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Abstract Limited research is available regarding the
efficacy of psychostimulants in treating cognitive function
in primary brain tumor patients. An open-label, randomized, pilot trial examined both the general and differential
efficacy of 4 weeks of methylphenidate (MPH) and modafinil (MOD) in 24 brain tumor patients. Participants
completed cognitive tests and self-report measures of
fatigue, sleep disturbance, mood and quality of life at
baseline and after 4 weeks.
Following stimulant treatment, there was evidence of a
beneficial effect on test performance in speed of processing
and executive function requiring divided attention. Patients
with the greatest deficit in executive function at baseline
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appeared to derive the greatest benefit following stimulant
therapy. Inconsistent, differential effects were found on a
measure of attention in favor of MPH and on a measure of
processing speed in favor of MOD. There was also evidence of a general beneficial effect on patient-reported
measures of fatigue, mood, and quality of life, with no
statistically significant differences between treatment arms
in these measures over time. The results from this small
pilot study should be interpreted with caution, but appear to
warrant additional research, in larger study samples, targeting fatigue, processing speed and executive function,
and exploring different doses of stimulants. Future studies
may also wish to explore the specific patient factors that
may be associated with responsiveness to psychostimulant
treatment.
Keywords Cognitive deficit  Brain tumor 
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Introduction
Impaired cognitive function including inattention and slowed information processing is common in patients with a
primary brain tumor (PBT) and may be caused by the tumor
itself and/or treatment [1]. There is limited empirical evidence supporting interventions to improve cognitive dysfunction in PBT patients. However, in recent years interest
has grown resulting in studies of both cognitive rehabilitation approaches and pharmacological treatments [2].
With respect to the pharmacological treatment of cognitive deficits, psychostimulants, such as methylphenidate
(MPH), have been most studied. MPH is a mild central
nervous system stimulant, with pharmacologic properties
similar to those of amphetamine. It increases synaptic
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concentrations of dopamine and norepinephrine in the
brain [3, 4], ultimately enhancing neural signal processing,
predominantly within the prefrontal cortex [5]. Clinically
relevant doses of MPH have been shown to improve cognitive processes in humans with and without attention
deficit [5]. Besides MPH’s traditional use in the treatment
of attention deficit and narcolepsy, it has also been studied
in Parkinson’s disease [6], traumatic brain injury [7],
medically ill older adults, and healthy individuals [8],
based on its potential effects on cognitive function,
depression and fatigue. However, a potential disadvantage
of immediate release (IR) MPH is a relatively short half life
requiring dosing two to three times a day. This practical
limitation led to the development of sustained release (SR)
MPH, which offers the convenience of once-daily dosing.
Modafinil (MOD) has also been developed and marketed as a novel wakefulness promoting drug. Originally,
the mechanism of action of MOD was thought to differ
from that of stimulant medications in that it was believed to
have a nondopamine mechanism that would have more
selective effects on cognitive function than MPH by specifically targeting aspects of attention and inhibitory control [9]; [10–12]. However, recent findings have provided
evidence for the role of dopamine and norepinephrine in
MOD’s pharmacological actions [9, 13, 14]. MOD has
traditionally been prescribed to treat narcolepsy and other
sleep disorders. However, it has also been studied in populations with attention deficit, schizophrenia [14], multiple
sclerosis [15] and cancer [16], and healthy and sleepdeprived individuals [8] to enhance cognitive functioning
and ameliorate fatigue.
Limited research is available regarding the efficacy of
these psychostimulants in treating impaired cognitive
function among PBT patients. Three studies using either
MPH or MOD reported positive effects on various cognitive domains, however they did not include a non-treatment
control group to account for practice effects and nonspecific treatment effects [17–19]. The one double-blind randomized placebo-controlled study [20] that assessed the
effect of prophylactic dexmethylphenidate in patients
undergoing radiotherapy was closed prematurely owing to
slow accrual and high drop-out. Underpowered analyses
did not provide evidence of any positive effect on fatigue
or cognitive functioning.
On the contrary, numerous studies have been conducted
on the use of psychostimulants to reduce fatigue and
depression among (non-brain) cancer patients, reporting
modest successes [21, 22], and indicating acceptable safety
and tolerance [23]. Furthermore, the efficacy of both MPH
and MOD for improving cognitive function in this population has also received attention from researchers [24–30].
The objective of the current open-label, randomized
pilot trial was to compare IR-MPH with SR-MPH and
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MOD for the improvement of cognitive function and
symptoms in PBT patients. Based on the early assumptions
about the more selective mechanisms of action of MOD, it
was hypothesized that MOD would have greater effects
than MPH on measures of attention. Furthermore, it was
expected that patients receiving MPH, regardless of form
(i.e., IR versus SR) would demonstrate greater improvement relative to MOD treated patients on tests of memory,
psychomotor processing speed and selective tests of
executive function, consistent with the findings in an earlier
phase I study [18]. Both MPH and MOD were expected to
produce similar improvement on measures of fatigue,
sleep, mood and quality of life.

