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Abstract

Purpose Cognitive changes are common among breast
cancer survivors. There is limited evidence to guide manage-
ment of cognitive changes. This randomized controlled pilot
evaluated the preliminary efficacy of a speed of processing
(SOP) training among middle-aged and older breast cancer
survivors.

Methods Sixty breast cancer survivors with self-reported
cognitive changes were recruited to the SOAR study. Partici-
pants were randomized to either a home-based SOP training
(n = 30) or no-contact control group (r = 30). Primary out-
comes were SOP (Useful Field of View Test®), and execu-
tive function (NIH Toolbox Cognition Battery). Neuropsy-
chological assessments were completed at baseline, 6 weeks,
and 6 months post study entry. Data were analyzed using
repeated measures ¢ tests, analysis of covariance, and sen-
sitivity analyses.
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Results SOP training resulted in improvement in objec-
tive measures of SOP and executive function. Immediate
(6 week) posttest and 6-month follow-up demonstrated
large SOP training effects over time. Large representation
of African American women (51.2%) and 96% retention in
the SOAR study add to study strengths.

Conclusion Home-based SOP training shows promise for
remediating cognitive changes following breast cancer treat-
ment, particularly improved SOP, and executive function.
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Background

Breast cancer is primarily a disease of aging with approxi-
mately 66.4% of newly diagnosed cases occurring in women
over the age of 55 years [1]. Advances in treatment have led
to excellent survival and life expectancy of 20 years or more
after completing treatment [2]. Unfortunately, successfully
treated aging women with breast cancer are not necessarily
living better. Cognitive deficits are one of the more troubling
late effects of treatment with incidence ranging from 21 to
90% [3, 4]. Increasing evidence indicates cognitive deficits
occur primarily in speed of processing (SOP) as well as in
the domains of memory, attention, and executive function-
ing [5].

Evidence from the cognitive neuroscience literature
clearly demonstrates that various types of computerized
cognitive training protocols are effective in improving cog-
nitive functioning in a number of cognitive domains among
multiple patient populations [6]. In the ACTIVE Study, the
largest study of cognitive training in community-dwelling
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older adults (N = 2802), participants were randomized to
receive 10 h of training in one of three domains, SOP, execu-
tive functioning, or memory [5]. All three groups demon-
strated improvement on tasks in the domain of their training.
Of the three cognitive training protocols, SOP training had
the most robust therapeutic gains and also improved other
outcomes such as everyday functioning, driving ability and
driving safety, and quality of life indicators. Accumulating
data from the ACTIVE Study indicate that cognitive train-
ing, specifically SOP training, helps older adults to age bet-
ter cognitively, even 10 years after receipt of training [7].
Since this intervention works well in older adults [8], such
targeted cognitive training may be of value for older breast
cancer survivors (BCS) [9, 10].

Breast cancer survivors (BCS) have a high incidence of
impairment on neurocognitive tests of SOP [10, 11]. Even
subtle SOP deficits can disrupt other cognitive domains
such as memory and attention, thus impeding everyday
functioning at work and home [11]. Fortunately, a commer-
cial SOP training intervention, performed either at home
or in a clinical setting, has demonstrated improvement in
the rate at which healthy older adults process information
[12]. In an integrative review of 21 cognitive interventions
with BCS, Vance and colleagues [9] found only one study
used SOP training. In that study, with a predominantly Cau-
casian sample (n = 72; 88%), Von Ah and colleagues [11]
observed that 10 h of SOP training was effective in improv-
ing speed of processing as well as memory over a 2-month
period. Participants completed the SOP training in small
groups in a university setting. Building on the findings, the
current study investigated whether a home-based, computer-
ized SOP training intervention would improve cognition in a
more racially diverse sample of middle-aged and older BCS
over a 6-month period. Furthermore, given the geographic
location in the Deep South, the authors anticipated a higher
percentage of African American BCS participation than is
typical in many studies of cognition in BCS.

Methods

The Speed of Processing in Middle-Aged and Older Breast
Cancer Survivors (SOAR) Study was conducted at the Uni-
versity of Alabama at Birmingham (UAB). The research
protocol was approved by the UAB Institutional Review
Board (IRB).

