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Abstract

Background—CogMed Working Memory Training (CWMT) is a computer-based program 

shown to improve working memory (WM) among those with cognitive impairments. No study 

to date has investigated its feasibility, acceptability, and satisfaction in adult patients with glioma, 

despite the well-documented incidence of WM impairment in this population.

Methods—Twenty patients with glioma and objective and/or perceived WM deficits enrolled in 

the study: 52% high-grade, 60% female, Mage = 47 (range = 21–72 years). Adverse events were 

monitored to determine safety. Feasibility and acceptability were assessed based on established 

metrics. Satisfaction was explored by exit-interviews. Neurocognitive tests and psychological 

symptoms were analyzed at baseline and post-CWMT to estimate effect sizes.
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Results—Of 20 enrolled patients, 16 completed the intervention (80% retention rate). Reasons 

for withdrawal included time burden (n = 2); tumor-related fatigue (n = 1) or loss to follow-up (n 
= 1). No adverse events were determined to be study-related. Adherence was 69% with reasons 

for nonadherence similar to those for study withdrawal. The perceived degree of benefit was only 

moderate. Baseline to post-CWMT assessments showed medium to large effects on neurocognitive 

tasks. Psychological symptoms remained stable throughout the study period.

Conclusions—CWMT was found to be safe and acceptable in adult patients with glioma. 

Enrollment, retention rates, and treatment adherence were all adequate and comparable to studies 

recruiting similar populations. Only moderate perceived benefit was reported despite demonstrated 

improvements in objectively-assessed WM. This may indicate that the time commitment and 

intervention intensity (5 weeks of 50-min training sessions on 5 days/week) outweighed the 

perceived benefits of the program. (Trial Registration Number: NCT03323450 registered on 

10/27/2017).
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Introduction

Most individuals with gliomas show impairments in at least one domain of cognition [1–

3] due to tumor mass effect [4] and associated treatments [5]. Insults to attention and 

executive functions are common [6], with working memory—the ability to take in, briefly 

hold onto, and manipulate information—a frequently affected cognitive system [7, 8]. 

Working memory is implicated in executing activities of daily living, successful learning 

and emotional regulation, with deficits capable of reducing functional independence [9–11]. 

As such, interventions that optimize cognitive performance are increasingly relevant, as even 

mild impairments can negatively affect quality of life [3, 12]. In addition to deficits on 

objective neurocognitive tests; individuals with glioma also report a high rate of subjective 

working memory complaints, which have significant implications for overall wellbeing [13]. 

As such, both objective and subjective deficits in working memory are likely to impact one’s 

confidence and ability to care for oneself [14].

CogMed Working Memory Training (CWMT) is a computerized program developed to 

improve working memory. Use of CWMT has been evaluated in a variety of medical 

populations for whom attention and executive dysfunction is common, such as ADHD 

[15], traumatic brain injury [16], and pediatric brain tumor [17]. Cognitive rehabilitation 

programs like CWMT rely on repeated simulation of a cognitive process (e.g., working 

memory) to strengthen the underlying neural networks responsible for it, promoting domain-

specific capacity (i.e., near transfer) [18]. Any gains on objective measures related to those 

domain-specific capacities are referred to as near transfer outcomes (i.e., improvements 

in working memory scores after completing CWMT). Though it has been theorized that 

these improvements may generalized even further, and also result in improvements in other 

cognitive domains (i.e., far transfer), a recent meta-analysis evaluating CWMT emcacy 

revealed minimal to no effect on far transfer skills (e.g., academic achievement, language 

abilities) [19].
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CWMT may be well-suited for adults with glioma given the high rates of objective and 

subjective executive dysfunction in this population and potential for improved quality 

of life. In a small case series of three patients with low grade glioma, preliminary 

evidence suggested improvements in working memory and attention (i.e., near transfer 

tasks) following CWMT [20]. A more recent trial in a mixed neurosurgery sample, including 

patients with glioma (46.7%), also found improvements on working memory tasks and 

self-reported quality of life, in addition to reduced depression and anxiety symptoms [21]. 