Methods
Participants
An open-label, randomized, pilot trial was designed to
measure the differential efficacy of IR-MPH, SR-MPH, and
MOD for the treatment of cognitive dysfunction and
symptoms among PBT patients. This trial was approved by
the institutional review board of the University of Texas M.
D. Anderson Cancer Center (Houston, TX) and has been
registered at www.clinicaltrials.gov as NCT00418691.
PBT patients were considered eligible for participation if
they subjectively complained of cognitive decline or fatigue, and were secondarily being considered for stimulant
therapy by their neuro-oncologist. Additional inclusion
criteria included (1) KPS [ 70, (2) age [ 18 and (3) the
ability to speak and understand English or Spanish.
Exclusion criteria included (1) current use of psychostimulants, monoamine oxidase inhibitors, anticoagulants,
drugs similar to erythropoietin, or illicit drugs, (2) history
of hypersensitivity reaction to MPH or MOD, (3) history of
uncontrolled seizures, cardiac or pulmonary disease, (4)
uncontrolled hypertension (systolic[140 mm Hg, diastolic
[ 90 mm Hg, or not on a stable dose of anti-hypertensive
medication for the past month), (5) severe headaches, (6)
glaucoma, (7) narcolepsy, (8) Tourette’s syndrome, (9)
major psychiatric diagnosis, (10) alcohol or drug abuse,
(11) current use of herbals/supplements for fatigue relief,
e.g. gingko, ginseng, St. John’s Wort, dehydroepiandrosterone, (12) unstable dose of antidepressants, and (13) other
comorbidities or medications that in the treating physician’s opinion could potentially interfere with safe
administration of MPH or MOD.
Based on previous data [10, 18], a sample of 75 patients
(25 per group) was determined to provide a power of 0.9, at
the P = 0.01 significance level (and a standardized effect
size of 1.13) to detect between arm differences in cognitive
function.
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Procedure

Measures

After consenting to the study, patients were stratified by
tumor location (i.e., right versus left hemisphere) and
randomly assigned to one of three conditions:

The cognitive test battery included widely-used standardized psychometric instruments that have published normative data based on age, education, handedness and
gender (Table 1). Alternate test forms were used when
possible to minimize practice effects. Patient-reported
outcomes included measures of fatigue, sleep, depression,
anxiety, sleep disturbance, and quality of life (Table 1).

1)
2)
3)

10 mg b.i.d. of methylphenidate IR (Ritalin; IR-MPH)
for 4 weeks
18 mg q.d. (AM) of methylphenidate SR (Concerta;
SR-MPH) for 4 weeks
200 mg q.d. (AM) of modafinil (Provigil; MOD) for
4 weeks.

Patients completed cognitive testing as well as selfreport measures of fatigue, sleep disturbance, mood
and quality of life at the time of registration (Day 0)
and after treatment (median = Day 30; mean = 31.5,
SD = 4.5 days). Toxicity was monitored at the follow-up
visit and was defined as the most common MPH or
MOD adverse effects that are intolerable to the
patient including: nervousness, headache, dizziness,
abdominal pain, fever, flu syndrome, insomnia, anorexia,
and nausea.

