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A B S T R A C T

Purpose
Neurotoxic effects of brain irradiation include cognitive impairment in 50% to 90% of patients. Prior studies
have suggested that donepezil, a neurotransmitter modulator, may improve cognitive function.

Patients and Methods
A total of 198 adult brain tumor survivors � 6 months after partial- or whole-brain irradiation were randomly
assigned to receive a single daily dose (5 mg for 6 weeks, 10 mg for 18 weeks) of donepezil or placebo. A
cognitive test battery assessing memory, attention, language, visuomotor, verbal fluency, and executive
functions was administered before random assignment and at 12 and 24 weeks. A cognitive composite
score (primary outcome) and individual cognitive domains were evaluated.

Results
Of this mostly middle-age, married, non-Hispanic white sample, 66% had primary brain tumors,
27% had brain metastases, and 8% underwent prophylactic cranial irradiation. After 24 weeks of
treatment, the composite scores did not differ significantly between groups (P � .48); however,
significant differences favoring donepezil were observed for memory (recognition, P � .027;
discrimination, P � .007) and motor speed and dexterity (P � .016). Significant interactions
between pretreatment cognitive function and treatment were found for cognitive composite (P �
.01), immediate recall (P � .05), delayed recall (P � .004), attention (P � .01), visuomotor skills (P
� .02), and motor speed and dexterity (P � .001), with the benefits of donepezil greater for those
who were more cognitively impaired before study treatment.

Conclusion
Treatment with donepezil did not significantly improve the overall composite score, but it did result in
modest improvements in several cognitive functions, especially among patients with greater pretreatment
impairments.

J Clin Oncol 33:1653-1659. © 2015 by American Society of Clinical Oncology

INTRODUCTION

Approximately 20% to 40% of the 1,665,450 newly
diagnosed patients with cancer in the United States in
2014willdevelopbrainmetastases, andat least200,000
will likelyundergowhole-brain irradiation(WBI).An-
other approximately 15,000 will undergo partial (PBI)
or WBI for treatment of a primary brain tumor.1

Neurotoxic effects of ionizing brain irradiation
can include cognitive impairment, leukoencepha-
lopathy, vasculopathies, and secondary neoplasms.2,3

Cognitive impairment associated with primary or
metastatic brain tumors and their treatments, in-
cluding radiation therapy, occurs in 50% to 90% of
patients and can have an adverse impact on patients’
functioning and quality of life.4-6

Cranial irradiation adversely affects the hip-
pocampus, important in learning, memory, and
mood regulation. Animal studies have demon-
strated that irradiation of brain cells adversely affects
neurochemical and morphologic markers for cho-
linergic neurons (eg, acetylcholine esterase)7 and
blocks the formation of new neurons in the dentate
gyrus of the hippocampus, which is associated with
impaired performance on short-term memory
tasks.8 In clinical studies, hippocampal-sparing cra-
nial radiation therapy results in less memory impair-
ment compared with standard techniques.9 Thus,
adverse effects of radiation therapy on neurons in
the hippocampus may explain some of the cognitive
impairment and mood disturbances commonly re-
ported by patients with brain tumors who undergo
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cranial irradiation and provide a rationale for the use of cholinergic
neurotransmitter modulators in the treatment of radiation-associated
neurocognitive symptoms.

In a recent Radiation Therapy Oncology Group study, adult
patients with metastatic brain tumors undergoing a course of fraction-
ated WBI who were concurrently treated for 24 weeks with a daily dose
of memantine 20 mg showed less decline in memory and a longer time
to cognitive decline compared with patients receiving placebo.10 Shaw
et al11 reported positive results in an open-label phase II study of 34
adult patients with primary and metastatic brain tumors who had
undergone a course of PBI or WBI � 30 Gy at least 6 months before
enrollment and who received donepezil (5 mg per day for 6 weeks
followed by 10 mg per day for 18 weeks) for 24 weeks. They observed
significant improvements in cognitive functioning (attention, con-
centration, memory, and verbal fluency), self-reported cognitive
problems, mood, fatigue, and quality of life.11 Although these results
are encouraging, the lack of a control group leaves open the possibility
that the observed improvements may be attributable to nontreatment
effects (eg, test-taking practice effects, statistical regression).

