on the Center for 
Epidemiological Studies Depression scale (CES-D)-12, 
by 30% 1 year (AOR = 0.699, p = 0.039) and 5 years 
(AOR = 0.651, p = 0.059) after training.42 Employing the 
same statistical approach, these beneficial outcomes were 
not observed for the memory training or the reasoning 
training groups. In a separate but similar study examining 
10 hours of laboratory SOP training versus 10 hours of 
attention control (ie, playing crossword puzzles), those in 
the SOP training group also had improved odds of experi-
encing reduced levels of depressive symptoms 1-year after 
training.39

Neurologically, within the procedural activities of SOP 
training that require constantly focusing on stimuli pre-
sented and receiving feedback as to whether one’s 
responses are correct, this may activate the attentional 
reward systems which enhances neuromodulatory system 

function; thus, this creates neuroplastic changes in brain 
morphology, enhancing brain functions accompanying 
mood.47–49 As mentioned, given that SOP training is pro-
grammed to present stimuli faster or slower to prevent one 
from becoming discouraged from responding wrong too 
much, an algorithm was placed into some of these pro-
grams to allow the program to speed up or slow down so 
that the participant gets about 75% of their answers cor-
rect; this then activates the reward system in the brain. In 
this manner, participants are rewarded for responding cor-
rectly but still cognitively challenged which encourages 
neuroplasticity.19,22

Since studies on SOP training suggest that it may protect 
one from developing depressive symptomatology, SOP train-
ing may be used in combination with pharmacological and 
cognitive-behavioral therapies as an adjuvant therapy to treat 
and possibly prevent depression. Likewise, as seen in the 
ACTIVE Study, by protecting one from developing depres-
sive symptomatology, this may change one’s perception, thus 
augmenting one’s sense of locus of control, self-rated health, 
and health-related quality of life – an apparent benefit but 
unexpected benefit of SOP training.

Utility SOP Training in Other Clinical 
Populations
In the ACTIVE Study and others, SOP training has been 
shown to be a non-pharmacological and reasonably priced 
intervention that can effectively improve this cognitive abil-
ity in normal, community-dwelling older adults as well as in 
other clinical populations such as patients with HIV (eg, 
mild cognitive impairment).31,50,51 For example, in 
a sample of 46 middle-aged and older adults (40 + years) 
with HIV, Vance et al randomized participants to either a 10 
hours of SOP training group or a no-contact control 
group.51 Compared to the no-contact control group, those 
in the SOP training group improved on a measure of visual 
SOP and a laboratory measure of everyday functioning (ie, 
Timed Instrumental Activities of Daily Living test). Based 
on these favorable results, an ongoing 2-year longitudinal 
study is now investigating the effects of 10 versus 20 hours 
of SOP on middle-aged and older adults (40+ years) with 
HIV-Associated Neurocognitive Disorder.52 It is hypothe-
sized that more SOP training will not only improve visual 
SOP and attention, but also driving outcomes (ie, reduced 
at-risk crashes, improved driving simulation outcomes), 
depression, locus of control, self-rated health, and health- 
related quality of life.
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Cognitive Relevance to BCS
Most women with breast cancer (without brain metastasis) 
experience cognitive impairment at some point in their 
disease trajectory. Up to 30% experience cognitive impair-
ment prior to any treatment, 75% of patients with cancer 
experience cognitive impairment during treatment, and up 
to 35% of BCS experiencing cognitive problems years 
following systemic treatment.9 The exact mechanisms of 
cognitive impairment related to cancer and its treatment 
are unknown but hypothesized mechanisms include brain 
barrier alterations, cytokines and hormonal deregulation, 
inflammation, direct neurotoxicity of chemotherapy 
agents,9,53,54 and accelerated aging due to increased oxi-
dative stress and decreased mitochondrial function.55

The cognitive abilities that are most vulnerable to 
impairment are the same abilities commonly affected by 
normal aging. Thus, slowed SOP is among the more com-
monly reported impairments found in BCS and is more 
pronounced in older BCS and especially in those treated 
with cytotoxic chemotherapy regimens.7,10,56,57 The find-
ing that SOP is particularly affected in BCS provides 
support for the accelerated aging hypothesis. Hurria et al 
investigated cognitive impairment using neuropsychologi-
cal tests in a group of older BCS (median age of 71 years) 
before chemotherapy and 6 months after chemotherapy.58 

The prevalence of cognitive impairment at 6 months was 
39%, a statistic similar to studies of younger BCS. In 
contrast, other investigators have found interactions 
between age and chemotherapy on cognitive functioning. 
Adams-Price et al investigated treated and untreated BCS 
aged 39–71 years old and age-matched cognitively normal 
controls.56 They found that older BCS treated with che-
motherapy performed significantly worse than the control 
group and the younger BCS treated with chemotherapy, 
but only on the SOP component of the UFOV® test. Ahles 
et al administered neuropsychological testing to a group of 
younger and older BCS treated with or without 
chemotherapy.59 These researchers found that older BCS 
who were treated with chemotherapy who had less cogni-
tive reserve (as measured by a word reading test – Wide 
Range Achievement Test- 3) performed worse on SOP 
tests compared to older BCS who were not treated with 
chemotherapy. Thus, SOP seems to be a sensitive marker 
of cognitive impairment, particularly in vulnerable BCS 
(older age, chemotherapy treated, lower cognitive reserve) 
and is a cognitive impairment that could likely be 
improved with SOP training.