Study eligibility
Inclusion criteria consisted of the following: breast cancer
diagnosis, > 21 years of age, English speaking, > 6 months

post primary breast cancer treatment, and having computer
and internet connection access. Exclusion criteria consisted
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of the following: stage IV metastatic breast cancer, sig-
nificant neuro-medical comorbidities (e.g., schizophrenia,
epilepsy, bipolar disorder, post-traumatic stress syndrome,
Alzheimer’s disease or related dementias; AIDS-related
dementia; diagnosis of mental handicap; diagnosis of meta-
static breast cancer), or conditions that could impact cog-
nitive functioning or testing (e.g., currently enrolled in a
residential substance abuse treatment, legally blind or deaf,
currently undergoing radiation or chemotherapy, and a his-
tory of brain trauma with a loss of consciousness greater
than 30 min).

Procedures

BCS were recruited via several methods including: flyer
announcements at the local cancer center outpatient depart-
ment, community and advocacy events geared towards BCS,
and word of mouth. Interested BCS provided their names
and contact information to study personnel. Those wishing
to participate were first screened for study eligibility using a
telephone screening tool. Eligible BCS received a welcome
packet and a copy of the informed consent via mail. The
welcome packet allowed participants ample time to consider
participation and to complete the self-report questionnaires.
Next, participants were scheduled for an in-person appoint-
ment to give written informed consent and to undergo objec-
tive cognitive function testing (i.e., computerized neuropsy-
chological assessment).

All neuropsychological assessments was conducted
at the UAB Edward R. Roybal Center for Translational
Research on Aging and Mobility and were administered by
trained research staff. The neuropsychological assessments
included: the Useful Field of View Test and the NIH Tool-
box Cognition Battery. Upon completion of the neuropsy-
chological assessments, participants were randomly assigned
to either a home-based SOP training group (n = 30) or a no-
contact control group (n = 30). The same neuropsychologi-
cal assessments was administered immediately post inter-
vention (roughly 6-8 weeks after baseline) and at a 6-month
follow-up. All participants were compensated $50 for each
of the three data collection visits completed. In addition,
intervention participants received $20 for each hour of 10 h
of SOP training completed.

SOAR intervention

Participants accessed the SOP training using their home
computer as trained by the research associate. The SOP
training used the commercially available “Double Deci-
sion” program (www.BrainHq.com) originally developed
as part of the ACTIVE Study and then refined over time
[12]. This program systematically reduces the stimulus
duration during a series of progressively more difficult
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information-processing tasks presented via computer. Dur-
ing training, participants were evaluated on their level of
proficiency (speed and accuracy) on the “Double Decision”
task, which involves identifying a central target (either a
car or a truck) and noticing where a peripheral target was
located in conditions with varying degrees of difficulty
(i-e., increased distractors in the periphery or the addition
of another central target). The exercises automatically adjust
to user performance to maintain a 75% correct rate during
the training session in order to promote motivation and a
sense of accomplishment for participants.

Participants in the intervention group were instructed to
complete 2 h of SOP training per week for a total of 10 h
within 6-8 weeks. Participants also received weekly con-
tact via their preferred method (i.e., telephone call, text, or
email) to remind them about their SOP training.

Sociodemographic and cancer treatment assessment

The investigators used a sociodemographic and cancer treat-
ment questionnaire consisting of 20 items including: age,
race, education, marital status, employment status, and fam-
ily income. Cancer treatment items included type of surgery,
chemotherapy, radiation therapy, endocrine therapy, time in
survivorship months, surgery type, treatment type, weight
gain, and use of support.

Neurocognitive assessment
Useful field of view (UFOV®) test

The UFOV® Test is a measure of visual SOP [13] admin-
istered via a touch-screen computer and described in detail
elsewhere [14]. Briefly, the UFOV® Test consists of four
increasingly difficult subtests designed to assess visual SOP
under demands of focused attention (subtest 1), divided
attention (subtest 2), and selective attention (subtests 3 and
4). Each subtest score denotes the displayed duration, in mil-
liseconds, of the visual stimuli, wherein 75% accuracy was
attained. The total score (sum of subtests 1—4) ranges from
68 to 2000 ms, with a lower score indicating a faster SOP.

