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Cognitive Rehabilitation Program to Improve Cognition
of Cancer Patients Treated With Chemotherapy: A 3-Arm
Randomized Trial
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BACKGROUND: There is no treatment for cancer-related cognitive impairment, an important adverse effect that negatively impacts
quality of life (QOL). We conducted a 3-arm randomized controlled trial to evaluate the impact of computer-assisted cognitive reha-
bilitation (CR) on cognition, QOL, anxiety, and depression among cancer patients treated with chemotherapy. METHODS: Patients
who reported cognitive complaints during or after completing chemotherapy were randomly assigned to 1 of 3 12-week CR programs:
computer-assisted CR with a neuropsychologist (experimental group A), home cognitive self-exercises (active control group B), or
phone follow-up (active control group C). Subjective cognition was assessed by the Functional Assessment of Cancer Therapy-Cognitive
Function (FACT-Cog), objective cognition was assessed by neuropsychological tests, QOL was assessed by the FACT-General, and
depression and anxiety were assessed by psychological tests. The primary endpoint was the proportion of patients with a 7-point im-
provement in the FACT-Cog perceived cognitive impairment (PCl) score. RESULTS: Among the 167 enrolled patients (median age, 51
years), group A had the highest proportion of patients with a 7-point PCIl improvement (75%), followed by groups B (59%) and C (57%),
but the difference was not statistically significant (P = .13). Compared with groups B and C, the mean difference in PCl score was signifi-
cantly higher in group A (P =.02), with better perceived cognitive abilities (P < .01) and a significant improvement in working memory
(P = .03). Group A reported higher QOL related to cognition (FACT-Cog QOL) (P = .01) and improvement in depression symptoms
(P = .03). CONCLUSIONS: These results suggest a benefit of a computer-based CR program in the management of cancer-related
cognitive impairment and complaints. Cancer 2020;126:5328-5336. © 2020 The Authors. Cancer published by Wiley Periodicals LLC on
behalf of American Cancer Society. This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-
NoDerivs License, which permits use and distribution in any medium, provided the original work is properly cited, the use is non-com-
mercial and no modifications or adaptations are made.
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INTRODUCTION

Cancer-related cognitive impairment (CRCI) affects various domains of cognition, such as working memory, attention,
and executive function."” This phenomenon is known as “chemobrain,” and it has been studied primarily in breast can-
cer patients.” Cancer-related objective cognitive dysfunction affects approximately 30% of cancer patients, but cognitive
complaints comprise one of the most important symptoms reported.4 Up to 75% of cancer patients report cognitive
complaints during or after chemotherapy, according to the few longitudinal studies conducted.”® Due to improvements
in therapeutic management and life expectancy among long-term cancer survivors, the negative impact of chemobrain
on posttreatment quality of life (QOL) remains an emerging area of research, and there is a high demand among patients
for specific management of these symptoms.” Currently, no medication has been clearly established to prevent or man-
age CRCI, and the benefits of cognitive intervention programs need to be confirmed.” Despite the lack of standardized
methods and large studies, cognitive intervention programs appear promising, with some demonstrating improvements
in cognitive complaints.lo'13 However, additional data are required to establish the efficacy of such programs, particularly
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because the few randomized studies that have been per-
formed had small samples and/or no active control
group.'>'*!® Moreover, some of the intervention studies
are cognitive training programs. By definition, cognitive
rehabilitation (CR) includes not only cognitive training,
but also individualized intervention that focuses on a par-
ticular patient’s needs and goals.

We conducted a 3-arm randomized controlled trial
(RCT) with 2 active control arms to evaluate the impact
of computer-assisted CR on subjective and objective
cognition, QOL, anxiety, and depression among cancer
patients treated with chemotherapy and reporting cogni-
tive complaints.