Donepezil hydrochloride is a piperdine derivative that reversibly
inhibits acetylcholine esterase; it is highly selective for acetylcholine
esterase and well tolerated.12 Donepezil has demonstrated efficacy in
those with moderate to severe Alzheimer’s dementia.13,14 Donepezil
has also improved cognitive functioning in patients with Parkinson’s
disease,15 multiple sclerosis,16 and traumatic brain injury17 as well as in
healthy young adults.18 In addition to the known direct effects on
neuronal function, donepezil also increases cerebral perfusion in brain
regions critical to cognitive processing.19

We tested whether 24 weeks of treatment with donepezil im-
proved cognitive functioning in adult brain tumor survivors who had
completed a course of either PBI or WBI � 6 months before enroll-
ment compared with placebo. Secondary end points included im-
provement in specific cognitive functions, fatigue, and quality of life.
The protocol was approved by the National Cancer Institute and the
Wake Forest University Health Sciences Institutional Review Board.

PATIENTS AND METHODS

Sample

Participants included adult (age � 18 years) primary or metastatic brain
tumor survivors who had completed a course of fractionated PBI or WBI of at
least 30 Gy � 6 months before enrollment, had no imaging evidence of disease
progression within 3 months before enrollment, had a life expectancy � 6
months, had an Eastern Cooperative Oncology Group score � 2, were not
using cognition-enhancing medications or undergoing or planning to un-
dergo therapies except hormonal treatments or herceptin for the next 6
months, and were not pregnant. Participants were enrolled at two academic
medical centers (Wake Forest University Baptist Medical Center and MD
Anderson Cancer Center), 21 community clinical oncology programs
(CCOPs) affiliated with the National Cancer Institute–approved Wake Forest
CCOP Research Base, and three cancer trial support unit sites.

Design

This was a randomized, double-blind, placebo-controlled clinical trial in
which eligible participants were assigned with equal probability to receive a
single daily 5-mg dose of donepezil for 6 weeks, which was escalated to 10 mg
per day for 18 weeks if well tolerated, or matching placebo (Fig 1). Drug and
placebo were overencapsulated and distributed to the study sites by Biologics
(Raleigh, NC). Participants were administered the outcome measures before

random assignment, 12 weeks random assignment, and 24 weeks random
assignment, when active treatment was terminated.

Measures

Verbal learning and memory were assessed with the Hopkins Verbal
Learning Test–Revised (HVLT-R).20 HVLT-R variables included learning (to-
tal recall, sum of three learning trials; score range, 0 to 36), memory (delayed
recall [DR], trial four; score range, 0 to 12), percent savings ([DR � highest of
last two learning trials] � 100; score range, 0-100), recognition memory (true
positives [TPs]; score range, 0 to 12), and discrimination (TPs minus false
positives; score range, �12 to 12). The modified Rey-Osterreith Complex
Figure (mROCF)21 assessed visuomotor skills (mROCF copy; score range, 0 to
24), immediate figural recall (score range, 0 to 24), and delayed figural recall
(score range, 0 to 24). The Trail Making Test Parts A (TMT-A) and B (TMT-
B)22 assessed attention (TMT-A) and executive function (TMT-B). Verbal
fluency was assessed with the Controlled Oral Word Association Test.23 Con-
centration and working memory were measured with the Digit Span Test
(DST),24 with forward (score range, 0 to 14), backward (score range, 0 to 14),
and total scores (forward plus backward; score range, 0 to 28). Motor speed
and dexterity were measured with the Grooved Pegboard25 for the dominant
(GP-D) and nondominant hands. A summary cognitive composite score was
computed by standardizing (z score) eight individual test scores representing
the major cognitive domains (HVLT-R total recall, HVLT-R DR, mROCF
delayed figural recall, DST total, Controlled Oral Word Association Test,
TMT-A, TMT-B, and GP-D) using pretreatment overall means and standard
deviations. The negatives of the TMT-A, TMT-B, and GP-D standardized
scores were used in calculating the composite scores. In addition, log transfor-
mations were used for TMT-A and TMT-B scores (before standardizing)
because of skewness in the original distributions.

