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Abstract
Purpose To evaluate the acceptability, satisfaction, and preliminary efficacy of cognitive training for improving cognitive 
function and health outcomes in breast cancer survivors (BCS).
Patients and methods BCS enrolled in this 2-group randomized, double-masked controlled trial of cognitive training. Pri-
mary outcomes included the acceptability and satisfaction of the interventions. Secondary outcomes included examining 
the effect size and reliable improvement of perceived cognitive function and health outcomes, including work ability, health 
perception (status and change), and quality of life. Exploratory outcomes were performance on neuropsychological tests and 
plasma levels of brain-derived neurotropic factor (BDNF). Data were collected at baseline and immediately post-intervention. 
Using ANCOVA models, the intervention was compared to attention control while adjusting for covariates and baseline 
values. The effect sizes for differences in means and the reliable improvement percentage were reported.
Results Thirty-six BCS completed the study and were on average 57.6 (SD = 8.0) years old, 59.4% Caucasian, and had some 
college education (74.5%). Both programs were reported to be satisfactory and acceptable. Non-significant small effect sizes 
were noted for the intervention on cognitive abilities (d = 0.26) and cognitive concerns (d =  − 0.32), with reliable improve-
ment noted in 32% and 28% of BCS, respectively. Small to medium effect sizes were noted in improvement in work ability 
(d = 0.37) and health perception status (d = 0.30) and change (d = 0.60, p < 0.05).
Conclusions Cognitive training was acceptable to BCS and resulted in improvement in perceived cognitive function and 
perceptions of “real-world” health benefits. A larger randomized controlled trial is warranted to determine its effectiveness 
for objective cognitive performance.
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Introduction

Cancer-related cognitive impairment (CRCI) in breast 
cancer survivors (BCS) has been well-documented as a 
late and long-term effect of cancer and its treatment [1]. 
In fact, up to 75% of BCS report cognitive concerns [2–4] 
which have also been documented on neuropsychological 
exam [5]. Most importantly, CRCI has been shown to have 
ramifications for everyday life. Researchers have shown 
that CRCI is disruptive for BCS in their ability to work [6, 
7], perceptions of health, and overall quality of life [2, 8]. 
This has made identifying a satisfactory and efficacious 
treatment option imperative.

Cognitive training interventions have shown some 
promise in recent studies and may be a viable treat-
ment option [9, 10]. In a recent review, Fernandes and 
colleagues (2019) noted that cognitive rehabilitation 
approaches for CRCI, including cognitive training, 
resulted in improvements in at least one cognitive measure 
(self-report or performance-based testing) [9]. Although 
these findings suggest the importance of cognitive train-
ing, these trials have been limited by designs using usual 
care [11] or wait-list control comparators, which fail to 
address placebo effects [12, 13]. Thus, these trials have 
failed to assess the acceptability, satisfaction, and pre-
liminary efficacy of cognitive training compared to active 
attention control on cognitive outcomes. In addition, these 
trials have failed to fully examine transfer effects on “real-
world” or “everyday” implications such as impact on self-
rated work ability, health perceptions, and quality of life. 
Previous studies in the well elderly however have noted 
improvements in self-rated health [14] and quality of life 
[15]. For cognitive training to be fully evaluated in BCS, 
research is needed to not only examine direct effects on 
cognitive function but also assess transfer effects of train-
ing on everyday functioning (work ability) and health per-
ception [9].

Therefore, the purpose of this pilot study was to evalu-
ate the acceptability, satisfaction, and preliminary efficacy 
(effect sizes) of cognitive training versus active attention 
control for improving perceived cognitive function and 
“real-world” health outcomes in BCS. Primary outcomes 
included the acceptability and satisfaction with delivering 
the intervention remotely for both the intervention (com-
puterized cognitive training) and active attention control 
(computerized games). Secondary outcomes included 
determining what if any effect cognitive training has on 
perceived cognitive function and health outcomes, includ-
ing work ability, health perception (status and change), 
and quality of life. Finally, exploratory outcomes included 
objective cognitive performance on neuropsychological 
tests of episodic memory, attention and working memory, 

speed of processing, and verbal fluency/executive function 
as well as levels of plasma brain-derived neurotropic factor 
(BDNF), which is related to neuroplasticity and cogni-
tive function [16]. Overall, findings from this study are 
intended to inform a full-scale efficacy trial and advance 
our overarching goal of identifying an effective treatment 
for cognitive impairment in BCS.