MATERIALS AND METHODS

Participants

This longitudinal, multicenter RCT recruited patients
from 5 French centers. Eligible patients were diagnosed
with solid or hematological cancer, were <18 years of age,
had been treated with sequential chemotherapy, were in
remission or in the midst of a therapeutic break, reported
cognitive complaint (during or within 5 years of chem-
otherapy completion), and were able to read and write
French fluently. Exclusion criteria were as follows: known
primary or secondary central nervous system tumor, his-
tory of childhood cancer, noncontrolled psychiatric dis-
orders, inability to perform cognitive tests, documented
alcohol or drug abuse, and use of opioids or grade 3 an-
algesics. Patients were recruited during medical consulta-
tions (chemotherapy, supportive care, or monitoring with
their doctor), and if a cognitive complaint was identified,
they were referred to a neuropsychologist at their center.
Only those with a Functional Assessment of Cancer
Therapy—Cognitive Function (FACT-Cog) QOL sub-
scale score of >4/16 were selected to ensure that patients
with complaints impacting their QOL were included in
the study.

All participants provided written informed consent.
This RCT was approved by a local ethics committee and
the French Health Authoricy (ID-RCB: 2011-A00077-
34) and was conducted according to the provisions of the
Declaration of Helsinki.

Study Design

Participants were randomly assigned using nQuery’s
mixed block size in a 1:1:1 ratio to computer-assisted CR
with a neuropsychologist (experimental group A) or 1 of
the 2 active control groups: home cognitive self-exercises
(control group B) or phone follow-up (control group C).
Randomization was stratified according to time since
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chemotherapy completion (1-18 months and 18 months
to 5 years), type of tumor, and institution.

Experimental group A: computer-assisted
cognitive rehabilitation with a neuropsychologist

Computer-assisted CR was performed using RehaCom
software (htep://www.rehacom.fr), a modular interactive
program designed to train cognitive abilities. The sys-
tem design includes compensatory strategies, controlled
stimuli, and immediate feedback to train and improve at-
tention, memory, visuospatial processing, and executive
functions, all of which are usually impacted by chemo-
therapy. The neuropsychologist could choose some mod-
ules according to the specific deficits of each patient,
meaning that deficits could be targeted and specifically
trained. The program is autoadaptive, so the activity
could become easier or more difficult depending on the
performance of the patient. Participants completed 9
standardized sessions (45-60 minutes) over 3 months at
their institution in the presence of a neuropsychologist
who could advise and encourage them during the exer-
cises and give them feedback at the end of the session on
the progress made.

Active control group B: home cognitive self-
exercises

Participants were given a workbook and were instructed
to perform the exercises therein for 9 standardized
sessions (30-60 minutes per week) over 3 months. The
workbook proposed 8 different exercises to work differ-
ent cognitive domains, including memory and executive
functions. Participants were called every month to ensure
that the exercises were performed and to provide motiva-
tion for completing them. The completed workbook was
collected at the end of the CR program.

Active control group C: phone follow-up
Participants were called 9 times over 3 months; standard-
ized questions were used to collect information on the
evolution of cognitive disorders and their impact on each
participant’s daily life.

Measurements
Subjective cognitive assessment

Cognitive complaints were evaluated using the French
version of the FACT-Cog, which had good internal
consistency reliability (Cronbachs o = 0.74-0.91).1%
This 37-item self-administered questionnaire evaluates
memory, attention, concentration, language, and think-
ing abilities in cancer patients®' and contains 4 subscales:
perceived cognitive impairment (PCI) (Chronbach’s a =
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0.91), perceived cognitive abilities (PCA) (Chronbach’s o
= 0.90), impact on QOL (Chronbach’s @ = 0.88), and
comments from others (Chronbach’s a = 0.74). It in-
cludes negatively and positively worded items. Negatively
worded items are reverse-scored to create subscale scores,
with higher scores reflecting fewer cognitive problems
and better QOL. FACT-Cog PCI score was used as the

primary measure of subjective cognition.