Table 1 Cognitive tests, mood,
symptom and quality of life
measures grouped by domain

Measure

Abbreviation

Attention

WAIS-III Digit Spana

Dig-Span

Speed of Processing

WAIS-III Digit Symbola

Dig-Sym

Trail Making Test Part A

TMTA

HVLT-R Immediate Recall (Trials 1–3)

HVLT-R IR

HVLT-R Delayed Recall

HVLT-R DR

HVLT-R Delayed Recognition

HVLT-R DRecog

Trail Making Test Part B

TMTB

MAE Controlled Oral Word Associationa

COWA

Motor Dexterity

Lafayette Grooved Pegboard dominant hand

Peg-D

Lafayette Grooved Pegboard non-dominant hand

Peg-ND

Functional Independenceb
Fatigue

Functional Independence Measure
Brief Fatigue Inventory

FIM
BFI Total

Executive Function

POMS Fatigue-Inertia

POMS-Fat

POMS Vigor-Activity

POMS-Vig

Sleep

Brief Sleep Disturbance Scale

BSDS

Mood/Affective State

Beck Depression Inventory-II

BDI-II

a

Use of standardized scores, in
which calculation was based on
published normative data for
age, education, handedness and/
or gender

b

Only measured at baseline

Due to slow accrual, only 34 of the 75 planned patients
were enrolled in the study. Given the small sample size in
the study, an exploratory approach to the analyses was
employed. Both the MPH groups were aggregated into one
group to allow comparison of the efficacy of MPH versus
MOD in the final analyses. Baseline group differences in
sociodemographic, clinical, cognitive test scores and
symptom questionnaire variables were examined with
independent T tests. We sought to determine if there was a
beneficial general stimulant effect in the total study sample

Domain

Memory

WAIS-III Wechsler Adult
Intelligence Scale-Third
Edition, HVLT-R Hopkins
Verbal Learning Test-Revised,
MAE Multilingual Aphasia
Examination, POMS Profile of
Mood States, STAI State-Trait
Anxiety Inventory, FACT
Functional Anxiety of Cancer
Therapy

Statistical analyses

Quality of Life

STAI State anxiety

STAI-State

STAI Trait anxiety

STAI-Trait

POMS Confusion-Bewilderment

POMS-Conf

POMS Tension-Anxiety

POMS-Ten

POMS Depression-Dejection

POMS-Dep

POMS Anger-Hostility

POMS-Ang

FACT-General score

FACT-G

FACT-Brain module score

FACT-BR

FACT-Total score

FACT-TOT
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and if there was a differential effect attributable to the
specific stimulant agent. Two statistical approaches were
employed to analyze group mean changes as well as the
proportion of individuals who exhibited a clinically
meaningful improvement. Given the small sample and
exploratory nature of the analyses, no corrections for
multiple statistical testing were applied and alpha level of
B 0.05 was used to establish statistical significance. For all
statistical tests, PASW Statistics 17.0 (SPSS Inc. Chicago,
Illinois) was used.
Analysis of stimulant effects on group means
T tests comparing the mean scores from the follow-up
assessment with the baseline assessment were performed to
determine if there was evidence of a beneficial treatment effect.

Analysis of individual improvement after stimulant
treatment
Meaningful improvement in outcome measures at the level
of the individual patient was also determined. Change in
cognitive tests scores relative to baseline was calculated
and patients were categorized as improved, versus stable/
declined using the practice effect adjusted reliable change
index (RCI ? PE) based on Chelune [31]. The RCI was
derived from the standard error of measurement of each
cognitive test using published normative data from healthy
controls [32–35]. Based on a (pre-determined) 90% confidence interval, the difference in test score from baseline to
the next assessment, that would be expected if no real
change occurred, can be calculated as follows:
RCI ¼ 1:64ðSEdiff Þ; where SEdiff ¼ ½2ðSEMÞ2 1=2
and SEM ¼ SD1 ð1  r12 Þ