Patients and methods

Study design

This double-masked, randomized controlled trial compared 
cognitive training (BrainHQ) to attention control among 
BCS. Outcomes were assessed at baseline (prior to rand-
omization) and post-intervention. The study protocol was 
approved by the Institutional Review Board. Although the 
trial was stopped early due to the interruption caused by the 
COVID-19 pandemic, the study achieved its primary goal to 
examine the acceptability and satisfaction of the cognitive 
training for CRCI in BCS.

Procedure and methods

BCS were recruited from a Midwestern NCI-designated 
Cancer Center and affiliated clinics, direct mailings via 
Cancer Center registry, and advertising through survivorship 
newsletters or local events. Eligible participants were BCS 
who reported concerns regarding their cognitive function-
ing (poor memory, feelings of mental slowness, etc.) and 
were ≥ 21 years of age, ≥ 6 months post-treatment (except for 
anti-estrogen treatment) which included chemotherapy for 
primary non-metastatic breast cancer (stage I–IIIA), disease-
free, and able to understand, speak, read, and write English. 
BCS were excluded if they had a previous diagnosis that 
would impact neuropsychological function (e.g., history of 
stroke, traumatic brain injury, brain surgery, dementia, Alz-
heimer’s disease, or Parkinson’s disease; history of cranial 
radiation therapy or intrathecal therapy).

BCS who consented completed a baseline neuropsycho-
logical assessment, survey questionnaires, and blood draw 
(T1). Subjects were then stratified by age (≤ 50 and ˃ 50) and 
randomly assigned to one of two groups: cognitive training 
(BrainHQ) or attention control (computerized games includ-
ing puzzles and word searches) and were asked to complete a 
total of 40 h of training over 10 weeks. The post-intervention 
assessment occurred immediately after completion of the 
10-week intervention (T2). All assessments were conducted 
in-person in the same manner with repeat neuropsychologi-
cal testing, questionnaires, and blood collected by a trained 
and blinded staff member. Participants received $20 and 

7458 Supportive Care in Cancer (2022) 30:7457–7467



1 3

parking at each data collection visit (total $40) to offset par-
ticipant burden.

Cognitive training intervention versus attention 
control

Cognitive training included the utilization of the commer-
cially available BrainHQ program (Posit Science) [17]. This 
program systematically reduces the stimulus duration during 
a series of progressively more difficult information-process-
ing tasks presented via computer. The exercises automati-
cally adjust to user performance to maintain an 85% correct 
rate. The exercises included time-order judgment, discrimi-
nation, spatial-match, forward-span, instruction-following, 
and narrative-memory tasks [18].

The attention control group was assigned to complete 
online activities via the computer as well. The attention 
control program is a computer-based general cognitive 
stimulation intervention (computerized crossword puzzles) 
that offers a pre-determined set of computerized crossword 
puzzles and word puzzles delivered from the same platform 
and format as the intervention and has been successfully 
used in other NIH-funded cognitive training trials [15]. The 
delivery format, number of sessions, and setting were the 
same as the intervention group.

Outcome measures

All of the outcome measures used in this study are reliable, 
valid, and have been used in BCS population, including our 
previous studies [12]. Cronbach’s alpha for all survey scales 
in this study was 0.77 and above.

Primary outcomes

Acceptability and satisfaction were assessed post-inter-
vention with the 8-item, Likert-based Client Satisfaction 
Questionnaire [12, 19]. BCS were asked to rate items (e.g., 
overall satisfaction, quality of training, etc.) on a 4-point 
scale (total score range 8–32), with higher scores indicating 
greater acceptability and satisfaction.

Secondary outcomes

Perceived cognitive functioning was measured with the 
PROMIS Cognitive Abilities and Cognitive Concerns 
8-item, 5-point Likert scales [20]. The Cognitive Abilities 
Scale items target positive self-assessments of cognitive 
functioning with higher scores indicating better cognitive 
ability. The Cognitive Concerns Scale items are worded neg-
atively and express concerns in the same area with higher 
scores indicating more cognitive concerns.