NIH Toolbox Cognition Battery (NIHTB-CB)

The NIHTB-CB is a brief (~ 30 min) comprehensive com-
puterized cognitive assessment, described in detail else-
where [15]. The battery includes cognitive tests of execu-
tive function (Flanker, Dimensional Card Change Sorting),
attention (Flanker), episodic memory (Picture Sequence
Memory Test), language (Picture Vocabulary Test, Oral
Reading Recognition Test), SOP (Pattern Comparison Test),
and working memory (List Sorting Test). Given the nature
of the intervention, language measures were not examined

as outcomes in the current study. The NIHTB-CB generates
raw, computed, and uncorrected scaled scores. Consistent
with NIHTB-CB recommendations for examining change,
this study used raw scores for the List Sorting Test and Pat-
tern Comparison Test and computed scores for all other
measures [16].

Adherence

In line with the ACTIVE Study [6], those who com-
pleted > 8 h of cognitive training were considered adherent
to SOP training. The online program (www.BrainHQ.com)
automatically recorded and stored time and date, perfor-
mance, and the duration of each training session.

Statistical analyses

All data were analyzed using SPSS V-23. The significance
level was set at 0.05 and was not adjusted for multiple com-
parisons because this was a pilot study. Preliminary analyses
was conducted to examine whether there were any group dif-
ferences between sociodemographic characteristics, cancer
treatment, and survivorship characteristics using ¢ tests or
Pearson’s Chi square tests when appropriate. T-tests were
used to confirm that the two conditions did not differ on
baseline performance on the cognitive variables. Repeated
measures t-tests were conducted for each cognitive outcome
separately within each condition. Confirmatory analysis
of covariance (ANCOVA) were conducted controlling for
baseline performance for each of the cognitive outcomes
to determine whether there was a main effect of condition.
Finally, repeated measures analysis of variance (ANOVA)
were conducted as sensitivity analyses to the prior analyses
to examine the group X time interaction. Cohen’s D effect
sizes were calculated on pre-post difference scores (i.e.,
baseline to 6 week, and baseline to 6 month follow-ups)
between the conditions for each cognitive measure; we used
the range for Cohen’s D of small effect size as 0.2, medium
effect size as 0.5, and large effect size as 0.8 [17].

Results
Study sample

Sixty female BCS enrolled between June 2015 and Octo-
ber 2016 (see Fig. 1). All completed baseline assess-
ment. As seen in Table 1, the mean age of the sample was
54.6 years (SD = 10 years). Nearly 52% (n = 31) were
African American, and 47% were married (n = 27). More
than 38% (n = 23) reported being retired or disabled; and
more than 96% (n = 58) had health insurance. (See Table 1).
Overall, participants in both groups were well-matched on
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Fig.1 SOAR study consort

CONSORT

Declined=8 |

Assessed for
Eligibility (n=109)

/| Ineligible=10 |

Excluded (n=49)

F ]
c
]
E
° Unable to contact:
E 31
w BL pending: 0
Randomized
(n=60)
Experimental Control
£ (n=30) (n=30)
2
[}
(3]
o
<
Experimental Control
Immediate post: 29 Immediate post: 27*
a
ol
3
o
A Experimental Control
Month 6: 29 Month 6: 28
Experimental Control
2 Analyzed Analyzed
T>°~ (n=29) (n=28)
c
<

*1 participant did not complete immediate post test but was reached

for 6 month follow-up

demographic variables with the exception that the SOP train-
ing group had significantly more married participants and a
significantly greater mean number of cohabitants.

As seen in Table 2, regarding survivorship and cancer
treatment characteristics, the mean number of years of sur-
vivorship was 5.8 years (SD = 5.5 years), and the mean
time since completion of cancer treatment was 4.7 years
(SD = 5.6 years). More than 73% received support services
for cancer treatment. Only one significant difference was
found for treatment, with the SOP training group having a
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higher number of participants undergoing radiation therapy.
(See Table 2). Study completion by group was 96% for the
SOP training and 93% for the no-contact control.