1=2

where SD is the standard deviation of the baseline assessment, SEM is the standard error of measurement, and r is the
test–retest reliability statistic. All RCI thresholds were
rounded to the nearest whole number. After adjusting for the
mean practice effect, changes that did not meet the RCI
threshold for improvement were categorized as nonimproved (i.e., stable or declined) performance. Subsequently, the statistical significance of the proportion of
patients with cognitive improvement was determined with a
binomial test.
For each self-report measure, a minimally important
difference (MID) criterion was calculated based on the
standard approach used with health-related quality of life
measures [36], which sets the MID criterion at 0.5 standard
deviation (SD) from the mean of the total study group
scores at baseline. This criterion was (liberally) applied to
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all symptom outcome measures used in this study. As
binomial statistical testing was not possible for these
measures, 90% confidence intervals for the proportion of
improvers were calculated with the binomial formula.
Comparative analysis of effects of MPH and MOD
treatment on subgroup means
Potential differential effects of treatment with either MPH
or MOD on cognitive tests and self-report measures were
analyzed with repeated measures analyses of covariance
(RM-ANCOVA), always using the baseline test score or
self-report rating as a covariate.
Other possible confounders were identified based on
observed differences in sociodemographic or clinical variables between groups at baseline and the associations of
these variables with the outcome measure. In order to obtain
parsimonious models, given the small sample sizes, covariates were maintained in the RM-ANCOVA model if they had
a statistically significant multivariate contribution. Otherwise, the analysis was conducted without that covariate.
Comparative analysis of individual improvement
after MPH and MOD treatment
Differences in proportions of patients with improvement on
cognitive tests and self-report measures in the MPH versus
the MOD group were tested with Fisher’s exact tests.

Results
Patient recruitment
This trial enrolled patients from March, 2004 until February, 2009 and was terminated due to slow accrual. Of the
34 patients accrued, 24 were randomized to MPH (11 were
randomized to the IR-MPH group, 13 to the SR-MPH
group) and 10 to the MOD group. Ten patients subsequently dropped out or were excluded from analysis.
Patients were excluded due to tumor progression
(MPH = 2, MOD = 1) and delirium associated with an
infection requiring hospitalization (MOD = 1). Patients
dropped out for the following reasons: prescription not
filled (MPH = 2, MOD = 1), discontinued medication due
to nausea (MOD = 1, possibly related to study medication)
or hyperactivity (MOD = 1, believed to be related to
increased steroid dose) and missed follow-up (MPH = 1).
Baseline group comparisons
Despite randomization, the MOD group had a significantly
higher proportion of male participants, and a higher mean
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With regard to the symptom scores, improvement in
symptoms after stimulant treatment was observed on nearly
all of the measures (Table 3).

age than the MPH group (Table 2). For HVLT-R DRecog
only, gender remained as a significant multivariate covariate in the model. There were no statistically significant
differences in clinical variables, cognitive test scores or
self-report measures between groups (Tables 2 and 4).

Individual improvement after stimulant treatment
On the TMTB, 32% of patients evidenced improvement
based on the RCI ? PE after stimulant treatment, which
was significant according to the binomial test. No other
cognitive test demonstrated a statistically significant rate of
improvement (Table 3). More than 50% of the total group
reported symptom improvement based on the MID for the
BDI-II, POMS-Fat, and POMS-Conf, with a mean magnitude of 0.5–0.7 SD.

Stimulant effects on group means
PBT patients demonstrated improvement in Dig-Sym and
TMTB after stimulant treatment. Unexpectedly, cognitive
performance declined after treatment in COWA and
HVLT-R DRecog. Post-hoc T tests indicated that the
change in these cognitive scores was not significantly
related to radiographic evidence of progressive disease
(PD) within 16 weeks after study completion (P = 0.81;
P = 0.07, respectively), although there was a statistical
trend for HVLT-R DRecog-score. It should be noted that
there was no difference in the number of patients with post
study PD within 16 weeks between the MPH and MOD
groups (Table 2).

Effects of MPH and MOD treatment on subgroup
means
Statistically significant differences in mean cognitive
scores between groups over time (Table 4) were observed
in both Dig-Span and TMTA. The patterns of results

Table 2 Study sample characteristics
MPH
(N = 19)

MOD
(N = 5)

P

Age in years: mean (SD)

42.5 (10.2)

54.4 (7.7)

0.02*

Education in years: mean (SD)

14.8 (2.1)

13.0 (3.0)

0.12

Follow-up period in days: median (Range)

29.0 (28–44)

30.0 (26–36)

0.87

Time since surgery in days: median (Range)

370 (103–3334)

1105 (315–4413)

0.19

FIM baseline score: mean (SD)

120 (6.8)

116 (9.9)

0.32

Gender (% Male)