Health outcomes included work ability, perceptions of 
and changes in health, and quality of life (general mental 
health). Work ability: Work ability was assessed by one item 
from the Work Ability Index (WAI) [21]. This item assessed 
current work ability on a Likert scale from 1 (cannot work at 
all) to 10 (work ability at its best) with higher scores indicat-
ing better work ability. General Health Perception and Qual-
ity of life (general mental health): The Medical Outcomes 
Study-Short-Form Health Survey (SF-36) general percep-
tions of health status subscale was used to measure general 
health perceptions (5 items), changes in general health per-
ception (1-item), and general mental health (5-items), on a 
5-point Likert scale, with higher scores indicating positive 
perceptions of general health and general mental health [22].

Exploratory outcomes

Objective cognitive performance and BDNF

Neuropsychological tests included measures of learning and 
episodic memory (Rey Auditory Verbal Learning Test [Rey 
AVLT] [23] and Rivermead Behavioral Paragraph Recall 
Test [24]), attention and working memory (Digit Span, total 
raw score from the WAIS-III [25]), speed of processing 
(Symbol Digit Modalities Test [SDMT], Oral Response Ver-
sion [26]), and verbal fluency/executive function (Controlled 
Oral Word Association [COWA] Test) [27]. Plasma levels 
of BDNF were measured in duplicate by ELISA (catalog 
number DBD00; R&D Systems, Minneapolis, MN). The 
minimum detectable level of BDNF in this assay is 20 pg/
ml, and the within-assay variation is 4.2% at 1339 pg/ml.

Statistical analysis

Group equivalence on baseline characteristics was tested 
using chi-square tests, Fisher’s exact tests, and Wilcoxon 
rank sum tests. Satisfaction and acceptability scores were 
summarized by group. The Mantel–Haenszel test of linear 
trend was used to compare groups. Neuropsychological tests 
were standardized by pooling scores across time points and 
groups for all subjects using the Blom (rank-based) trans-
formation, producing more normally distributed scores 
[28]. Standard z scores were computed at each time point. 
Separate ANCOVA models were used to test cognitive train-
ing effects compared to attention control on each outcome. 
Models included between-subject treatment along with age, 
education, tamoxifen use, and the baseline value for the out-
come variable. The treatment effect size was computed as 
the difference between model-based adjusted means at post-
intervention divided by the pooled baseline standard devia-
tion. Ninety-five percent confidence intervals of effect size 
were obtained by fitting the model to two thousand bootstrap 
samples obtained by sampling with replacement. The 2.5th 
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and 97.5th percentiles of the distribution of effect size were 
used as confidence interval limits. Ranges for Cohen’s d of 
small effect size as 0.2, medium effect size as 0.5, and large 
effect size as 0.8 were used [29]. Reliable improvement was 
calculated as improvement in performance on a measure 
by at least 1 standard error of measurement (SEM). The 
SEM described generally in Dudek [30] was computed as 
the standard deviation of difference scores (from baseline to 
post-intervention for the attention control group multiplied 
by the square root of 1 minus test–retest (baseline to imme-
diate post-intervention) reliability) for the attention control 
group. There was no missing neuropsychological data and 
less than 0.02% of questionnaire data. Analyses were con-
ducted using SAS 9.4 (SAS Institute Inc, Cary, NC). The 
significance level was not adjusted for multiple comparisons 
because this was a pilot study.

Results

Participants

A total of 36 BCS completed the entire study and were 
included in the analyses. Figure 1 shows the CONSORT 
diagram including information on accrual flow and rea-
sons for attrition. A total of 50 BCS provided consent to 
participate; however, 4 BCS (8%) withdrew before the 
T1 baseline assessment. Reasons for withdrawing prior 
to baseline included time constraints with scheduling the 
baseline assessment (3 BCS) and travel for data collection 
(1 BCS). A total of 46 BCS were randomized to cognitive 
training (22 BCS) and attention control (24 BCS). Study 

completion rates by group were 86% (n = 19) cognitive 
training and 75% (n = 18) attention control. Completion 
rates for in-person T2 assessments were disrupted due to 
COVID-19. Although 18 BCS completed the attention 
control, 1 BCS was eliminated from the data analysis due 
to a reported and documented significant neurological 
diagnosis between T1 and T2, leaving a total of 17 sub-
jects in the analyses.