Analysis

The primary objective of this randomized trial was to assess the effect of
donepezil on overall cognitive performance after 24 weeks of therapy. We also
assessed the effect of donepezil on specific cognitive functions. Patients were
stratified by accruing site (academic centers v CCOP sites) and type of irradi-
ation (whole v partial) and assigned within strata to receive donepezil or
placebo with equal probability using variably sized permuted-block random-
ization. The study was powered to detect a 0.23-unit difference in overall
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      intervention
   Did not receive allocated 
      intervention

Randomly assigned 
(N = 198)

(n = 99)
(n = 99)

(n = 0)

Allocated to control
   Received allocated 
      intervention
   Did not receive allocated 
      intervention

(n = 99)
(n = 97)

(n = 2)

Dropped between 
   0 and 12 weeks
Dropped between 
   12 and 24 weeks

(n = 21)

(n = 6)

†

Dropped between 
   0 and 12 weeks
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   12 and 24 weeks

(n = 21*)

(n = 4)
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Analyzed
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†

Fig 1. CONSORT diagram. (*) Including two who did not receive intervention.
(†) Additional nine patients receiving donepezil and four patients receiving
placebo discontinued therapy before 24 weeks but remained in study and
completed questionnaires. (‡) All patients were included in some analyses (eg, all
patients used in imputation models); those with post–random assignment data
(n � 156) were used in primary analyses (repeated measures mixed models).
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objective cognitive function between the two groups, with 90% power at the
5% two-sided level of significance, assuming a standard deviation for the
overall cognitive score of 0.82 and a pre–post correlation of 0.87, based on data
collected in an earlier pilot study.11 We planned for one interim analysis (after
67 patients had been observed for 24 weeks) using a two-stage group sequential
design that was intermediate to the designs of Pocock26 and O’Brien-
Fleming27 in its degree of conservativeness.28 The trial would be stopped and
the null hypothesis rejected if the two-sided P value comparing the two arms
were � .0128. Otherwise, the study would continue and the null hypothesis
would be rejected at the final analysis if the two-sided P value were � .0434.
With an expected dropout rate of approximately 35%, the required sample size
was 100 patients per group. Dropouts were fewer than anticipated, and accrual
was stopped after 198 participants.

The �2, Fisher’s exact, and Wilcoxon rank sum tests were used to assess
pretreatment group differences in categorical and continuous variables as well
as differences between those patients who did and did not complete the study.
A repeated measures mixed-effect model was used to assess treatment differ-
ences in cognitive function and obtain least squares estimates of the measures
over time. An unstructured covariance matrix was used to model the correla-
tion in outcomes over time. Initially, unadjusted models were fitted for each
outcome, which included treatment group, time, strata, and pretreatment level
of the outcomes. The primary interest was in the effect of donepezil on
cognitive function at 24 weeks, and this effect was assessed using a linear
contrast within the mixed model. Separate adjusted models were then fitted,
which also included the following covariates: age (years), time since diagnosis
(years), race (non-Hispanic white v other), sex, and education (� high school,
some college, or � college). Because we had some dropout (resulting in mostly
monotone missing data), multiple imputation was used to assess the sensitivity
of our results to the mixed model missing at random assumption. To be
conservative, we assumed that all dropouts would follow a pattern similar to
that seen among the control patients.29 One hundred data sets were generated
using the SAS MI procedure, a repeated measures mixed model was run on
each data set, and results were combined using the SAS MIANALYZE proce-
dure (SAS Institute, Cary, NC).30 In addition, covariates related to missing
data were included in adjusted mixed models.

The primary outcome was the cognitive composite score. All participants
who provided data were included in the analyses, even those who were never
treated and those who stopped treatment prematurely. The imputation anal-
yses included all patients, even those with only pretreatment data. Secondary
analyses included group comparisons for individual cognitive parameters.
Each outcome was assessed at the .05 level of significance; we did not adjust for
multiple tests. Pre- and post-treatment (week 24) scores are presented.