Primary analysis

There were no significant differences between the two
groups on any of the cognitive measures at baseline (all p
values > 0.05). As seen in Table 3, repeated measures t-tests
revealed that from baseline to posttest 1, the control group
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Table 1 Sociodemographic Characteristics (N = 60)
Variable Total (N = 60) Control (n = 30) Intervention (n = 30) P
Mean (SD) range n (%) Mean (SD) range n (%) Mean (SD) range n (%)
Age 54.67 (10) 55.65 (9.9) 53.69 (10) 0.45
Race
African American 31 (51.7%) 15 (50%) 16 (53.3%) 0.80
Caucasian 29 (48.3%) 15 (50%) 14 (46.7%)
Years of education 15.28 (2.7) 15.47 2.4) 15.10 (2.9) 0.60
Marital status
Married 27 (45%) 9 (15%) 18 (60%) 0.02
Not married 11 (24.4%) 5(16.7%) 6 (20%)
Divorced/widowed 22 (36.6%) 16 (53.3%) 6 (20%)
Number of cohabitants 1.2 (1.2) 2.1(1.5) 0.01
Employment status
Employed 31 (51.7%) 17 (56.7%) 17 (56.7%) 0.61
Unemployed 6 (10%) 2 (6.7%) 4 (13.3%)
Retired/disabled 23 (38.3%) 11 (36.6%) 12 (40%)
Family income
<$30,000 14 (23.3%) 7 (23.3%) 7(23.3%) 0.50
>$30,000 37 (61.7%) 20 (66.7%) 17 (56.7%)
Do not care to respond 7 (11.7%) 3 (10%) 4 (13.3%)
Missing 2 (3.3%) 0 2 (6.7%)
Health insurance
Insured 58 (96.7%) 29 (96.7%) 29 (96.7%) 1
Not insured 2 (3.3%) 1(3.3%) 1(3.3%)
p values in bold text are indicative of significance at p < 0.05
Table 2 Cancer treatment and survivorship characteristics (N = 60)
Variable Total (N = 60) Control (n = 30) Intervention (n = 30) P
Mean (SD) n (%) Mean (SD) n (%) Mean (SD) n (%)
Survivorship years 5.8 (5.5) 6.2 (5.4) 5.3(.7) 0.53
Chemotherapy
Yes 51 (85%) 25 (83.3%) 26 (86.7%) 0.72
No 9 (15%) 5(16.7%) 4 (13.3%)
Radiation
Yes 39 (65%) 15 (50%) 24 (80%) 0.02
No 21 (35%) 15 (50%) 6 (20%)
Anti-hormonal medication
Yes 28 (46.7%) 14 (46.7%) 18 (60%) 0.30
No 32 (53.3%) 16 (53.3%) 12 (40%)
Time since treatment comple- ~ 4.71 (5.58) 4.9 (5.4) 4.5 (5.8) 0.77
tion (years)
Support services used
Yes 44 (73.3%) 23 (76.7%) 21 (70%) 0.56
No 16 (26.7%) 7 (23.3%) 9 (30%)

p values in bold text are indicative of significance at p < 0.05

improved on three cognitive outcomes (UFOV® subtests 2
and 4, and the total UFOV® score), while the intervention

condition improved on six cognitive outcomes (NIH Tool-
box SOP, and executive function, and UFOV® subtests 2,
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3, 4, and the total UFOV® score). Analyses for baseline to
posttest 2 showed that the control group improved on six
measures (NIH Toolbox SOP and episodic memory, and
UFOV® subtests 2, 3, 4 and the total UFOV® score). The
SOP training group improved on seven measures from base-
line to posttest 2 (NIH Toolbox SOP, episodic memory, and
executive function, and UFOV® subtests 2, 3, 4 and the total
UFOV® score).

ANCOVAs controlling for baseline performance on
each of the cognitive outcomes were conducted, with group
assignment as our independent variable of interest. Given
that there were no group differences on any variables that
may have substantially influenced cognitive performance
(i.e., race, age, or education) and the small sample size in
this pilot study, no additional covariates were entered beyond
baseline performance on each of the measures.

ANCOVA results were similar to repeated measures ¢ test
results. For baseline to posttest 1, main effects were found
in NIH Toolbox episodic memory, and UFOV® subtests 2
and 3, with the intervention group demonstrating greater
improvement on these measures (except for episodic mem-
ory in which the control group actually decreased in per-
formance). From baseline to posttest 2, main effects were
found for the intervention group on NIH Toolbox executive
function and UFOV® subtest 4 and the UFOV®.