The overall sample (collapsed across treatment groups) 
consisted of middle-aged (average 57.6 + / − 8.0 years old) 
White (59%) and Black (41%) women who had some college 
education (74.5%). In addition, most had early-stage breast 
cancer (78% stage II or lower) and were long-term survivors 
(average of 6.1 years post-treatment (SD = 4.9)). Most BCS 
had surgery (89%) and chemotherapy (100%) and 83% also 
had radiation therapy. Almost half the subjects (44%) were 
receiving anti-estrogen therapy at the time of this study.

There were no significant group differences at baseline 
in age, race, cancer treatment (including the use of aro-
matase inhibitors), depressive symptoms, anxiety, fatigue, 
sleep disturbance, perceived cognitive abilities and cogni-
tive concerns, or BDNF levels. Education level and tamox-
ifen use were trending toward being significantly different 
between the two groups. We controlled for age and level of 
education, known covariates of cognitive performance, and 
tamoxifen use because endocrine therapy has been shown to 
impact cognitive outcomes in previous research [31]. Most 
of the cognitive tests were also similar except for speed of 
processing (SDMT), with the intervention group perform-
ing significantly worse than the attention control group 
(p = 0.026). Immediate memory (p = 0.073) and delayed 
memory (p = 0.052) on the Rey AVLT were also noted as 

Fig. 1  CONSORT diagram 
RCT cognitive training vs. 
active attention control

50 Enrolled

Completed baseline and 
randomized 46 (T1)

24 Assigned to a�en�on 
control

22 Assigned to 
computerized cogni�ve 

training interven�on

4 Withdrew before baseline
• 3 Time constraints
• 1 Travel for assessment

17 Analyzed

18 Completed (T2) 
immediate post-

interven�on assessment 

19 Analyzed

19 Completed (T2)
immediate post-

interven�on assessment 

3 Did not complete T2
• 2 Illness/CA diagnosis
• 1 Lost to follow-

up/COVID-19 closing

6 Did not complete T2
• 1 Illness
• 5 Lost to follow-

up/COVID-19 closing

1 completed study but 
data excluded due to 
stroke during study

7460 Supportive Care in Cancer (2022) 30:7457–7467



1 3

being marginally different, with the intervention group 
worse than attention control; however, these values were 
accounted for in the statistical analyses by controlling for 
baseline scores in each model (see Table 1).

Primary outcome—satisfaction and acceptability

There was no significant difference in the retention rate 
between the two interventions. The number lost to follow-up 

Table 1  Baseline characteristics of the sample and equivalence across groups (total n = 36)

p < 0.05

Intervention
n = 19 (52.8%)

Control
n = 17 (47.2%)

p-value

Current age Mean ± SD 56.3 ± 9.3 58.8 ± 6.7 0.622
Median (Q1, Q3) 60.0 (48.0, 62.0) 59.0 (57.0, 62.0)

Race Black 7 (36.8) 7 (41.2) 0.774
White 12 (63.2) 10 (58.8)

Highest education Mean ± SD 15.2 ± 1.9 16.5 ± 1.9 0.056
Median (Q1, Q3) 16.0 (14.0, 16.0) 16.0 (16.0, 18.0)

Marital status Since/divorced/widowed 8 (42.1) 4 (23.5) 0.238
Married/partnered 11 (57.9) 13 (76.5)

Stage of breast cancer Stage I 5 (26.3) 4 (23.5) 0.868
Stage II 9 (47.4) 10 (58.8)
Stage III 4 (21.1) 2 (11.8)
Unsure 1 (5.3) 1 (5.9)

Months since cancer diagnosis Mean ± SD 63.7 ± 53.9 84.1 ± 63.1 0.410
Median (Q1, Q3) 46.0 (25.0, 86.0) 55.0 (38.0, 147.0)

Surgery Yes 16 (84.2) 16 (94.1) 0.328
No 3 (15.8) 1 (5.9)

Radiation Yes 17 (89.5) 13 (76.5) 0.391
No 2 (10.5) 4 (23.5)

Tamoxifen use Yes 11 (57.9) 5 (29.4) 0.086
No 8 (42.1) 12 (70.6)