RESULTS

Pretreatment Characteristics of Participants

Characteristics for study participants are listed in Table 1. The
sample consisted of mostly middle-age, married, non-Hispanic whites
with some post–high school education. Most participants had Eastern
Cooperative Oncology Group scores of 0 to 1; 66% had primary brain
tumors, and 27% had brain metastases; 8% had undergone prophy-
lactic cranial irradiation. The time since diagnosis ranged from 7 to
423 months, with a median of 38 months. Pretreatment patient char-
acteristics did not differ significantly between groups.

Overall study retention at 24 weeks was 74% and did not differ
between groups (P � .75; Appendix Table A1, online only). Self-
reported adherence to treatment (mean percent ideal dose) was 92%
for participants receiving donepezil and 91% for those receiving pla-
cebo (P � .73). Donepezil was well tolerated; the most common
toxicity reported was fatigue (donepezil, 58%; placebo, 67%; P � .24),
and only diarrhea was significantly different between groups (donepe-
zil, 25%; placebo, 9%; P � .005). Of the 153 patients who returned

diaries and remained in the study longer than 6 weeks, only four (3%)
did not have their dose escalated.

To characterize the level of cognitive impairment before study
treatment in our sample, we calculated the difference between indi-
vidual test means and mean scores from noncancer normative com-
parison groups, with the mean difference expressed in standard
deviation units (z scores; Table 2). Impairment severity varied across
cognitive tests but was worse than the respective comparison group for
almost all test parameters. The greatest impairment was observed for
verbal memory (HVLT-R), motor speed and dexterity (Grooved Peg-
board), attention (TMT-A), and executive function (TMT-B). For
each cognitive test, scores ranged from worse than to better than the
comparison group, indicating heterogeneity within the sample.

Treatment Effects on Cognitive Functioning

Table 3 lists the sample raw scores before study treatment and
least squares mean scores (SEs) by group for all cognitive variables
after 24 weeks of treatment. Cognitive scores improved over the
course of the study in both groups. After 24 weeks of treatment, the
cognitive composite scores did not differ significantly between groups
during the interim analysis (P � .83) or at the end of the study (P �
.48), indicating no overall cognitive benefit of treatment. Significant
group differences favoring donepezil were observed for recognition
memory (HVLT-R discrimination, P � .007; HVLT-R TP, P � .027)
and motor speed and dexterity (GP-D, P � .016). Participants who
dropped out of the study were similar to those who remained in the
study regarding most characteristics. On average, they were less edu-
cated (P � .006) and had lower incomes (P � .019), smaller brain
volume (P � .012), and more hippocampal involvement (P � .048).
Mixed models run with and without those variables (except income,
which was highly related to education and was missing for 16% of
participants) produced identical conclusions regarding the treatment
effect. The group differences for HVLT-R discrimination and GP-D
remained marginally significant when analyses were repeated using
multiple imputation assuming all dropouts followed the pattern seen
in the control group (P � .046 and .055, respectively). The group
difference in HVLT-R TP was reduced from 0.57 to 0.46, with a
P value of .090. Groups were not significantly different for other
cognitive variables.

Given the heterogeneity of cognitive impairment before treat-
ment in our sample, we examined whether treatment effects varied by
pretreatment cognitive function level. Significant interaction effects
were found for the cognitive composite score (P� .01) and immediate
recall (HVLT-R immediate recall, P � .05), delayed recall (HVLT-R
percent savings, P � .004), attention (DST forward, P � .01), visuo-
motor skills (mROCF copy, P � .02), and motor speed and dexterity
(GP-D, P � .001). For all interactions except on mROCF copy, as
pretreatment cognitive performance level worsened, the donepezil
group tended to outperform controls.

DISCUSSION

This randomized placebo-controlled clinical trial assessed the effect of
a daily dose of donepezil on cognitive function among long-term adult
brain tumor survivors after a course of fractionated WBI or PBI. By the
end of study treatment, both groups had performed comparably on a
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composite measure of overall cognitive functioning. However, exam-
ination of group differences for individual cognitive domains revealed
a significant but modest benefit of donepezil compared with placebo
for memory and motor speed and dexterity. Significant interactions
were found between pretreatment cognitive function and treatment
for overall cognitive functioning, memory, working memory, motor
speed and dexterity, and executive function, indicating that the benefit
from donepezil increased as the pretreatment level of cognitive im-
pairment increased. This suggests that treatment with a daily dose of
donepezil can provide benefit to some adult long-term brain tumor
survivors after PBI or WBI, particularly those with greater pretreat-
ment cognitive impairment.