Given that results may have been obscured by only exam-
ining statistical significance, effect sizes were examined. Our
effect size analyses (Cohen’s Ds) revealed from baseline to
posttest 1, small to medium effects for NIH Toolbox working
memory and executive function; medium to large effects for
NIH Toolbox episodic memory and UFOV® subtest 3; and
a large effect for UFOV® total. From baseline to posttest
2, small to medium effects were found for UFOV® subtest
3, and UFOV® total; and medium to large effects for NIH
Toolbox executive function and UFOV® subtest 4.

Sensitivity analyses (repeated measures ANOVA exam-
ining group X time interaction) were generally consistent
with the previous ANCOVAs with the following exceptions:
a group X time interaction was not found for UFOV® sub-
test 2 from baseline to posttest 1 or for the UFOV® total
from baseline to posttest 2. Furthermore, the group X time
interaction for NIH Toolbox episodic memory approached
significance (p = 0.05).

Finally, while the SOP training group trained an average
of 7.40 h (standard deviation = 3.92; range 0—14 h), a post
hoc analysis was examined to determine whether adherence
to the intervention influenced our models. The prior repeated
measures ANOVAs were re-conducted in a subset of par-
ticipants who were the most adherent [i.e., completed more
than 8 h of training (n = 17)]. Results were largely consistent
with prior analyses in the full sample. We found significant
group X time interactions from baseline to posttest 1 for:
UFOV® subtest 3 and trends (p <0.10) for UFOV subtest 4,

NIH Toolbox working memory, and episodic memory. From
baseline to posttest 2, significant group X time interactions
were found for NIH Toolbox executive function and UFOV®
subtest 4, and trends (p < 0.10) for NIH Toolbox SOP.

Discussion

Cognitive changes are commonly reported among cancer
survivors. There is preliminary evidence that computerized
cognitive training programs improve cognitive functioning
in cancer survivors [11]. However, little is known about the
efficacy of this training in the home and in more racially
diverse populations. This randomized controlled pilot study
evaluated the preliminary efficacy of a home-based SOP
intervention, in a racially diverse group of breast cancer
survivors living in the Deep South.

The findings were similar to Von Ah et al., in that the SOP
training group demonstrated greater improvements in SOP
as well as episodic memory compared to the no-contact con-
trol group [11]. Findings extend the Von Ah et al. study by
demonstrating that these training gains can occur when the
SOP training is completed in the participants’ home rather
than in a research laboratory setting. In Von Ah’s study, 12%
of the participants were African American, whereas over
50% of SOAR Study participants were African American.
In the SOAR Study, the SOP training was well-tolerated and
beneficial for African American BCS. Finally, the SOAR
Study examined participants over a longer follow-up period
(6 months versus 2 months post intervention) and therefore
is able to demonstrate SOP training benefits over a longer
period of time.

SOP training has been shown to improve not only SOP
and episodic memory, but also improve everyday functions
such as driving ability [18]. Furthermore, prior studies
have demonstrated that SOP-related improvements trans-
fer to clinically significant improvements in other health-
related quality of life outcomes [19]. For example, using
the ACTIVE Study, Ross and colleagues [18] found that,
compared to a no-contact control group and a memory train-
ing group that served as an active control, SOP training was
effective in protecting driving maintenance and driving fre-
quency and exposure over a 5-year period. For BCS who are
aging, such SOP may be protective of their driving ability.
In the ACTIVE Study, other benefits of SOP were observed
over time such as protection from depression [20] as well
as improved self-rated health [21], health-related quality of
life [19], and locus of control [21]. Thus, SOP may be con-
sidered as an adjuvant treatment for symptom management
in BCS. Future studies of SOP with BCS should consider
these other effects.
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Future research should also consider dosage as an impor-
tant component of therapeutic benefit. In a meta-analysis of
52 domain-specific cognitive training studies with healthy
older adults, Lampit and colleagues [22] observed that a
therapeutic dose between 10 and 20 h of training may be
ideal. More than 20 h of cognitive training may actually
yield less therapeutic gain, possibly due to boredom or
fatigue. Yet, as exhibited in the ACTIVE Study, booster ses-
sions of cognitive training tended to yield beneficial gains.
A future direction should consider whether 10 vs 20 h of
SOP training would produce a better or worse therapeutic
benefit to participants [23]; in fact, such an approach is being
examined in another clinical population of older adults with
HIV [24].