Aromatase inhibitor use Yes 8 (42.1) 10 (58.8) 0.317
No 11 (57.9) 7 (41.2)

Applied cognition abilities Mean ± SD 23.4 ± 6.3 25.7 ± 5.9 0.253
Median (Q1, Q3) 21.0 (18.0, 28.0) 23.0 (22.0, 30.0)

Applied cognition general concerns Mean ± SD 24.1 ± 7.9 20.8 ± 7.4 0.140
Median (Q1, Q3) 26.0 (20.0, 30.0) 20.0 (18.0, 22.0)

Learning and memory—Rey AVLT total—memory Mean ± SD 47.9 ± 8.5 53.4 ± 7.4 0.073
Median (Q1, Q3) 49.0 (43.0, 54.0) 54.0 (50.0, 57.0)

Delayed memory—Rey AVLT delayed memory Mean ± SD 8.4 ± 2.8 10.3 ± 3.0 0.052
Median (Q1, Q3) 8.0 (6.0, 9.0) 11.0 (8.0, 12.0)

Learning and memory—Rivermead immediate memory Mean ± SD 8.3 ± 3.5 9.6 ± 2.7 0.308
Median (Q1, Q3) 7.5 (5.5, 10.5) 9.5 (8.0, 10.0)

Delayed memory—Rivermead delayed memory Mean ± SD 7.5 ± 3.3 8.8 ± 2.8 0.210
Median (Q1, Q3) 7.0 (4.5, 10.5) 9.0 (7.0, 10.5)

Speed of processing—SDMT Mean ± SD 49.9 ± 11.1 57.6 ± 7.4 0.026
Median (Q1, Q3) 51.0 (41.0, 60.0) 55.0 (53.0, 59.0)

Working memory—Digit Span total Mean ± SD 16.1 ± 2.9 17.4 ± 5.0 0.300
Median (Q1, Q3) 15.0 (14.0, 18.0) 17.0 (15.0, 21.0)

Executive function language—COWA Mean ± SD 40.7 ± 10.8 46.0 ± 8.5 0.102
Median (Q1, Q3) 40.0 (35.0, 46.0) 44.0 (40.0, 52.0)

Serum BDNF Mean ± SD 22,267 ± 6740.0 20,774 ± 9405.6 0.749
Median (Q1, Q3) 21,107 (18,565; 27,576) 23,502 (10,538; 26,015)
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during the study was most likely impacted by the emergence 
of COVID-19 and closing of the study; however, impor-
tantly, there were no significant differences in satisfaction and 
acceptability between the computerized cognitive training and 
active attention control groups (p = 0.37) for those completing 
the study. Overall ratings were positive for both programs with 
mean total scores 29.7 (SD = 6.0) and 27.9 (SD = 5.7), respec-
tively. Figure 2 displays the mean values for each individual 
satisfaction question. The overall satisfaction item showed that 
84% BCS in the computerized cognitive training group rated 
it as satisfactory to highly satisfactory (scores of 3 and 4) and 
95% identified that they were likely to highly likely to use the 
program again if offered (booster sessions).

Secondary outcomes: perceived cognitive abilities 
and concerns and health outcomes

Results of the primary outcome measures of cognitive 
abilities, cognitive concerns, and health outcomes, includ-
ing work ability and health perceptions (status and change), 
are detailed in Table 2. None of the differences between 
computerized cognitive training and active attention con-
trol were significantly different except for health percep-
tion change (p = 0.044). Compared to the active attention 
control, the computerized cognitive training group demon-
strated small effects for improvement in perceived cogni-
tive abilities (d = 0.26) and cognitive concerns (d =  − 0.32) 
immediately post-intervention, with 32% and 28% of the 
intervention group demonstrating reliable improvement, 

respectively (Table 2). Small to medium effect sizes were 
noted in improvement in work ability (d = 0.37) and health 
perception (status [d = 0.30] and perceived change in health 
[d = 0.60, p = 0.026]). Notably, 56% of BCS had reliable 
improvement in work ability in the computerized cognitive 
training group compared to 27% in the active attention con-
trol group. Perception of health, including both health status 
and perceived change in health, was higher in the computer-
ized cognitive training group compared to active attention 
control, with 32% versus 24% and 47% versus 12% of BCS 
reporting improvement, respectively. Computerized cogni-
tive training did not have an effect on quality of life meas-
ured by the SF-36 general mental health scale; however, 
32% reported reliable improvement post-intervention in the 
computerized cognitive training group compared to 12% in 
the active attention control group.