While these studies provide support for additional investigation of CWMT in adults with 

glioma, they did not directly address safety, feasibility, or acceptability of the intervention. 

Further, small and mixed-diagnosis samples make it diffcult to interpret the direct benefits or 

challenges of implementing CWMT within adult neuro-oncology.

While CWMT is a relatively low-risk intervention, there is a possibility that participation 

in this computer-based program could increase seizure incidence in patients with 

photosensitivity and associated seizure activity [22]. Approximately 40—60% of adults 

with glioma have a history of seizures [23]; thus, monitoring seizure frequency throughout 

CWMT protocol is critical in order to assess the safety of this intervention. While no 

adverse events as a result of CWMT have been previously reported in glioma patients [20, 

21], given the increased fatigue and high disease burden, safety will be closely monitored. 

Assessing feasibility and acceptability for patients with both high and low grade tumors 

during ongoing treatment is relevant as working memory deficits are common across tumor 

grade [24, 25]. The NIH Science of Behavior Change ORBIT model provides a pathway 

for establishing behavioral interventions as evidenced-based treatments for chronic diseases 

based on the phases followed in medication trials [26]. Given that this standardized CWMT 

protocol has demonstrated positive effects on neurocognitive functioning in other medical 

populations [15–17, 21], the aims of the current study were to evaluate the safety, feasibility, 

acceptability, and preliminary emcacy of CWMT in a sample of low and high grade adult 

patients with glioma—a Phase Ila, proof-of-concept, study.

Materials and methods

Procedure

Eligibility for this single-arm Phase Ila proof-of-concept study was determined based 

on routine clinical neuropsychological evaluation, which also served as their baseline 

assessment, once enrolled. Baseline evaluations occurred 1 to 4 weeks before beginning 

the CWMT protocol. All who enrolled in the study underwent an in-person introduction 

to CWMT followed by a 5-week at-home intervention consisting of 50-min online training 

sessions 5 days per week. There was no comparison or control group. During the first 

1–2 weeks, participants were offered weekly phone check-ins to troubleshoot difficulties 

(e.g., technological issues). Adverse events were monitored via weekly communication with 

patients as well as medical chart reviews. Program adherence was monitored by study 

staff. If participants missed more than 3 scheduled training sessions at any point during the 

intervention, a member of the study team attempted to contact them to identify the reason 

and offer support. Per CWMT protocol, 3 to 4 weeks following completion of at-home 

training, participants completed a post-CWMT neurocognitive evaluation including near-and 
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far-transfer tasks as well as questionnaires assessing domains of quality of life including 

subjective cognitive concerns and psychological symptoms. The same outcome measures 

were completed at 3- and 6-months post-CWMT. Safety, feasibility, and acceptability, as 

well as satisfaction were determined throughout the entire study period, from baseline to 

6-month follow-up. Statistical analyses to estimate effect sizes were conducted only from 

baseline to post-CWMT, as this was a proof-of-concept study.

Participants

Inclusion criteria: Participants were patients at an NCI-designated cancer center who met 

the following criteria: (1) glioma diagnosis confirmed by histopathology report or medical 

neuro-oncology team documentation; (2) able to read and understand English; (3) age ≥ 

18 years; (4) internet access; (5) completed radiation treatment; and (6) demonstrate either 

objective or subjective deficits in working memory. Objective deficits were defined as ≥ 1 

SD below their estimated intelligence—as measured by Advanced Clinical Solutions Test of 

Premorbid Functioning (TOPF) [27]—on the Digit Span subtest of the Repeatable Battery 

for the Assessment of Neuropsychological Status (RBANS) [28]. This method was used 

to account for deterioration relative to pre-tumor functioning, rather than using a cutpoint 

based on established norms which can fail to capture declines in functioning for those 

with high or low average estimated intelligence. Subjective deficits were defined by an age-

adjusted T-score ≥ 65 on the Working Memory subscale of the Behavioral Rating Inventory 

of Executive Function—Adult (BRIEF-A) [29]. There is precedence for these inclusion 

criteria in previous cognitive rehabilitation trials with glioma patients [30]—as they exhibit 

both objective [8] and subjective neurocognitive dysfunction in the domain of working 

memory [13]. If interested participants did not have a computer or tablet device, an iPad was 

loaned to them for the duration of CWMT. Chemotherapy treatment and tumor progression 

did not exclude participation as we were interested in the feasibility and acceptability of 

CWMT for our patients, many of whom remain on continuous chemotherapy and experience 

progression within a year of diagnosis.