42%

100%

0.03*

Handedness (% Right)

95%

100%

1.00

Hemisphere of tumor (% Left)

58%

80%

0.62

Tumor type (% Glioma)a

84%

100%

Tumor grade (%)

1.00
0.81

Grade II

16%

0

Grade III

37%

40%

Grade IV
N.A. (No gliomas)

32%
16%

60%
0

None

5%

0

Biopsy

10%

20%

Resection

85%

80%

History of radiotherapy (% Yes)

79%

100%

0.54

History of chemotherapy (% Yes)

84%

100%

1.00

Chemotherapy during study (% Yes)

63%

60%

1.00

20%

1.00

History of surgery (%)

PD B 16 weeks after participation (% Yes)

0.64

24%

b

SD Standard deviation, PD progressive disease
Differences in means were analyzed with independent T tests, differences in medians with Mann–Whitney (exact) tests, and proportions with
Fisher’s exact tests; * P \ .05
a

Other tumor types: medulloblastoma (1), primary CNS lymphoma (1), hemangiopericytoma (1)

b

Data of two individuals missing (moved to other hospital)
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Table 3 General stimulant effects on cognitive tests and self-report symptom measures in total study sample: analyses of group means and
frequency of improvement

Cognitive tests1

Symptom measures2

Mean
changea

% (N)

Binomial
testing/90%confidence
interval3
P/%

0 (0)
8 (2)

1.00
0.71

-0.10 (0.52)
0.29 (0.56)

T1

T2

Sample
size

T test

RCI ? PE / MID
improvement

Measure

Mean (SD)

Mean (SD)

N

P

Dig-Span
Dig-Sym

-0.29 (1.17)
-0.86 (1.08)

-0.38 (1.17)
-0.57 (1.32)

24
24

0.54
0.02*

Z (SD)

TMTA

-1.67 (3.33)

-2.38 (6.30)

23

0.38

4 (1)

0.90

-0.71 (3.80)

TMTB
HVLT-R IR

-2.95 (5.60)
-1.57 (2.12)

-1.66 (4.16)
-1.58 (2.21)

22
23

0.02*
0.80

32 (7)
4 (1)

\0.01*
0.91

1.29 (2.24)
-0.04 (1.02)

HVLT-R DR

-1.81 (2.41)

-1.40 (2.40)

23

0.05

0 (0)

0.91

0.39 (0.98)

HVLT-R DRecog
COWA

-0.53 (1.23)
-0.55 (1.19)

-1.23 (1.75)
-0.88 (1.13)

23
24

0.03*
0.02*

4 (1)
0 (0)

1.00
1.00

-0.73 (1.54)
-0.33 (0.58)

Peg-D

-3.99 (6.49)

-4.41 (8.27)

24

0.53

8 (2)

0.71

-0.42 (3.56)

Peg-ND

-2.68 (4.91)

-1.61 (2.61)

22

0.68

14 (3)

0.38

0.12 (1.98)

BFI Totalb

40.25 (21.60)

32.33 (19.42)

24

0.04*

46 (11)

29–63%

0.37 (0.17)

POMS-Fatb
POMS-Vig

13.46 (6.50)
13.38 (7.75)

9.04 (6.40)
15.71 (7.09)

24
24

\0.01*
0.04*

50 (12)
46 (11)

33–67%
29–63%

0.68 (0.18)
0.30 (0.14)

BSDS Sleepb

22.58 (11.36)

20.29 (9.25)

24

0.19

25 (6)

11–40%

0.20 (0.14)

BDI-IIb
STAI-Stateb

13.17 (8.91)
36.78 (10.33)

7.92 (5.69)
33.48 (7.98)

24
23

\0.01*
0.03*

50 (12)
42 (10)

33–67%
25–58%

0.59 (0.16)
0.34 (0.14)

STAI-Traitb

37.78 (10.73)

35.92 (9.10)

24

0.17

0 (0)

0

-0.02 (0.01)

POMS-Confb
POMS-Tenb

10.79 (5.05)
10.96 (6.08)

7.17 (3.81)
9.38 (5.88)

24
24

\0.01*
0.09

63 (15)
33 (8)

46–79%
18–49%

0.71 (0.17)
0.26 (0.15)