Objective cognitive assessment

A neuropsychologist performed a standardized battery of
tests evaluating the following cognitive domains: Grober
and Buschke test for anterograde episodic memory,*
D2 test for attention and concentration,” verbal flu-
ency test,24 Trail Making Test for executive functioning
and processing speed,”” and Wechsler Adult Intelligence
Scale IV (WAIS 1V) for working memory and short-term
memory.26

Quality of life and fatigue assessment

QOL was evaluated using the 28-item FACT-General
(Chronbach’s « = 0.9 for the global FACT-G scale and
>0.75 for subscales)?” which assesses four dimensions of
QOL (physical, functional, emotional, and social well-

being).”® Symptoms of fatigue were measured with the
20-item FACT-Anemia (Chronbach’s a = 0.96).%

Anxiety and depression assessment

The Spielberger State-Trait Anxiety Inventory”” and the
Center for Epidemiologic Studies Depression Scale®'
were used to assess anxiety and depression, respectively,
with higher scores representing higher levels of anxiety or
depression.

Data Collection

Subjective and objective cognitive assessments were com-
pleted at baseline (T0) and at the end of the CR program
3 months later (T3) at the center with the neuropsycholo-
gist. A subjective cognitive assessment was also completed
1 month (T1) and 2 months (T?2) after initiating the CR
program.

Endpoints

The primary endpoint was the proportion of partici-
pants showing a 7-point improvement in the FACT-
Cog PCI score (range, 0-72) in group A compared
with groups B or C, between T0 and T3. The choice
of 7 points is based on some data, and a variation of
10% seems clinically important,32 Data from 24 (14%)
participants could not be analyzed for the primary
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endpoint because cognitive complaints were not
assessed at T3 for 7 (13%) participants from group A,
10 (21%) participants from group B, and 5 (9%) par-
ticipants from group C.

The main secondary endpoints were: improvement
of objective cognition and QOL. The relationships be-
tween subjective and objective cognition and between
cognitive impairment and QOL, as well as the evolution
of cognitive scores, were also evaluated.

Statistical Analysis

Sample size calculations were based on 2-by-2 compari-
sons of the primary endpoint, a 7-point improvement
in FACT-Cog PCI score between T0 and T3. The bi-
lateral Fisher’s exact test at a = 0.05/3 = 0.017 and
p = 0.2 was considered to account for multiple test
correction. We assumed that the proportion of partici-
pants with a 7-point improvement in the FACT-Cog
PCI score would be 75% in experimental group A and
40% and 5% in control groups B and C, respectively.
In this context, 46 patients per group were required.
To compensate for potential dropouts, we increased this
number by 20% and planned to include 56 patients
per group, for a total of 168 patients. The Kolmogorov-
Smirnov test was used to test for normality of the dis-
tributions. Normally distributed continuous data were
expressed as mean values (£SD). Differences between
groups were analyzed for statistical significance using
a paired # test, Kruskal-Wallis test, chi-square test, or
Fisher’s exact test as appropriate. Categorical variables
were reported as percentages. We further used a re-
peated measures mixed model, with the patient as the
“cluster variable,” using the normally distributed PCI
as the main outcome and the group and interaction
group*time to reflect the changes over time. The model
was stratified by center and contrast, and margins were
used in Stata version 15 (Stata Corp., College Station,
Texas). We performed complete case analyses after
describing the pattern of missing data.

RESULTS

Between September 2012 and July 2017, 167 patients
were enrolled in the RCT: 55 in group A, 56 in group
B, and 56 in group C (Fig. 1). Baseline demographic
and clinical characteristics were well balanced between
the 3 groups, without statistically significant differences
(Table 1). The median age was 51 years, 96% of par-
ticipants were women, and 140 (84%) participants had
breast cancer, including 98 (70%) with previous hormone
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Figure 1. CONSORT flow diagram. CR, cognitive rehabilitation.

therapy. Only 15 (9%) participants had metastatic dis-
ease. The median time from chemotherapy completion
was 10.6 months (range, 6.0-18.2 months). The comple-
tion rate of all 9 sessions was 87% for group A, 72% for
group B, and 84% for group C.