Exclusion criteria: Individuals were ineligible if: (1) their cognitive/functional status 

was deemed impaired during the eligibility neuropsychological evaluation (e.g., dementia, 

aphasia); (2) their estimated intelligence was < 75; or (3) they were unable to understand and 

provide informed consent.

Measures

Safety was measured as the number of adverse events (AE). AES were defined as any 

event that occurred over the course of the study protocol that led to physical or emotional 

deterioration (see Table 1). Once recorded, the AE was investigated to determine whether it 

could be attributed to CWMT or the study procedures [31].

Feasibility and acceptability were operationalized based on guidelines for Phase IIa proof-

of-concept trials and previously published studies adhering to these recommendations, see 

Table 1 [26, 32–34].
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Near transfer outcomes, were scores on neurocognitive tests measuring working memory. 

Far transfer outcomes were scores on tests of divided attention and delayed memory. Quality 
of life was measured using subjective working memory impairment and self-report surveys 

of psychiatric distress. See Table 2 for outcome measure details.

Data analytic plan

To determine whether patients were eligible based on objective dysfunction, TOPF and Digit 

Span subtest scores on the RBANS were converted to z-scores, and the procedure described 

above was followed. To explore safety, feasibility, and acceptability, descriptive statistics 

and independent samples t-tests were used. To investigate preliminary emcacy, repeated 

measures ANOVAs of within-group change from baseline to post-CWMT were conducted 

on near- and far-transfer measures as well as subjective working memory impairment and 

psychiatric distress. No within-group analyses were completed for the three- and six-month 

follow-up time points as this was a preliminary study. Partial eta squared statistics were used 

to estimate effect sizes such tha t ≥0.02 = small, ≥0.13 = medium, and ≥0.26 = large effect. 

If variables had a non-normal distribution, the Wilcoxon ranksum test was used to assess 

baseline to post-intervention changes. Effect size was estimated by calculating the r statistic, 

with ≥0.10 = small, ≥0.30 = medium, and ≥0.5 = large effect. Given the preliminary nature 

of these analyses, no corrections for multiple comparisons were made.

Results

A total of 20 participants were enrolled and completed baseline evaluations. Participants 

were primarily female (60%), White (95%), an average of 47 years old (SD= 12.11) 

and with an average of 16.21 years (SD = 2.23) of education. Most participants were 

diagnosed with either an oligoden-droglioma (45%) or a glioblastoma multiforme (30%). 

Half the sample was off treatment at baseline (50%) and most had no history of progression 

(85%) at the time of enrollment. Full demographic and medical information is provided in 

Supplemental Table.

Safety

Reported AES included 4 hospitalizations, 1 seizure, and 6 reports of increased fatigue. 

Upon consultation with the neuro-oncology team following each incident, it was determined 

that disease progression or worsening disease burden, instead of CWMT or study protocol, 

were responsible for all AEs.

Feasibility of recruitment

Recruitment occurred from October 2017 to May 2019. A total of 63 patients were screened, 

with 37 meeting study eligibility criteria (59% eligibility rate). Of these, 9 (23%) met 

criteria based on objective working memory impairment, 18 (49%) met criteria based 

on subjective impairment and 10 (27%) met criteria based on both. Of the 37 eligible 

individuals referred to the study, 20 consented to participate, resulting in a 54% enrollment 

rate (see Fig. 1); four met criteria for objective working memory deficits (20%), 11 

for subjective working memory deficits (55%), and 5 for both (25%). A chi-square test 

compared the differences between enrollment status (enrolled or not) by objective versus 
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subjective working memory impairment. Those who met criteria for both were excluded for 

this analysis. There was no significant difference χ2(1) = 1.3, p = 0.26.