POMS-Deprb

12.38 (10.36)

7.67 (7.45)

24

\0.01*

46 (11)

29–63%

0.45 (0.10)

POMS-Angb
FACT-G

8.63 (7.90)
76.95 (14.58)

5.83 (6.07)
82.33 (13.89)

24
24

\0.01*
0.03*

42 (10)
29 (7)

25–58%
20–44%

0.35 (0.11)
0.37 (0.16)

FACT-BR

47.42 (11.61)

52.29 (10.76)

24

0.01*

38 (9)

21–54%

0.42 (0.13)

FACT-TOT

124.37 (23.87)

134.71 (22.57)

24

\0.01*

38 (9)

21–54%

0.43 (0.13)

T1 Pre-stimulant treatment assessment, T2 Post-stimulant treatment assessment, RCI ? PE Practice effect adjusted Reliable Change Index for
cognitive tests, MID Minimally Important Difference (based on 0.5 SD) for symptom measures. SD Standard deviation. Abbreviations of tests/
measures: see Table 1
1
2

Raw scores were converted to standardized Z-scores based on published normative data
Raw scores are shown for the symptom measures

3

Binomial testing was used for cognitive scores; 90% confidence interval was determined for symptom scores

a

For cognitive tests: mean differences in Z-scores, For symptom measures: individual change scores divided by total group baseline
Higher score indicates evaluated as worse

b

* P \ .05

suggested that for Dig-Span the MPH group remained
stable, while the MOD group declined. For TMTA, the
MOD group improved while the MPH group remained
stable or declined slightly. There were no statistically
significant differences in symptom scores over time
between the two groups (Table 4).
Individual improvement after MPH and MOD
treatment
There were no differences between the two stimulant
groups in the proportion of patients that had a RCI ? PE
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improvement on the cognitive tests, or a MID improvement
on the symptom measures (Table 4).
Change in cognitive scores between lowestversus higher-performers at baseline
Since recent research suggested that both MPH and MOD
may be more efficacious in participants with greater cognitive impairment [11, 37, 38], T tests were conducted to
examine the differences in cognitive change scores for the
quartile of cases with the lowest scores at baseline, versus
the three quartiles of cases with higher performance
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combined, for each specific cognitive measure. Patients
with low baseline evidenced greater improvement on
TMT-B only (P \ .001).

Discussion
Following a fixed dose of stimulant treatment, patients with
PBT improved on tests of speed of processing and executive function requiring divided attention (Dig-Sym and
TMTB, respectively).
Comparisons between MPH and MOD treatment did not
demonstrate a statistically significant difference in rates of
individual, clinically significant improvement (based on
RCI ? PE criteria) on any cognitive test. Individual
improvement was most frequent on a test of executive
function requiring divided attention (TMTB) with
improvement rates of 28 and 50% for MPH and MOD,
respectively.
Analysis of mean score changes over time yielded different patterns of treatment effect for tests of attention span
(Dig-Span) and speed of information processing (TMTA).
However, at the individual level, there was no clinically
significant improvement in attention span for any patient in
either group based on the RCI ? PE criteria; and only one
patient in the MPH group, and none in the MOD group,
demonstrated clinically significant improvement in speed
of processing. Interpretation of these results is difficult
given the inconsistency in these outcomes, which may be
heavily influenced by the small sample sizes.
With regard to patient-reported outcomes, patients
reported improvements in fatigue, mood, nearly all affective symptoms measured, and quality of life following
stimulant treatment, but not in sleep disturbance, tensionanxiety and STAI trait anxiety. Comparisons of either
group means or proportions of MID between MOD and
MPH treatment did not demonstrate statistically significant
differences on any symptom outcome or quality of life
scale. Regardless of treatment arm, greater than 40% of
patients demonstrated MID-based improvement in fatigue,
mood and various affective symptoms. Over 40% of
patients treated with MPH additionally reported improvement in vigor-activity and brain-related quality of life,
while over 40% of patients treated with MOD reported
improved tension-anxiety and general quality of life.
A significant limitation of this study is its small sample
size, due to accrual difficulties and a large proportion of
drop-outs, which complicates the interpretation of the
results of the analyses. Accrual to the study was challenging as many physicians have already incorporated the
use of stimulants into their routine practice. Additionally,
the 1 month follow-up was earlier than patient’s typical
follow-up with their physician requiring them to make an