Functional Relevance in BCS
BCS often report having difficulty performing everyday 
tasks due to their cognitive impairments, although the 
scientific literature on the effects of cancer and cancer 
treatment on everyday functional tasks is sparse. One 
commonly reported difficulty is the ability to return to 
work. In recent meta-analysis of 40 studies, the overall 
rate of return to work among all cancer survivors was 
57%.60 A study by Von Ah et al found that self-reported 
decreased cognitive function was significantly correlated 
with worse work ability, performance, and productivity 
based on questionnaires given to the patients.61 Sun et al 
conducted a review of the literature and reported that the 
majority of the studies (N = 25) reported that BCS experi-
enced reduced work engagement and work ability.62

Driving is another area of potential concern for BCS 
given the demands of SOP and attention resources neces-
sary for safe driving. Adam-Price et al (2009) conducted 
a study examining 38 BCS (3 to 45 months post che-
motherapy) and compared them to 55 age-matched con-
trol participants in the performance on the UFOV®.56 

UFOV® was used as a proxy for driving ability as studies 
have indicated UFOV® and driving abilities in older 
adults are highly correlated.63 These researchers found 
that older BCS performed more poorly than healthy age- 
matched controls on the UFOV® SOP. Older BCS also 
performed more poorly than younger BCS. These 
researchers concluded that older BCS likely experience 
brain changes thought to be caused by chemotherapy 
because they are already at risk for behavioral slowing. 
Furthermore, this study raised concerns about driving 
performance, particularly among older BCS treated with 
chemotherapy. Future studies need to directly assess driv-
ing performance in BCS using driving simulators or on- 
road assessment.

Aging and Cognition in BCS
Although BCS of any age are vulnerable to cognitive 
impairment and SOP declines, there is a strong link 
between aging and cancer-related cognitive 
impairment.54,64,65 Aging shares many common biologic 
pathways with putative mechanisms of cancer-related cog-
nitive decline.66 Chemotherapy also produces changes in 
biomarkers and brain structures that mimic aging.67–71 

Studies have found that risk factors for cancer-related 
cognitive impairment include aging and age-related factors 
such as frailty,72,73 genetic risk factors (eg, apolipoprotein 
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E-4 genotype),73 and high medical comorbidity burden 
(diabetes and cardiovascular disease).74

The Thinking and Living with Cancer study was 
a national, multisite prospective study that examined 
cognitive functioning in women with breast cancer who 
were aged 60 years or greater prior to receiving systemic 
treatment and then followed them over two years.74 This 
study identified several predictors of pre-treatment cog-
nitive impairment in a sample of 164 women with non-
metastatic breast cancer. Cancer burden (or stage of 
disease) was associated with pre-treatment cognitive per-
formance in that those with stage II or III breast cancer 
had lower executive functioning test scores compared to 
those with stage 0 to I breast cancer after adjusting for 
age, race, education, site of tumor, and surgery.74 In 
addition, women BCS who were older, nonwhite, less 
educated, and had greater medical comorbidity had 
greater odds of cognitive impairment before treatment. 
Medical comorbidities associated with pre-treatment 
impairment were diabetes and cardiovascular disease. 
Interestingly, depression, anxiety, fatigue, and surgery 
were not associated with impairment before treatment.

Using an expanded sample from the Thinking and 
Living with Cancer study75 that included 344 women 
with newly diagnosed nonmetastatic BCS and 347 
matched controls without cancer,73 participants were 
assessed prior to treatment and at 12 and 24 months post- 
systemic treatment. BCS were divided into three treatment 
groups: 1) chemotherapy without hormonal therapy, 2) 
chemotherapy with hormonal therapy, and 3) hormonal 
therapy alone. Treatment was related to longitudinal cog-
nitive performance; BCS who received chemotherapy had 
worse attention, SOP, and executive functioning test per-
formance and those initiating hormonal therapy had lower 
learning and memory test performance compared to the 
other groups. These researchers also examined whether 
apolipoprotein E (ApoE) genotype (positive for e4 allele 
vs no e4 allele) affected the treatment group differences in 
cognitive scores over time. This variable was examined 
because individuals who have the ApoE e4 subtype are at 
greater risk for developing Alzheimer’s disease. 
Interestingly, only BCS who had the ApoE e4 genotype 
(one or two alleles) receiving hormone therapy had short- 
term decreases in learning and memory test scores. The 
attention, SOP, and executive function test scores were 
significantly worse for survivors positive for the ApoE 
e4 genotype who were exposed to chemotherapy. Finally, 

frailty was associated with self-reported cognitive decline 
but not with declines on cognitive testing.