Finally, in the same meta-analysis described above,
Lampit and colleagues [22] found that when pooling the
effect sizes of all of the 52 cognitive training studies,
the SOP training studies yielded the highest effect size
(g = 0.31) compared to attention training (g = 0.024) and
others. Again, using the ACTIVE Study, compared to the no-
contact control group, Edwards and colleagues [23] found
those who received the SOP training had a 33% reduction in
dementia over a 10-year period. A longitudinal study may
find that such training may be of similar benefit with BCS
as they age.

Study limitations and strengths

All studies have strengths and limitations, and this study is
no exception. As for limitations, this study has three. First,
although an initial sample size of 30 participants in each
group clearly satisfies central limit theorem needed for the
statistical analyses performed in this study, the sample size
limits the generalizability of the findings. Additionally, all
participants were from only one geographic location, which
further limits generalizability. Second, a number of statisti-
cal analyses were conducted in this study but were not cor-
rected for alpha inflation; however, a pilot study with such a
small sample size usually does not correct for alpha inflation
because such procedures tend to be too restrictive. Thirdly,
although this study did have a no-contact control group, it
did not control for computer exposure or staff contact. A pre-
vious study showed that a no-contact control group served as
a sufficient control group in a study examining SOP in older
adults with HIV [25]. In fact, another SOP training study
in community-dwelling older adults used both a no-contact
control group and a contact control (sham) group as a com-
parison to the active intervention; the two control groups did
not significantly differ from each other and both served as
an excellent comparison to the cognitive intervention [25].
Albeit, future studies should support the inclusion of a true
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contact control (sham) condition that also controls for social
contact with study staff and computer exposure.

Likewise, this study has four main strengths. First, this
sample has excellent representation of African American
women (51.7%) as well as Caucasian women (48.3%). In that
regard, this study is one of the few BCS cognitive interven-
tions with a large proportion of minority women. Secondly,
significant results were found, despite a small sample size,
which highlights the magnitude of the effect size of the treat-
ment. Third, for a pilot study, the added feature of having an
immediate posttest and a 6-month follow-up was unique in
providing novel data to determine whether the intervention
was robust over time. Fourth, the attrition rate for this study
was remarkably low (5%) after 6 months, which suggests
that that the intervention was well-tolerated.

Acknowledgements The authors gratefully acknowledge the follow-
ing support for this project, Center for Translational Research on Aging
and Mobility, Edward R. Roybal Center Project (P30 AG022838; Ball:
PI; Meneses Pilot PI).

Funding Dr. Bail was supported by an American Cancer Society
Doctoral Degree Scholarship in Cancer Nursing (DSCN-16-066-
01) and Susan G. Komen Graduate Training in Disparities Research
(GTDR 15329376). Dr. Triebel was supported by the American Cancer
Society (MRSG-14-204-01). Dr. Vance was supported by NIH grants
from NIMH (5ROIMH106366-02) and NINR (1IR21NR016632-01).
Jacqueline B. Vo was supported by the Robert Wood Johnson Founda-
tion Future of Nursing Scholars Program (#72592), Susan G. Komen
Graduate Training in Disparities Research (GTDR15329376), and
an American Cancer Society Doctoral Degree Scholarship in Can-
cer Nursing (DSCN-17-076-01). Dr. Wheeler was supported by the
National Institute on Aging (R0O0 AG048762).

Compliance with ethical standards

Conflict of interest Dr. Vance has served as a paid consultant for
Posit Science, Inc.; the software used for the SOP training in this study.
All other authors declare no conflict of interest.

Open Access This article is distributed under the terms of the
Creative Commons Attribution 4.0 International License (http://crea-
tivecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give appro-
priate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made.

References

1. Howlander N, Noone AM, Krapcho M., Miller D, Bishop K,
Kosary CL, Yu M, Ruhl J, TatalovichZ, Mariotto A, Lewis DR,
Chen HS, Feuer EK. Cronin KA (eds.). SEER cancer statistics
review, 1975-2014. National Cancer Institute https://seer.cancer.
gov/cst/1975_2014/. Accessed 7 Sept 2017

2. American Cancer Soociety (2017) Cancer treatment and survivor-
ship facts and figures. American Cancer Society, Atlanta

3. Frank JS, Vance DE, Jukkala A, Meneses KM (2014) Attention
and memory deficits in breast cancer survivors: implications for


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://seer.cancer.gov/csr/1975_2014/
https://seer.cancer.gov/csr/1975_2014/

Breast Cancer Res Treat (2018) 168:259-267

267

10.