Exploratory outcomes: cognitive function BDNF 
levels

Table 3 displays the effects of computerized cognitive train-
ing on secondary outcomes. No significant differences were 
noted on the neuropsychological tests between groups. 
Learning and memory (Rey AVLT), attention and working 
memory, speed of processing, and verbal fluency/executive 
functioning all demonstrated a trend for improvement in the 
intervention group versus control, with effect sizes ranging 
from d = 0.10 to d = 0.20. The largest reliable improvement 
was noted on learning and memory (Rey AVLT) with 74% 

Fig. 2  Intervention acceptability and satisfaction
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Table 2  Intervention (BrainHQ) compared to attention control on secondary outcomes

PROMIS, Patient-Reported Outcomes Measurement Information System and MOS-SF, Medical Outcome Study-Short Form. Higher applied 
cognition ability scores indicate better perceived cognitive ability. Higher applied cognition general concerns indicate poorer perceived cognitive 
ability. Higher scores on work ability, general perceptions of health, perceived changes in health, and general mental health indicate better work 
ability, perceptions of health (status and changes), and quality of life (general mental health), respectively. Mean + / − SD = represents mean and 
standard deviation post-intervention. Effect size estimates obtained from model of outcome z-score as explained controlling for group, age, edu-
cation, tamoxifen use, and baseline z-score. *Estimate is of cognitive training vs. attention control at post-intervention
p < 0.05

Reliable improve-
ment (%)

Variable (instrument) Cognitive training 
n = 19
M + /SD

Attention control 
n = 17
M = / − SD

Estimate* (std. error) p-value Effect size (95% con-
fidence interval)

Cogni-
tive 
training

Attention 
control

PROMIS applied cogni-
tion abilities

27.9 ± 5.7 28.1 ± 5.4 0.26 (0.28) 0.364 0.26 (− 0.27, 0.81) 31.6 23.5

PROMIS applied cogni-
tion general concerns

19.9 ± 6.7 19.9 ± 6.3  − 0.32 (0.27) 0.258  − 0.32 (− 0.96, 0.21) 27.8 17.6

Work ability 7.8 ± 1.9 7.2 ± 2.5 0.78 (0.75) 0.317 0.37 (− 0.29, 1.13) 55.6 27.3
MOS SF36 general per-

ceptions of health
18.2 ± 4.6 18.9 ± 4.1 1.14 (0.75) 0.139 0.30 (− 0.23, 0.60) 31.6 23.5

MOS SF36 perceived 
change in health

2.4 ± 0.9 2.2 ± 1.0 0.52 (0.25) 0.044 0.60 (0.14, 1.24) 47.4 11.8

MOS SF36 general men-
tal health

5.3 ± 1.0 5.4 ± 1.2  − 0.12 (0.35) 0.731  − 0.10 (− 0.70, 0.43) 31.6 11.8

Table 3  Exploratory outcomes—intervention effects on objective cognitive function and brain-derived neurotropic factor

Rey AVLT, Auditory Verbal Learning Test; SDMT, Symbol Digit Modalities Test; COWA, Controlled Oral Word Association. Higher cognitive 
scores indicate better performance on objective tests (Rey AVLT, Rivermead, Digit Span, SDMT, COWA). Serum BDNF – brain-derived neuro-
tropic factor—higher levels indicate higher concentrations of BDNF (reported in pg/ml). Mean + / − SD represents mean and standard deviation 
post-intervention. Effect size estimates obtained from model of outcome z-score as explained and controlled for group, age, education, tamoxifen 
use, baseline z-score. *Estimate is of cognitive training vs. attention control at post-intervention.