At baseline (T0), the 3 groups had comparable
FACT-Cog PCI scores (Table 2). The proportion of par-
ticipants with a 7-point improvement in PCI scores be-
tween T0 and T3 was highest in group A (75%), followed
by group B (59%) and group C (57%). However, the
difference between these groups did not reach statistical
significance (P = .12 between groups A and B; P = .09
between groups A and C). Nevertheless, the mean differ-
ence in PCI scores between TO and T3 was statistically
significant in group A compared with groups B and C (P
=.02), with differences in scores of 16, 11, and 9, respec-
tively (group A versus B, P =.049; group A versus C, P =
.009), whereas the difference in scores was not statistically
significant between groups B and C (P = .62). Moreover,
there was a linear increase in FACT-Cog PCI scores over
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time for group A that was not observed in group B or
C (P trend = .01). Group A also reported better scores
in the other FACT-Cog subscales: PCA scores improved
significantly, with a mean difference in scores between T0O
and T3 of 5.3 in group A, compared with 1.8 and 2.7 for
groups B and C, respectively (P < .01). CR also had a
significant impact on the FACT-Cog QOL score in group
A (5.1 vs 2.6 and 3.8, respectively, P = .01). Hormone
therapy was not associated with any FACT-Cog subscale
scores. There was also no link between completion rate
and FACT-Cog PCI scores.

Results of objective cognitive assessments showed a
positive impact of CR on working memory, with significant
improvement in group A (P =.03) and a significant relation
between 7-point improvement in PCI scores and working
memory with higher scores of working memory (40.9;
95% CI, 0.6-1.21; P = .04). No significant difference was
demonstrated for the other domains of objective cognition.

Participants in group A also presented improved de-
pression scores compared with groups B and C (P = .03)
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TABLE 1. Baseline Characteristics of Study Participants

Group A: Computerized CR

Group B: Exercises at

Group C: Phone

Participant Characteristics (n =55) Home (n = 56) Call (n = 56)
Age, y, median (range) 51.7 (35-72) 50.9 (28-78) 50.7 (24-77)
Sex, n (%)
Women 53 (96.4) 53 (94.6) 54 (96.4)
Men 2(3.6) 3 (5.4) 2 (3.6)
Education level, n (%)
Primary school 4 (7.3) 3(5.4) 2(3.6)
Middle school 8 (14.55) 9 (16.1) 10 (17.8)
High school 8 (14.55) 11 (19.6) 9 (16.1)
University 28 (50.9) 25 (44.6) 31 (55.4)
Unknown 7(12.7) 8 (14.3) 4(7.1)
Cancer variables
Cancer type, n (%)
Breast 47 (85.5) 48 (85.7) 45 (80.3)
Digestive 4(7.3) 2(3.6) 1(1.8)
Hematologic 2(3.6) 3 (5.35) 2 (3.6)
Urologic/Gynecologic 1(1.8) 3 (5.35) 7 (12.5)
Other 1(1.8) 0 1(1.8)
Presence of metastases, n (%) 7(12.7) 2(3.6) 6 (10.7)
Time since chemotherapy completion, mo, median (range) 11.7 (7.7-18.3) 9.5 (6.2-20.8) 10.5 (5.7-19.3)
Prior anticancer therapies
Surgery, n (%) 50 (90.9) 51 (91.1) 51(91.1)
Radiotherapy, n (%) 44 (80.0) 43 (76.8) 45 (80.3)
Hormone therapy, n (%) 29 (51.8) 37 (66.1) 32 (57.1)
Patient-reported outcomes
FACT-Cog, mean (SD)
PCI 33.2 (13.2) 35.4 (15.6) 34.1(13.6)
PCA 11.0 (5.0) 12.2 (4.5) 11.2 (4.3
FACT impact on QOL 6.0 (4.0) 6.8 (3.6) 5.9 (3.4)
FACT comments from others 11.5 (4.3) 12.3 (3.5) 11.9 (3.9)
Depression CES-D, mean (SD) 21.7 (9.9 20.4 (9.7) 22.4(9.1)
Anxiety STAI-Trait, mean (SD) 45.6 (12.1) 45.4 (11.5) 47.5(10.4)
Fatigue FACT-An, mean (SD) 50.2 (12.2) 50.1 (12.4) 46.7 (13.5)
QOL FACT-G, mean (SD) 71.2(15.2) 70.3 (15.4) 67.4 (14.8)