11.

12.
13.

14.

nursing practice and research. J Neurosci Nurs 46(5):274-284.
https://doi.org/10.1097/JNN.0000000000000078

Jansen CE, Cooper BA, Dodd MJ, Miaskowski CA (2011) A
prospective longitudinal study of chemotherapy-induced cog-
nitive changes in breast cancer patients. Support Care Cancer
19(10):1647-1656. https://doi.org/10.1007/s00520-010-0997-4
Ball K, Berch DB, Helmers KF, Jobe JB, Leveck MD, Marsiske
M, Morris JN, Rebok GW, Smith DM, Tennstedt SL, Unverzagt
FW, Wills SL (2002) Effects of cognitive training interven-
tions with older adults: a randomized controlled trial. JAMA
288(18):2271-2281

Vance DE, Fazeli PL, Ross LA, Wadley VG, Ball KK (2012)
Speed of processing training with middle-age and older adults
with HIV: a pilot study. J Assoc Nurses AIDS Care 23(6):500—
510. https://doi.org/10.1016/j.jana.2012.01.005

Ball KK, Ross LA, Roth DL, Edwards JD (2013) Speed of pro-
cessing training in the ACTIVE study: how much is needed and
who benefits? ] Aging Health 25(8S):65S-84S

Vance DE (2009) Speed of processing in older adults: a cognitive
overview for nursing. J Neurosci Nurs 41(6):290-297. https://doi.
org/10.1177/0898264312470167

Vance DE, Frank JS, Bail J, Triebel K, Niccolai L, Gertenecker
A, Meneses K (2017) Interventions for cognitive deficits in
breast cancer survivors treated with chemotherapy. Cancer Nurs
40(1):E11-E27. https://doi.org/10.1097/NCC.0000000000000349
Bail J, Meneses K (2016) Computer-based cognitive training
for chemotherapy-related cognitive impairment in breast can-
cer survivors. Clin J Oncol Nurs 20(5):504-509. https://doi.
org/10.1188/16.CJON.504-509

Von Ah D, Carpenter JS, Saykin A, Monahan P, Wu J, Yu M,
Rebok G, Ball K, Schneider B, Weaver M, Tallman E, Unev-
erzagt F (2012) Advanced cognitive training for breast cancer
survivors: a randomized controlled trial. Breast Cancer Res Treat
135(3):799-809. https://doi.org/10.1007/s10549-012-2210-6
BrainHgq. Posit Science. Available at www.brainhq.com, 2016
Ball KK, Beard BL, Roenker DL, Miller RL, Griggs DS (1988)
Age and visual search: expanding the useful field of view. J Opt
Soc Am A 5(12):2210-2219

Edwards JD, Ross LA, Wadley VG, Clay OJ, Crowe M, Roenker
DL, Ball KK (2006) The useful field of view test: normative data
for older adults. Arch Clin Neuropsychol 21:275-286. https://doi.
org/10.1016/j.acn.2006.03.001

. Weintraub S, Dikmen SS, Heaton RK, Tutsky DS, Aelazo PD,

Bauer PJ, Carlozzi NE, Slotkin J, Blitz D, Wallner-Allen K,
Fox NA, Beaumont JL, Mungas D, Nowinski CJ, Richler J,

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Deocampo JA, Anderson JE, Manly JJ, Borosh B, Havlik R, Con-
way K, Edwards E, Freund L, King JW, Moy C, Witt E, Ger-
shon RC (2013) Cognition assessment using the NIH Toolbox.
Neurology 80(11 Suppl 3):S54-S64. https://doi.org/10.1212/
WNL.0b013e3182872ded

Slotkin J, Nowinski C, Hays R, Beaumont J, Griffith J, Magasi S,
Salsman J, Gershon R (2012) NIH Toolbox scoring and interpreta-
tion guide. National Institutes of Health, Washington (DC)
Cohen J (1988) Statistical power analysis for the behavioral sci-
ences, 2nd edn. Lawrence Earlbaum Associates, Hillsdale