Reliable improve-
ment (%)

Cognitive training 
n = 19
M + / − SD

Attention control 
n = 17
M + / − SD

Estimate* (std error) p-value Effect size (95% confi-
dence interval)

Cogni-
tive 
training

Attention 
control

Learning and memory—
Rey AVLT total

53.8 ± 6.8 56.7 ± 8.2 0.20 (0.22) 0.384 0.20 (− 0.25, 0.70) 73.7 52.9

Delayed memory—Rey 
AVLT delayed

9.8 ± 2.8 12.3 ± 2.4  − 0.51 (0.26) 0.060  − 0.51 (− 1.00, − 0.04) 31.6 47.1

Immediate memory—
Rivermead

7.4 ± 3.3 8.3 ± 3.2 0.02 (0.29) 0.941 0.02 (− 0.59, 0.59) 15.8 5.9

Delayed memory—Riv-
ermead

6.7 ± 3.3 7.9 ± 3.1 0.02 (0.29) 0.938 0.02 (− 0.61, 0.70) 15.8 5.9

Speed of processing—
SDMT

53.6 ± 9.3 58.1 ± 7.4 0.19 (0.20) 0.355 0.19 (− 0.23, 0.65) 21.1 23.5

Attention and working 
memory—Digit Span 
total

17.3 ± 3.0 17.7 ± 3.7 0.10 (0.27) 0.723 0.10 (− 0.61, 0.61) 10.5 17.6

Verbal/executive func-
tioning—COWA

43.0 ± 9.8 46.4 ± 9.3 0.13 (0.26) 0.621 0.13 (− 0.47, 0.70) 31.6 23.5

Serum BDNF 22,404 ± 7287.8 24,920 ± 6277.4  − 217.6 (2206.5) 0.922  − 0.03 (− 0.65, 0.49) 6.3 21.4
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from the intervention group demonstrating improvement 
versus 53% in the attention control group. BDNF levels 
did not significantly correlate with cognitive performance 
at baseline or post-intervention. No appreciable differences 
were noted in BDNF levels between the two groups.

Discussion

This was the first double-masked RCT to date that remotely 
tested computerized cognitive training against an active 
attention control intervention in long-term BCS. This is 
important as cognitive training intervention studies have 
been heavily criticized for failing to provide an appropriate 
active attention control group to fully distinguish satisfaction 
of training as well as intervention effects of training versus 
placebo effects [32]. In addition, to bring about meaningful 
and clinically significant improvement, cognitive training 
should not only improve the perception of cognitive func-
tion, but it should also have transfer effects on important 
health outcomes, such as work ability, health perception, 
and quality of life [15].

The main finding of this study was that both the comput-
erized cognitive training and the computerized active atten-
tion control (puzzles, crosswords, etc.) programs delivered 
remotely were well-received. This program appealed to a 
diverse sample of BCS recruiting a larger minority popula-
tion (41% Black) and represents a more diverse dissemina-
tion than previous in-person cohorts [12], suggesting that 
remote training is feasible to deliver and more acceptable to 
a larger population of BCS [33]. In addition, the majority of 
BCS in both groups reported the training as acceptable and 
overall satisfying. Identifying acceptable evidence-based 
interventions for CRCI to support BCS in need is impera-
tive. Lange et al. identified in a web-based survey that most 
cancer survivors would like to receive supportive treatment 
(75%, n = 909) and specifically identified cognitive train-
ing (72%, n = 658) as a desired option [34]. However, the 
difficulty faced by clinicians to date is that there has been 
very little evidence to support the use of cognitive training 
for CRCI. Thus, these preliminary findings that suggest that 
the cognitive training is acceptable and satisfying are crucial 
to the development of larger scale trials to address CRCI.

Importantly, the active attention control served as an 
acceptable alternative and comparator for interventional 
research of cognitive training. This is consistent with pre-
vious literature that found mind-stimulating interventions, 
such as puzzles, are engaging [35] and have been identified 
by BCS themselves as useful in addressing CRCI [36]. Thus, 
remote delivery and application of computerized cognitive 
training against computerized attention control seem appro-
priate for a large full-scale randomized controlled trial.