Acceptability of study procedures

Retention was 80% at post-CWMT assessment (16/20), 75% at 3-month follow-up (15/20), 

and 70% at 6-month follow-up (14/20). The two patients who dropped out in the follow-up 

period cited disease burden (e.g., fatigue) that would preclude cognitive testing. Compared 

to treatment completers, those who dropped out had higher self-reported depression [BDI-II: 

t(19)= –2.65, p = 0.02] and anxiety [GAD-7: [t(18)= – 2.46, p = 0.03]; no other differences 

were found (Supplemental Table).

Acceptability of the intervention

All patients who enrolled in the study completed at least one CWMT training session, for a 

total of 20 treatment initiators; 16 completed the intervention for an 80% treatment retention 

rate. Reasons for dropout included time commitment too great given other responsibilities of 

work and family (n = 2), brain tumor treatment-related fatigue (n = 1) and loss to follow-up 

(n = 1). Of the 16 treatment completers, 11 (68.8%) completed CWMT per protocol. Those 

who did not complete per protocol all eventually completed, but did so over a longer period 

of time than the requisite 5 weeks (ranging from 6 to 11 weeks). Reasons for nonadherence 

included self-reported brain tumor disease burden (n = 2), too time intensive (n = 2), and 

technological diffculties specific to the CWMT platform (n = 1).

Two patients dropped out during the follow-up period. Of those 14 patients who completed 

all study procedures, 10 responded to the investigator’s inquiry about their satisfaction with 

the intervention. Nine out of 10 reported benefit from the training (YIN), with an average 

rating of 6.7 out of 10 (1 = no benefit and the most benefit; mode = 5). Eight out of 10 

patients reported benefit to their working memory skills specifically (YIN), with an average 

rating of 5.8/10 (mode = 5). Eight out of 10 patients reported they would do the process 

again, and 9 out of 10 would recommend CWMT to someone else.

Preliminary effects of CWMT

Distributions of scores on near-transfer, far-transfer, and subjective working memory 

measures at baseline and post-CWMT are depicted in Fig. 2 and results of statistical 

comparisons are presented in Table 3. For near-transfer measures, there were medium to 

large effects and significant increases on WAIS Digit Span (ηp
2 = 0.35, p = 0.01) and WMS 

Symbol Span (ηp
2 = 0.25, p = 0.04) from baseline to post-CWMT. There was a small effect 

and no significant change on RBANS Digit Span (ηp
2 = 0.05, p = 0.40). With respect to 

far-transfer measures, there were medium effects but no statistically significant increases 

on TMT-B (ηp
2 = 0.20, p = 0.07) and RBANS-DM (ηp

2 = 0.16, p = 0.12). There were no 

changes on subjective working memory (i.e., BRIEF-A Working Memory; ηp
2 = 0.01, p = 

0.79). For measures of psychological distress, there was a small but nonsignificant effect of 

improvement on PHQ-9 (ηp
2 = 0.06, p = 0.35) and BDI-II (ηp

2 = 0.03, p = 0.55). There was 

no effect on GAD-7 (r = 0.08, p = 0.75) or BAI (r=0.08, p = 0.75).
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Discussion

This was the first evaluation of safety, feasibility, and acceptability of CWMT in adult 

patients with gliomas. We also investigated emcacy on near- and far-transfer neurocognitive 

tasks and measures of quality of life to estimate preliminary effect sizes for future 

randomized controlled trials.

With respect to safety, no adverse events were deemed to be study-related. Therefore, 

CWMT was found to be safe for these patients, even for those with a notable history of 

seizure. This finding is consistent with prior research showing CWMT to be safe for cancer 

patients with seizure history [17], though individuals with photosensitive seizures should 

continue to be excluded from future studies.