In summary, BCS of all ages are vulnerable to SOP 
declines54,64,65 but older BCS are particularly 
vulnerable.73,75 As BCS age, the risk and amount of cog-
nitive decline increases. Any decline in SOP, even if mild, 
disrupts other cognitive domains (eg, memory)76 and inter-
feres with quality of life, autonomy, and everyday 
functioning.16–18 SOP declines are associated with poorer 
driving performance outcomes, and more at-fault crashes 
in normal community-dwelling older adults, which repre-
sents a growing public health concern.29,77–79

SOP Training in BCS (SOAR)
Fortunately, impairments in SOP can be improved. In 
a study conducted by Von Ah et al, 10 hours of SOP 
training over a 2-month period was effective in improving 
SOP and memory.80 In that study, participants completed 
the SOP training in small groups in a university setting. In 
the SOP in Middle-Aged and Older Breast Cancer 
Survivor (SOAR) study, Meneses et al investigated 
whether these cognitive benefits could be achieved by 
completing the computerized SOP training individually 
in a home setting.15 In this study, 60 middle-aged and 
older BCS (Mage = 55 years) who self-reported cognitive 
impairment were randomized to either the SOP training 
group (n = 30) or a no-contact control group (n = 30). 
Those in the intervention group received up to 10 hours of 
computerized exercises specifically designed to improve 
the accuracy and rate in which one can visually process 
information. Primary outcomes were SOP (Useful Field of 
View Test), executive function (NIH Toolbox Cognition 
Battery), and everyday function (Timed Instrumental 
Activities of Daily Living). Neuropsychological assess-
ments were completed at baseline, 6 weeks, and 6 months 
post-study entry. These researchers found that those in the 
SOP training group experienced improvements in SOP, 
executive function, and everyday function. In this sample, 
SOP training resulted in improved performance on neu-
ropsychological measures of SOP and executive function-
ing. Immediate post-test (6 weeks) and 6-month follow-up 
demonstrated large SOP training effects over time.

Proposal and Conclusion
Studies on SOP training demonstrate consistent cognitive 
and everyday functional gains in the short term and long 
term.16,23,31,38,81 The efficacy of these training effects 
has been observed in various clinical populations, 
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including BCS.15 Recent work has suggested that SOP 
training may even reduce the risk of dementia.27 As BCS 
age, they will be in need of cognitive interventions to 
prevent cognitive loss or remediate for such loss, and 
SOP training in particular may be adaptive in this clin-
ical population. Figure 1 illustrates that SOP training 
produces many benefits that address many of the pro-
blems BCS experience, especially if they are having 
cognitive difficulties. BCS often report problems with 
depression,82,83 internal locus of control/motivation,84–86 

and poor self-rated health and health-related quality of 
life.87,88 Although not documented specifically in the 
BCS literature, other studies suggest that patients who 
receive cancer therapy may reduce their driving, espe-
cially if they perceive impaired cognitive function.89,90

Moving forward, in proposing SOP training with BCS, 
the following questions should be considered. First, what is 
the optimal dose needed to provide the most therapeutic 
benefit to BCS? 10 hours? 20 hours? Second, related to 
dosage, should booster training be considered to maintain 
treatment gains? If so, at what time points should booster 
training be considered. One year, two years, or five years 
after initial SOP training? Third, what treatment modality 
or venue would be most efficacious and convenient for 
BCS? Some may prefer conducting SOP training on their 
home computer, but for others training in a group setting in 
a controlled environment may prove to be more therapeu-
tic. Fourth, would pairing SOP training with other techni-
ques known to improve brain health (ie, physical exercise, 
transcranial direct current stimulation) boost the therapeu-
tic effects? And fifth, what type of BCS participant would 
benefit the most from SOP training. Cancer treatment, 
radiation or chemotherapy, may exert different effects on 
brain health and could impact how effective SOP training 
may be. Likewise, background characteristics of age, edu-
cation, income, personality traits (ie, openness, neuroti-
cism) and computer experience could also impact 
adherence to SOP training. Furthermore, cancer treatments 
themselves may even reduce depression and anxiety as 
observed in a study with aromatase inhibitor treatment;83 

coordination of cancer treatments with SOP training may 
also produce a variety of treatment outcomes.

Despite the potential for SOP training to address 
several issues already identified in BCS, no large scale 
study has been conducted in BCS or any other cancer 
survivors. This approach represents an innovative and 
novel approach in which it may not only improve 

cognitive functioning, but simultaneously improve 
everyday functioning and quality of life.
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