Although not statistically significant, small and positive 
effect sizes for cognitive training were noted in both per-
ceived cognitive abilities and cognitive concerns. Similarly, 
previous studies have demonstrated that cognitive training 
has a significant and positive effect on improving subjective 
cognitive improvement in BCS [11, 12]. In addition, this 
trial noted that intervention effects transferred to improve-
ments in work ability and health perception (health status 
and health perception change). These transfer effects to 
“real-world” outcomes are essential. Multiple studies have 
documented the significant untoward effects of CRCI in BCS 
[10]. BCS with cognitive concerns often incur difficulty in 
returning work and performing at work (work ability) [6, 7]. 
Many BCS refer to work as returning to a sense of normalcy 
[37] and most must return to work due to financial need 
and to maintain health benefits [38], making work ability an 
important outcome target for future interventional studies. 
In addition, decline in cognitive function has been linked 
to decrements in both health perception and quality of life 
[15], whereas cognitive training has been shown to improve 
quality of life in BCS [12] and healthy older adults [15]. In 
an earlier study, we noted improvements in BCS in symp-
tom distress (mood disturbance, anxiety, and fatigue) and 
quality of life using this cognitive training intervention in 
a lab-based setting [16]. It is hypothesized that cognitive 
training may have a neurobiological effect, as it operates 
through sensory-motor elaboration and repetition. The pro-
cedural tasks required with this training program may lead to 
increasing brain activation. On a neural level, such increases 
in activity reflect a strengthening of the response within a 
particular region [39]. The effect of enhanced task-related 
activity, or an increase in the number of neurons being acti-
vated during a particular task, is hypothesized to create new 
networks that are more accurate and less susceptible to inter-
ference [40] and ultimately improve cognitive performance 
and contribute to a sense of well-being noted by the partici-
pant [20]. These transfer effects on health and well-being 
are of great importance for BCS, of which the majority are 
middle-aged and juggling both work and family obligations. 
Findings from this study also inform our future intervention 
research in assessing work ability as sensitive outcome of 
cognitive training.

In this preliminary study, we also successfully assessed 
objective cognitive function using measures that represent 
the cognitive domains that have been shown to be most 
affected in BCS with CRCI [41]. Overall, there were no sig-
nificant effects in favor of cognitive training on objective 
cognitive performance. This finding is in contrast to other 
preliminary studies in BCS [12, 13], healthy older adults 
[42], and adults with mild cognitive impairment [43]. In 
a meta-analysis of 52 studies with a total of 4885 healthy 
older adult participants, Lampit and colleagues found signif-
icant and positive effects in favor of computerized cognitive 
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training over control with specific effect sizes in the small 
to moderate range for memory, working memory, speed of 
processing, and visuospatial skills [42]. However, they noted 
studies using an unsupervised/unsupported home-based 
administration were less effective [42]. Lampit et al. recom-
mended the need for ongoing technology support and prob-
lem-solving of information technology issues for in-home 
use and methods to enhance training adherence (reminder 
and motivational cues). Taken together, future research in 
this area may want to consider more instructional support 
and also provide reminder cues and technology support dur-
ing the intervention training to support cognitive training 
adherence.

BDNF did not correlate with subjective and objective 
measures of cognitive function at either assessment and did 
not differ significantly between the two groups. BDNF has 
been shown to be associated with self-reported cognitive 
concerns in BCS; however, levels also remained relatively 
stable over time among individuals with specific polymor-
phism (Met homozygous carriers of the BDNF rs6265 
polymorphism) [44]. Thus, future research exploring this 
biological marker should not only include plasma levels of 
BDNF, but also investigate the differences in plasma BDNF 
levels between the rs6265 genotypes to fully evaluate BDNF 
as a sensitive biomarker of intervention effects.

Strengths and limitations of the study

There were a number of strengths of this study. Important 
methodological strengths were the masking of participants 
and cognitive testers to intervention assignment and com-
paring cognitive training to an active attention control com-
parator, and thus addressing placebo effects. The study was 
limited as it was stopped earlier than planned due to COVID-
19; however, it was believed that to continue would have 
created significant variation in assessments and outcomes 
(e.g., COVID-19 impact on cognitive concerns, work abil-
ity, quality of life/mental health) and the sample size was 
considered adequate for a pilot study [45].

Conclusion

Cognitive training was shown to be acceptable and satisfac-
tory intervention for CRCI in BCS. Findings suggest some 
positive effects of training with benefits in perceived cogni-
tive function, work ability, and health perception. These pilot 
study findings also point to need for a full-scale efficacy trial 
of cognitive training in addressing CRCI in a larger, diverse 
sample of BCS.
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