Nearly half of the adult patients with glioma seen for standard-of-care neuropsychological 

evaluation were eligible for participation in this study. The most common reason 

for ineligibility was no working memory impairment. Among those who enrolled, a 

higher percentage demonstrated subjective (55%) rather than objective working memory 

impairment (20%). Considered together, this suggests that limiting eligibility criteria to 

objective working memory deficits would yield a much smaller sample of potential 

participants. Furthermore, subjective working memory impairments may increase motivation 

to enroll in CWMT or, alternatively, objective working memory impairments may reduce 

ability to participate in CWMT. More research on reasons for declining participation as 

well as differences in eligibility on enrollment, retention, and adherence could help to 

clarify these possibilities. Ultimately, over half (54%) of those who met criteria consented 

to participate, demonstrating a relatively high enrollment rate for a neuro-oncology sample 

[30, 35], which suggests that the eligibility requirements and demand for CWMT may be 

adequate for larger scale trials.

Procedures were found to be acceptable based on dropout rates at each endpoint. There were 

no differences on sample characteristics or neurocognitive functioning between dropouts and 

treatment completers. However, dropouts reported higher levels of depression and anxiety 

symptoms. This is not surprising given the burden inherent in CWMT adherence, which may 

prevent those with psychological distress from engaging in the intervention. Therefore, the 

current procedures can be considered acceptable in those without significant psychological 

distress. In the presence of such distress, it may be appropriate to recommend psychotherapy 

prior to recommending CWMT.

Overall, results support the acceptability of CWMT for patients with glioma. There was 

an adequate retention rate of 80% at the end of CWMT, comparable to other clinical trials 

of cognitive rehabilitation programs in adults with gliomas [36, 37]. Ten percent of the 

treatment-initiator dropouts did so due to time burden, and 31 % of treatment completers 

were unable to adhere to the CWMT procedures largely due to a combination of high 

intervention burden and high disease burden. Taken together, it may be worth considering 

a less burdensome CWMT protocol, perhaps investigating a less time intensive intervention 

with respect to both frequency and length of training sessions. Individuals with high disease 

burden (e.g., progression, initiation of new treatments) may want to delay initiation of 
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the intervention protocol. Technological issues were reported by almost one-third of the 

treatment completers and should be explored further in future trials, including the cause 

(e.g., user error or platform related) and possible solutions.

Satisfaction surveys revealed that, on forced yes–no questions, patients were willing to 

complete the training program again (80%) and would recommend it to others (90%). 

However, when asked to rate the degree of benefit, it was only moderate. In combination 

with the reasons cited for drop out (e.g., high burden, fatigue), diffculty keeping pace 

with treatment protocol, and feedback given by participants throughout the intervention, 

adaptations are likely necessary to further improve perceived benefit. It is possible that 

social desirability may have inflated satisfaction ratings as these were administered over the 

phone and not in a written self-report survey. It could also be that while individuals may 

appreciate engaging in strategies to improve their cognitive functioning, the intervention as 

implemented is too burden-some, thus contributing to lower perceived benefit.

Preliminary emcacy was assessed for near- and far-transfer neurocognitive outcomes. Two 

of the three near-transfer tasks demonstrated improvements following CWMT with medium 

to large effect sizes. However, there was a small effect and no significant change on the 

RBANS Digit Span, one of the near-transfer tasks. This may represent a test-specific issue, 

given that the RBANS is a screener and may not be comprehensive enough to capture 

statistical change due to a ceiling effect. Taken together, our results provide evidence 

in line with previous literature on CWMT’s potential to improve near-transfer tasks [17, 

19, 21]. The medium effect size found for far-transfer outcomes is particularly promising 

given previous mixed results in non-glioma samples. Our results demonstrated improvement 

on divided attention and delayed memory, important abilities for daily functioning and 

maintained independence (e.g., management of finances). The near- and far-transfer benefits 

of CWMT for neurocognitive abilities are observable in the shifting distribution of scores 

(Fig. 2), despite the small sample in this proof-of-concept study. These findings support 

future evaluation of near- and far-transfer outcomes following CWMT in patients with 

glioma and encourage investigation of ecologically valid measures of cognition. Future 

research should also consider the potential effects of disease burden on intervention efficacy 

(e.g., tumor grade, disease progression, treatment regimen). While not assessed within this 

study, given that patients with high grade gliomas often undergo continuous treatment, 

assessing the role of these variables is necessary for future trials.