Ross LA, Edwards JD, O’Connor M, Ball KK, Wadley VG, Vance
D (2016) The transfer of cognitive speed of processing training to
older adults’ driving mobility across 5 years. J Gerontol B Psychol
Sci Soc Sci 71(1):87-97. https://doi.org/10.1093/geronb/gbv022
Wolinsky FD, Unverzagt FW, Smith DM, Jones R, Stoddard A,
Tennestedt AL (2006) The ACTIVE cognitive training trial and
health-related quality of life: protection that lasts for 5 years. J
Gerontol A Biol Sci Med Sci 61(12):1324-1329

Wolinsky FD, Vander Weg MW, Unverzagt FW, Ball KK, Jones
RN, Tennstedt SL (2009) The effect of speed-of-processing train-
ing on depressive symptoms in ACTIVE. J Gerontol A Biol Sci
Med Sci 64(4):468-472. https://doi.org/10.1093/gerona/gln044
Wolinsky FD, Vander Weg MW, Martin R, Unverzagt FW, Willis
SL, Marsiske M, Rebok GW, Morris JN, Ball KK, Tennstedt SL
(2010) Does cognitive training improve internal locus of control
among older adults?. J Gerontol B Psychol Sci Soc Sci 65(5):591—
598. https://doi.org/10.1093/geronb/gbp117

Lampit AH, Hallock H, Valenzuela M (2014) Computerized
cognitive training in cognitively healthy older adults: a system-
atic review and meta-analysis of effect modifiers. PLoS Med
11(11):e1001756. https://doi.org/10.1371/journal.pmed.1001756
Edwards JD, Xu H, Clark D, Ross LA, Unverzagt F (2016) The
ACTIVE study: what we have learned and what is next? Cognitive
training reduces incident dementia across ten years. Alzheimer’s
& Dementia 12(7):212

Vance DE, Fazeli P, Shacka J, Nicholson W, McKie P, Raper J,
Azuero A, Wadley V, Ball KK (2017) Testing a computerized
cognitive training protocol in adults aging with HIV-associated
neurocognitive disorders: randomized controlled trial rationale
and protocol. JMIR Res Protoc 6(4):e68. https://doi.org/10.2196/
resprot.6625

Wadley VG, Benz RL, Ball KK, Roenker DL, Edwards JD, Vance
DE (2006) Development and evaluation of home-based speed-
of-processing training for older adults. Arch Phys Med Rehabil
87(6):757-763. https://doi.org/10.1016/j.apmr.2006.02.027

@ Springer


https://doi.org/10.1097/JNN.0000000000000078
https://doi.org/10.1007/s00520-010-0997-4
https://doi.org/10.1016/j.jana.2012.01.005
https://doi.org/10.1177/0898264312470167
https://doi.org/10.1177/0898264312470167
https://doi.org/10.1097/NCC.0000000000000349
https://doi.org/10.1188/16.CJON.504-509
https://doi.org/10.1188/16.CJON.504-509
https://doi.org/10.1007/s10549-012-2210-6
http://www.brainhq.com
https://doi.org/10.1016/j.acn.2006.03.001
https://doi.org/10.1016/j.acn.2006.03.001
https://doi.org/10.1212/WNL.0b013e3182872ded
https://doi.org/10.1212/WNL.0b013e3182872ded
https://doi.org/10.1093/geronb/gbv022
https://doi.org/10.1093/gerona/gln044
https://doi.org/10.1093/geronb/gbp117
https://doi.org/10.1371/journal.pmed.1001756
https://doi.org/10.2196/resprot.6625
https://doi.org/10.2196/resprot.6625
https://doi.org/10.1016/j.apmr.2006.02.027

	Speed of processing training in middle-aged and older breast cancer survivors (SOAR): results of a randomized controlled pilot
	Abstract 
	Purpose 
	Methods 
	Results 
	Conclusion 

	Background
	Methods
	Study eligibility
	Procedures
	SOAR intervention
	Sociodemographic and cancer treatment assessment

	Neurocognitive assessment
	Useful field of view (UFOV®) test
	NIH Toolbox Cognition Battery (NIHTB-CB)

	Adherence
	Statistical analyses

	Results
	Study sample
	Primary analysis

	Discussion
	Study limitations and strengths
	Acknowledgements 
	References