Results from this study were consistent with those reported by
Shaw et al11 in their open-label phase II study of donepezil, which
used the same neurocognitive battery, dose regimen of donepezil,
and patient population as our study. They found significant pre- to
post-treatment improvement in cognitive function after 24 weeks

Table 1. Demographic and Clinical Variables by Treatment Group

Characteristic

Donepezil
Group

(n � 99)

Control
Group

(n � 99)

No. % No. %

Age, years
Median 56 54
Range 19 to 84 19 to 81
� 50 58 59 61 62

Months since diagnosis
Median 37.7 39.9
Range 7.3 to 298.4 8.8 to 423.2
� 36 51 52 55 56

BMI, kg/m2

Median 27.2 27.9
Range 17.3 to 49.4 18.4 to 41.1
� 25 (underweight to normal) 36 36 28 28
25 to 30 (overweight) 31 31 36 36
� 30 (obese) 32 32 35 35

Strata
WBI, WFU 10 10 10 10
WBI, CCOP 30 30 30 30
PBI, WFU 30 30 30 30
PBI, CCOP 29 29 29 29

ECOG performance status
0 49 49 45 45
1 46 46 48 48
2 4 4 6 6

Sex
Female 56 57 50 51
Male 43 43 49 49

Race
Hispanic 1 1 0 0
Asian 1 1 0 0
Black 7 7 9 9
White 90 91 90 91

Marital status�

Single 12 12 10 10
Married or married-like 66 67 73 74
Separated, divorced, or widowed 21 21 15 15

Education�

� High school 29 29 33 34
Vocational or some college 39 39 40 42
� College graduate 31 31 23 24

Income, US$�

� 20,000 31 36 34 42
20,000 to 50,000 31 36 27 33
� 50,000 24 28 20 25

Work outside home� 28 28 31 32
Diagnosis

Primary brain tumor 65 66 65 66
Brain metastasis 27 27 26 26
PCI 7 7 8 8

Primary tumor type n � 65 n � 65
Glioblastoma multiforme 15 23 8 12
Anaplastic astrocytoma 4 6 10 15
Anaplastic oligodendroglioma 8 12 8 12
Anaplastic oligoastrocytoma 2 3 1 2
Anaplastic ependymoma 3 5 1 2
Anaplastic mixed glioma 0 0 1 2
Low-grade astrocytoma 5 8 1 2

continued in next column

Table 1. Demographic and Clinical Variables by Treatment Group (continued)

Characteristic

Donepezil
Group

(n � 99)

Control
Group

(n � 99)

No. % No. %

Low-grade oligodendroglioma 5 8 8 12
Low-grade oligoastrocytoma 0 0 1 2
Meningioma 13 20 9 14
Pilocycstic astrocytoma 2 3 4 6
Other 8 12 13 20

Metastasis site n � 34 n � 34
Lung 19 57 21 62
Breast 9 27 7 21
Other or unknown 6 18 6 18

Brain volume, cm3�

Median 1,104 1,135
Range 865 to 1,421 901 to 1,624
� 1,200 22 22 30 32

CSF volume, cm3�

Median 211 204
Range 101 to 376 101 to 367
� 200 54 55 48 51

Brain or intracranial volume, %�

Median 84.0 84.5
Range 74.9 to 91.1 74.8 to 92.0

Lesion or resection volume, cm3�

0 9 9 14 15
� 15 64 65 59 61
� 15 25 26 23 24

Hippocampus involvement� 13 13 10 10
Location�

Frontal 29 32 33 39
Parietal 17 19 11 13
Occipital 6 7 5 6
Temporal 19 21 14 16
Basal ganglia 7 8 8 9
Cerebellum 9 10 8 9
Brainstem or spinal cord 3 3 6 7

Abbreviations: BMI, body mass index; CCOP, community clinical oncology
program; ECOG, Eastern Cooperative Oncology Group; PBI, partial-brain
irradiation; PCI, —prophylactic cranial irradiation; WBI, whole-brain irradiation;
WFU, Wake Forest University.