Abbreviations: CES-D, Center for Epidemiologic Studies Depression Scale; CR, cognitive rehabilitation; FACT-An, Functional Assessment of Cancer Therapy-
Anemia; FACT-Cog, Functional Assessment of Cancer Therapy-Cognitive Function; FACT-G, Functional Assessment of Cancer Therapy-General; PCA, perceived

cognitive abilities; PCI, perceived cognitive impairments; QOL, quality of life; STAI-Trait, Spielberger State-Trait Anxiety Inventory.

(Table 3). There was no impact of CR on anxiety, fatigue,
or any dimensions of the FACT-G.

Sensitivity analyses were performed by adjusting for
age, education level, and baseline cognitive performance
and did not change the results.

The effect sizes between T0 and T3 showed a strong
impact of CR on cognitive functioning in group A, with
an effect size of 0.49 on PCI score and 0.53 on working
compared with group C (Fig. 2).

DISCUSSION

This large, multicenter RCT investigated the impact of 3
months of computer-assisted CR on subjective and ob-
jective cognition in a sample of cancer patients reporting
cognitive complaints during or after chemotherapy com-
pletion. The computer-assisted CR program led to an im-
provement in all of the subjective FACT-Cog subscales,
which evaluate cognitive complaints and their impact
on QOL. There was also a positive impact on objective
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cognition, specifically with improved working memory,
and lower levels of depression.

The primary endpoint was defined as the proportion
of patients with a 7-point improvement in the FACT-Cog
PCI score (range, 0-72) between TO and T3. This corre-
sponded to an improvement of 10%, which seems clinically
important, but no cutoff had been clearly established at the
time of our study. The primary endpoint did not reach
statistical significance, although the proportion of patients
with a 7-point improvement in PCI score was higher among
group A participants, who received computer-assisted CR
(75% vs 59% and 57% in groups B and C, respectively).
A recent work estimated that 7.4 is a clinically important
difference for the PCI postintervention in cancer survivors
with cognitive impairment after adjuvant chemotherapy.®
Using this definition instead of the proportion of patients,
we found a clear mean difference in PCI score with sig-
nificant results: a 16-point improvement in experimental
group A, which was well above the clinically important
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TABLE 2. Mean Scores for Subjective Cognition With FACT-Cog Assessment

Group A: Group B: Group C:
Computerized CR Exercises at Home Phone Call

(n = 48) (n=44) (n=51) P2
PCI TO 33.2(13.2) 35.4 (15.6) 34.1(13.6) .66
PCI T1 40.8 (11.8) 44.0 (16.1) 44.4 (12.2)
PCI T2 47.5(11.8) 47.4 (17.1) 44.2 (12.5)
PCI T3P 49.0 (12.9) 45 2 (16.5) 43.5(12.9)
7-Point improvement in PCI score between T0 and T3, n (%)° 36 (75.0) 26 (59.1) 29 (56.9) 13
PCI: difference between TO and T3° 16.3 (14.7) 11 1(14.8) 1(12.6) .02
PCA: difference between T0 and T3P 5.3 (5.6) .8(5.93) 2 7 (4.3) <.01
FACT impact on QOL: difference between TO and T3° 5.1 (5.4) 6 (4.1) 3.8 (3.9) .01
FACT comments from others: difference between TO and T3° 2.7 (3.6) (4 1) 1.6 (2.8) .05

Abbreviations: CR, cognitive rehabilitation; FACT-Cog, Functional Assessment of Cancer Therapy—-Cognitive Function; PCA, perceived cognitive abilities; PCI,
perceived cognitive impairments; QOL, quality of life; TO, baseline; T1, at 1 month; T2, at 2 months; T3, at the end of the 3-month program.
All values are presented as mean (SD) unless noted otherwise.

2Kruskal-Wallis or Fisher’s exact test. Significant values appear in boldface type.

PMissing = 24 (14.4%).