There was no evidence of improvement in subjective working memory following CWMT, 

which is surprising considering the high rates of subjective working memory impairment 

at baseline coupled with observed working memory improvements on neurocognitive tests. 

It may be tempting to interpret this as a function of low insight; however, research on 

subjective executive dysfunction in neuro-oncology patients has consistently demonstrated 

preserved insight based on patient-informant agreement [38–40]. The lack of improvement 

on subjective working memory impairment is in alignment with the neutral rating on 

perceived benefit from CWMT. Our findings also demonstrated little-to-no effect of CWMT 

on self-reported measures of psychological distress. Taken together, it may be that CWMT 

successfully trains aspects of neurocognitive function but these improvements did not 

transfer to improved patient-reported outcomes. This could be due to intervention burden 
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masking the positive effects on cognition. That is, it may be that despite successfully 

training on neurocognitive outcomes, the intensity of the intervention protocol coupled 

with glioma treatment and fatigue outweighed the potential benefit on quality of life. 

These findings contribute to the conclusion that despite some documented feasibility and 

acceptability along with promising effects on cognition, future work should investigate less 

demanding intervention protocols for improving quality of life.

This study has several limitations. First, the RBANS Digit Span subtest was used to 

determine objective working memory impairment; the RBANS subtests have demonstrated 

inferior psychometric properties when compared to more comprehensive neuropsychological 

measures, thus this may have affected recruitment feasibility as well as sample 

characteristics in unknown ways. Nevertheless, the method of comparing performance on 

the RBANS Digit Span to estimated intelligence to determine eligibility may have addressed 

the pathognomic tendency of the RBANS [41]. Second, in accordance with the ORBIT 

model, this phase IIa proof-of-concept did not include a comparison group (e.g., active or 

wait-list control) and findings are preliminary. Another limitation pertains to non-specific 

intervention elements which may contribute to outcomes: in the current study, CWMT 

coaching was used at study initiation and participant non-adherence. It is possible that 

the frequent communication and attention from study-team members may represent an 

unaccounted-for active element, with the potential to influence feasibility and acceptability 

outcomes. However, CWMT coaching may be difficult for many neuro-oncology programs 

to provide and could prevent successful dissemination and implementation. Additionally, the 

satisfaction surveys were not completed by those who dropped out, which likely skewed the 

results in a positive direction. Finally, the majority of the sample were women despite the 

majority of glioma patients being men [42], reducing the generalizability of the sample.

In conclusion, CWMT was safe for adults with glioma. Recruitment was feasible, largely 

due to the addition of subjective working memory complaints as eligibility criteria. 

Study procedures were acceptable for patients with minimal-to-mild psychological distress. 

Importantly, intervention burden and technological challenges were recorded in a small, 

but substantial, subset. Satisfaction may have been dampened by intervention burden with 

only moderate perceived benefit. Finally, moderate-to-large effects were found on near- and 

far-transfer neurocognitive tasks. However, this did not extend to patient-reported outcome 

measures, which showed little-to-no effect. Future studies should consider investigating less 

time-intensive CWMT protocols to accommodate the needs of adults with gliomas.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
CONSORT flow diagram; CWMT CogMed Working Memory Training
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Fig. 2. 
Scores on Outcome Measures from Baseline to Post-CWMT. Raincloud plots depict the 

distribution of scores on near-transfer (A, green), far-transfer (B, blue), and subjective 

working memory (C, orange) measures from baseline assessment (time 1, lighter shade) to 

post-CWMT (time 2, darker shade). Points represent individual patient scores and boxplots 

show the median and quartiles. RBANS DS RBANS Digit Span subtest, WAIS DS WAIS-

IV Digit Span subtest, WMS SS WMS-IV Symbol span, RBANS DM RBANS Delayed 

Memory subtest, TMT B Trail Making Test B, BRIEF-A WM BRIEF-A Working Memory. 

†p<0.01, *p <0.05, **p<0.01
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