�Some missing data.
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of donepezil treatment. A key difference between the Shaw et al
study and ours was our inclusion of a placebo control group. In our
study, the improvement in cognitive function occurred in both
groups, suggesting that some of the improvements in cognitive
functioning in the Shaw et al study might have resulted from
practice effects or statistical regression.

Like Shaw et al,11 we enrolled patients regardless of their cogni-
tive functioning. The level of cognitive impairment in our participants
relative to noncancer normative groups was quite high; 91% (181 of

198) of participants had at least one test score � 1.5 standard devia-
tions worse than the normal comparison group before study treat-
ment, and 97% (192 of 198) had at least one score � 1.0 standard
deviation worse. Interestingly, we had wide variability of scores on
most measures, ranging from significantly worse than to better than
noncancer comparison groups. This heterogeneity may help to ex-
plain why we did not find more robust treatment effects. When we
examined whether pretreatment cognitive performance level inter-
acted with treatment, we observed improvement in performance fa-
voring the donepezil group as pretreatment cognitive impairment
worsened. This indicates that brain tumors and their treatments, in-
cluding cranial irradiation, are associated with clinically significant
cognitive impairment among some but not all patients. In future
studies, demonstrable cognitive impairment should be an inclusion
criterion for enrollment.

Correa et al31 reported that patients with low-grade glioma
treated with radiation therapy or chemotherapy exhibited deficits
in motor speed and executive function compared with untreated
patients and that over a 12-month follow-up period, there was no
significant improvement. We too found motor speed and dexterity
assessed with the same test were impaired at enrollment, but pa-
tients treated with donepezil improved significantly more than
untreated controls.

Brown et al10 tested whether 24 weeks of memantine, a glutama-
nergic N-methyl-D-aspartate receptor antagonist affecting cortical
and hippocampal neurons, reduced cognitive impairment of patients
with brain metastases undergoing WBI compared with placebo. Sim-
ilar to our study, they found no overall cognitive benefit after 24 weeks
of treatment with memantine, but they did observe a modest benefit in
memory. Thus, neurotransmitter regulators like memantine and
donepezil, which are used widely in the treatment of primary

Table 2. Medians and IQRs for Cognitive Variables at Enrollment

Variable No. Median

IQR

Q1 Q3

HVLT-R total 198 �1.60 �2.49 �0.60
HVLT-R delayed recall 198 �1.65 �2.86 �0.46
HVLT-R percent savings 198 �0.95 �2.50 0.04
HVLT-R recognition 198 �0.62 �2.87 0.44
HVLT-R discrimination 198 �0.61 �1.97 0.14
COWA 198 �1.12 �1.92 �0.22
DST total 198 �0.33 �1.00 0.33
mROCF copy 197 �0.14 �1.10 0.81
mROCF immediate recall 197 0.23 �0.71 0.96
mROCF delayed recall 197 0.17 �0.98 0.90
TMT-A 198 �1.03 �2.48 0.18
TMT-B 198 �2.62 �5.84 �0.73
GP dominant 194 �3.13 �5.59 �1.22
GP nondominant 194 �2.86 �6.88 �1.24

Abbreviations: COWA, Controlled Oral Word Association Test; DST, Digit
Span Test; GP, Grooved Pegboard; HVLT-R, Hopkins Verbal Learning Test–
Revised; IQR, interquartile range; mROCF, modified Rey-Osterreith Complex
Figure; TMT-A, Trail Making Test Part A; TMT-B, Trail Making Test Part B.