TABLE 3. Mean Scores for Objective Cognition and Patient-Reported Outcomes

Group A: Group B: Group C:
Computerized CR  Exercises at Home Phone call
(n = 48) Mean (n = 44) Mean (n =51) Mean
difference difference TO-T3 difference
Domain Test Outcome Measure TO-T3 (SD) (SD) TO-T3 (SD) P2
Obijective cognitive
function
Working memory Digit span backward WAIS  Total score (max. 16) 1.3(1.8) 1.12.1) 0.4 (1.6) .03
v
Short-term memory  Digit span forward WAIS IV Total score (max. 16) 0.7 (1.9) 0.6 (1.4) 0.4 (1.6) .54
Processing speed TMT A Speed -3.3(10.5) 0.0 (10.1) -5.9 (13.5) .04
Total errors —-0.02 (0.5) 0.14 (0.7) 0.02 (0.5) .60
Executive function ~ TMT B Speed -9.4 (25.3) —6.0 (25.6) -1.9(22.9) 15
Total perseverative errors -0.13(0.7) -0.1(0.9) 0.07 (0.6) .32
Verbal fluency Verbal fluency Total no. of animals 3.3(6.8) 0.6 (6.9) 2.1(6.4) 22
Total no. of words 1.0 (4.7) 1.9 (5.0) 0.8 (6.2) .60
Attention D2 test GZ score 31.8(53.2) 38.4 (86.2) 27.9 (48.3) .46
GZ-F score 35.7 (55.8) 38.6 (66.3) 28.4 (53.3) 43
Episodic memory Grober-Buschke Free recall score (max. 16) 1.3(2.3) 1.6 (2.2) 0.7 (2.1) 13
Delayed recall score 1.3(2.2) 0.6 (1.7) 0.8(1.8) .35
(max. 16)
Patient-reported
outcomes
Depression CES-D Total score (max. 60) —6.5(10.3) -1.7(7.9) -2.3(8.3) .03
Anxiety STAI-Trait Total score (max. 80) —1 .9 (8.4) -0.8(8.3) -2.0(9.1) .76
Fatigue FACT-An Total score (max. 80) 8(11.9) 4.1 (10.6) 3.2(12.2) .59
QOL FACT-G Total score (max. 108) (11 .3) 4.2 (10.6) 3.7 (12.3) .56
Physical well-being Total score (max. 28) 1(4.5) 1.4 (4.0) 2.1(4.6) .55
Social well-being Total score (max. 28) ( 9) -0.5(4.3) -0.1 (3.5) .36
Emotional well-being Total score (max. 24) 3 (4.7) 1.5 (3.6) 1.04.2) .37
Functional well-being Total score (max. 28) ( 8) 1.2 3.1) 0.5 (4.3) .33

Abbreviations: CES-D, Center for Epidemiologic Studies Depression Scale; CR, cognitive rehabilitation; FACT-An, Functional Assessment of Cancer Therapy-
Anemia; FACT-G, Functional Assessment of Cancer Therapy-General; GZ, total number of marked items; GZ-F, net performance quality; max., maximum; QOL,
quality of life; STAI-Trait, Spielberger State-Trait Anxiety Inventory; TO, at baseline; T3, at the end of the 3-month program; TMT, Trail Making Test; WAIS, Wechsler

Adult Intelligence Scale.

All values are presented as the mean (SD) difference between TO and T3.
Significant values appear in boldface type.

difference, compared with an 11-point improvement in the
control group B, where participants performed home cog-
nitive self-exercises (P = .049) and a 9-point improvement
for control group C, where participants received phone
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follow-up (P = .009). The other FACT-Cog subscales also
showed statistically significant improvements in experi-
mental group A, especially PCA scores (P < .01) and QOL
related to cognition (P =.01).
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Computer-assisted CR vs home exercices
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Figure 2. Forest plot of effect sizes and 95% Cls for computer-assisted cognitive rehabilitation compared with the 2 active
control groups. CES-D, Center for Epidemiologic Studies Depression Scale; CR, cognitive rehabilitation; ES, effect size; FACT-An,
Functional Assessment of Cancer Therapy-Anemia; FACT-G, Functional Assessment of Cancer Therapy-General; PCA, perceived
cognitive abilities; PCI, perceived cognitive impairments; STAI-Trait, Spielberger State-Trait Anxiety Inventory; WAIS, Wechsler Adult

Intelligence Scale.

Our study confirms the results of 2 recent RCTs that
evaluated computer-assisted CR and used the mean differ-
ence in PCI score as the primary endpoint, both of which
showed a positive impact of the intervention on cognitive
complaints.M’15 However, our study is the only one in the
literature to include active control groups. The bias linked
to wait-list groups is well documented in cognitive behav-
ioral therapy, as these groups lead to bigger effect sizes es-
timates.* % Using an intervention in our control groups
allowed us to limit the overestimation of the intervention
effect and make our results robust and closer to reality.

We found a statistically significant improvement
in working memory, as evaluated with the Digit Span
Backward of the WAIS IV. Alteration of working memory
induces daily difficulties, and our results hold promise for
casing them.>® Our results confirm those of small previ-
ous studies. Like us, Cherrier et al'® used the Digit Span
Backward in an RCT that included 12 patients in the
experimental group and 16 patients in a wait-list group
and found significant results of improved working mem-
ory. Von Ah et al'* also found improvements in memory
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performance among 82 breast cancer survivors after 6
to 8 weeks of memory or processing intervention com-
pared with a wait-list group. However, memory scores
were evaluated by the Rey Auditory Verbal Learning Test,
which focuses more on episodic memory.37 Some stud-
ies have not reported improvements in working memory
after computer-assisted CR; however, these studies often
used a suboptimal cognitive test to explore working mem-
ory. For example, Bray et al'* conducted an RCT with
242 cancer patients with cognitive complaints after che-
motherapy who were randomly assigned to computer-as-
sisted CR or a control group and found no significant
differences in objective cognitive assessment. The n-back
test was used for working memory, which is commonly
used in functional neuroimaging studies.*® Some results
have demonstrated that the n-back is not a pure measure
of working memory, with no correlation between n-back
performance and Digit Span Backward.*>** Mihuta et
al’® did not observe a significant difference in objective
cognition among 76 patients allocated to a 4-week com-
puter-assisted CR or wait-list group. Indeed, it was a very

Cancer  December 15, 2020



Cognitive Rehabilitation in Cancer Patients/Dos Santos et al

short CR program with an online evaluation (test battery
Webneuro), and the study sample was small.

Depression scores improved significantly in our ex-
perimental group A, confirming previous results of a neg-
ative association between PCI scores and depression.lz’14
By acting on cognitive complaints, CR improves depres-
sion symptoms. There was no significant difference in fa-
tigue scores or global QOL. Although cognitive disorders
can be associated with cancer-related fatigue, they remain
a specific complaint.

Our study has some limitations. There was no long-
term follow-up to determine whether the positive effect
we observed was maintained over time. The impact of
the presence of the neuropsychologist at CR sessions in
the experimental group could also be questioned; on the
other hand, this may have been a strength given that on-
line CR programs make coaching achievable at home,
which could improve feasibility in terms of resources,
costs, and patient availabilicy. Most of the participants
had breast cancer, and 59% had reccived previous hor-
mone therapy, the effect of which on cognition remains
controversial.*"** In our study, hormone therapy did not
affect cognitive functioning outcomes before or after the
CR program. Finally, multiple test correction was per-
formed for the primary analysis; however, several other
statistical tests were performed, especially for objective
cognition, possibly increasing the false-positive error rate.

Cancer-related cognitive impairment is a common
adverse effect that remains a challenge for cancer patients.
Our study is the first RCT with active control groups to
show promising results for improving objective cognitive
functioning, particularly working memory. It reinforces
existing data on the beneficial effect of computer-assisted
CR programs on cognitive complaints, QOL related to
cognition, and depression symptoms. Computer-assisted
CR appears to be an interesting option in the management
of chemobrain for patients with cognitive complaints.
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