Table 3. Pretreatment Raw Means and Post-Treatment (24 weeks) LS Means for Cognitive Function Scores by Treatment Group

Measure

Pretreatment

Post-Treatment

Donepezil Group Control Group

Difference 95% CI P†Mean SD No.� LS Mean SE No.� LS Mean SE

Cognitive composite 0.00 0.73 72 0.22 0.04 72 0.19 0.04 0.03 �0.06 to 0.13 .484
HVLT-R total 20.29 6.42 72 22.48 0.45 73 22.16 0.45 0.32 �0.93 to 1.56 .617
HVLT-R delayed recall 6.23 3.47 72 7.11 0.25 73 6.76 0.25 0.35 �0.36 to 1.06 .334
HVLT-R percent savings 71.16 33.27 72 78.54 3.02 73 74.58 3.02 3.95 �4.48 to 12.39 .356
HVLT-R recognition 10.32 1.86 72 10.91 0.18 73 10.34 0.18 0.57 0.07 to 1.07 .027
HVLT-R discrimination 9.35 2.34 72 10.10 0.24 73 9.16 0.24 0.94 0.26 to 1.62 .007
COWA 29.97 12.96 72 32.27 0.82 73 33.19 0.82 �0.92 �3.21 to 1.37 .428
DST forward 9.56 2.52 72 10.33 0.23 73 10.27 0.22 0.06 �0.56 to 0.68 .851
DST backward 5.46 2.32 72 5.60 0.22 73 6.00 0.22 �0.39 �1.01 to 0.22 .210
DST total 15.02 4.29 72 15.46 0.36 73 15.62 0.35 �0.16 �1.16 to 0.83 .744
mROCF copy 21.07 3.41 72 20.30 0.34 72 20.99 0.34 �0.70 �1.64 to 0.25 .146
mROCF immediate recall 15.55 5.66 72 17.19 0.36 72 17.69 0.36 �0.50 �1.50 to 0.51 .331
mROCF delayed recall 14.65 5.76 72 16.83 0.40 71 17.22 0.40 �0.39 �1.50 to 0.72 .485
TMT-A 50.70 31.32 72 51.38 3.50 73 53.20 3.49 �1.82 �11.57 to 7.92 .713
TMT-B 144.80 88.84 72 136.74 6.30 71 135.13 6.39 1.62 �16.09 to 19.32 .857
GP dominant 117.40 55.10 71 105.06 3.42 70 116.99 3.49 �11.92 �21.58 to �2.27 .016
GP nondominant 131.16 59.08 71 127.25 3.03 71 127.26 3.02 �0.01 �8.45 to 8.42 .997

Abbreviations: COWA, Controlled Oral Word Association Test; DST, Digit Span Test; GP, Grooved Pegboard; HVLT-R, Hopkins Verbal Learning Test–Revised; LS,
least squares; mROCF, modified Rey-Osterreith Complex Figure; SD, standard deviation; TMT-A, Trail Making Test Part A; TMT-B, Trail Making Test Part B.

�No. with 24-week measurements.
†Unadjusted for multiple comparisons.
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degenerative and vascular dementias,32 can provide some benefit to
brain tumor survivors during and after brain irradiation treatment.

There are several limitations to our study. The choices of done-
pezil dose and duration of treatment were made based on studies of
patients with Alzheimer’s dementia.32 Greater benefit might have
occurred with a higher dose of donepezil or longer treatment dura-
tion. In a recent international study, donepezil 23 mg per day was
associated with significantly greater cognitive benefit than donepezil
10 mg per day in patients with moderate to severe Alzheimer’s demen-
tia.33 This study was not powered to examine differences between
patients with different underlying disease properties, tumor types, or
tumor locations. The measured cognitive deficits could have resulted
from radiation therapy effects, tumor effects, surgery, chemotherapy,
or premorbid factors. The impact of the measured benefit on overall
quality of life was uncertain, and an analysis of quality-of-life measures
is planned. Finally, multiple cognitive outcomes were assessed, which
increases the likelihood of false-positive findings. However, the results
are consistent in that it was memory and motor speed and dexterity
that were improved with donepezil.

The strengths of our study include its size, reasonable retention
and adherence rates, geographic diversity of the sample, and use of
well-validated cognitive measures.

In conclusion, neurotransmitter regulators like the reversible
acetylcholine esterase inhibitor donepezil can play a role in treating
cognitive impairment associated with brain cancer and its treat-
ments. In our study, we found that treatment with donepezil did
not result in an overall improvement in cognitive function. How-
ever, there were modest improvements in several key cognitive

functions, especially among patients with greater pretreatment
cognitive impairment. With survivorship improving, the identifi-
cation of effective treatments for the consequences of having and
treating primary and metastatic brain tumors is crucial for the
protection of patients’ quality of life.
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Appendix

Table A1. Demographic and Clinical Variables by Completion Status

Characteristic

Dropped Out (n � 52) Completed (n � 146)

PNo. % No. %

Age, years
Median 55 55
Range 19 to 83 20 to 84
� 50 32 62 87 60

Months since diagnosis
Median 34.8 39.7
Range 8.8 to 228.0 7.3 to 423.2
� 36 26 50 80 55

BMI, kg/m2

Median 28.5 27.1
Range 17.7 to 38.9 17.3 to 49.4
� 25 (underweight to normal) 14 27 50 34
25 to 30 (overweight) 19 37 48 33
� 30 (obese) 19 37 48 33

Strata
WBI, WFU 4 8 16 11
WBI, CCOP 20 38 40 27
PBI, WFU 14 27 46 32
PBI, CCOP 14 27 44 30

ECOG performance status
0 22 42 72 49
1 25 48 69 47
2 5 10 5 3

Sex
Female 33 63 73 50
Male 19 37 73 50

Race
Hispanic 0 0 1 1
Asian 1 2 0 0
Black 5 10 11 8
White 46 88 90 91

Marital status�

Single 9 18 13 9
Married or married-like 34 67 105 72
Separated, divorced, or widowed 8 16 28 19

Education� .006
� High school 24 48 38 26
Vocational or some college 19 38 60 41
� College graduate 7 14 47 32

Income, US$� .019
� 20,000 23 51 42 34
20,000 to 50,000 17 38 41 34
� 50,000 5 11 39 32

Work outside home� 14 27 45 31
Diagnosis

Primary brain tumor 31 60 99 68
Brain metastasis 15 29 38 26
PCI 6 12 9 6

Primary tumor type n � 31 n � 99
Glioblastoma multiforme 4 13 19 19
Anaplastic astrocytoma 3 10 11 11

continued on following page
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Table A1. Demographic and Clinical Variables by Completion Status (continued)

Characteristic

Dropped Out (n � 52) Completed (n � 146)

PNo. % No. %

Anaplastic oligodendroglioma 6 19 10 10
Anaplastic oligoastrocytoma 1 3 2 2
Anaplastic ependymoma 2 6 2 2
Anaplastic mixed glioma 0 0 1 1
Low-grade astrocytoma 1 3 5 5
Low-grade oligodendroglioma 0 0 13 13
Low-grade oligoastrocytoma 0 0 1 1
Meningioma 7 23 15 15
Pilocycstic astrocytoma 2 6 4 4
Other 5 16 16 16

Metastasis site n � 21 n � 47
Lung 11 52 29 62
Breast 8 38 8 17
Other or unknown 2 10 10 21

Brain volume, cm3�

Median 1,086 1,144
Range 865 to 1,382 901 to 1,624
� 1,200 8 16 44 31

CSF volume, cm3�

Median 213 206
Range 122 to 315 101 to 376
� 200 27 53 75 53

Brain or intracranial volume, %� .012 (continuous); .035 (dichotomous)
Median 83.4 84.5
Range 78.1 to 89.5 74.8 to 92.0

Lesion or resection volume, cm3�

0 7 14 16 11
� 15 36 71 87 61
� 15 8 16 40 28

Hippocampus involvement� 10 19 13 9 .048
Location�

Frontal 16 36 46 35
Parietal 4 9 24 18
Occipital 5 11 6 5
Temporal 6 13 27 21
Basal ganglia 4 9 11 8
Cerebellum 7 16 10 8
Brainstem or spinal cord 3 7 6 5

Abbreviations: BMI, body mass index; CCOP, community clinical oncology program; ECOG, Eastern Cooperative Oncology Group; PBI, partial-brain irradiation;
PCI, prophylactic cranial irradiation; WBI, whole-brain irradiation; WFU, Wake Forest University.

�Some missing data.
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