additional visit to the hospital. Due to slow accrual the trial
was terminated early.
The absence of a placebo control group does not allow
us to rule out non-specific treatment effects as an explanation for the observed improvements after stimulant
treatment. Improvement in cognitive test performance may
also be partly due to practice effects. However, we
employed tests with alternate forms whenever possible to
minimize this and we used a practice effect adjusted reliable change index (RCI ? PE). In fact, this approach
yielded somewhat less statistical significant total group
results than the group mean approach. Furthermore, practice and nonspecific treatment effects are unlikely to play a
major role in the treatment group comparisons, as such
effects should be similar for both groups.
When this study was initiated it was expected that, based
on their presumably different mechanisms of action, MPH
and MOD would result in differential patterns of cognitive
improvement. Recently, the mechanisms of action of these
drugs were found to share many similarities including
impact on dopamine and norepinephrine pathways [9, 13,
14]. In addition to the small sample sizes, this may in part
account for the lack of consistent differences between
treatments.
The results of this study were based on fixed, moderate
doses of MPH and MOD, and may not generalize to higher
doses of these stimulants. Notably, although Meyers et al.
[18] previously reported beneficial effects associated with
MPH at 10 mg twice-daily, they used a dose escalation
design with each patient individually balancing efficacy
against toxicity that resulted in some patients receiving
doses of 30 mg twice-daily.
Recent studies have also suggested that MPH and MOD
may be more efficacious in participants with greater
impairment at baseline [11, 37, 38], which may be associated with lower plasma levels of dopamine and norepinephrine [38]. In our study we observed that for TMTB
only, the measure with the strongest evidence of
improvement, the lowest-functioning quartile improved
significantly more after stimulant treatment than the other
75%.
This study provides some encouraging evidence of a
potential benefit for stimulant therapy on cognition and
symptoms (especially fatigue) in PBT patients. Additional
studies appear warranted to reach more definitive conclusions. Preliminary evidence suggests that patients with
greater objective impairment in cognition may be the
optimal candidates for these interventions. However, the
precise degree of impairment remains to be determined.
Additionally, future studies may wish to target fatigue,
changes in measures of processing speed and executive
function requiring divided attention, and consider exploring different doses of stimulants within this population.
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-2.10 (6.72)
-0.74 (2.95)
-1.17 (2.15)
-0.89 (2.02)

-1.16 (3.04)
-3.29 (7.56)
-1.24 (2.10)

TMTA

TMTB

HVLT-R IR

-3.02 (6.46)

-2.72 (3.43)
-1.90 (2.04)

Peg-D

Peg-ND

38.45 (11.54)
10.84 (5.17)

STAI-Traita

POMS-Confa
13.05 (11.58)
9.11 (8.55)
76.62 (14.55)
47.42 (10.63)
124.04 (22.40)

POMS-Depra

POMS-Anga

FACT-G

FACT-BR

FACT-TOT

POMS-Ten
10.95 (6.75)

36.68 (10.63)

STAI-Statea

a

13.32 (8.59)

BDI-IIa

21.79 (12.28)

13.68 (7.56)

POM-Vig

BSDS Sleep

37.84 (21.61)
12.95 (6.86)

BFI Totala
POMS-Fata
a

-0.72 (1.19)

-0.46 (1.26)

COWA

134.95 (19.72)

52.68 (9.83)

82.16 (12.73)

6.21 (6.70)

8.42 (8.06)

10.11 (6.25)

7.00 (3.82)

36.42 (9.79)

33.08 (7.27)

8.16 (5.73)

19.00 (9.06)

16.42 (7.09)

28.84 (17.20)
8.58 (6.24)

-1.74 (2.65)

-0.89 (1.71)

-1.19 (2.04)
-0.52 (1.23)

HVLT-R DR

HVLT-R DRecog

-0.42 (1.25)

-0.29 (1.25)
-0.79 (1.05)

Dig-Span

-0.31 (1.20)

Mean
(SD)

Dig-Sym

Mean
(SD)

T2 MPH

19

19

19

19

19

19

19

19

19

19

19

19

19
19

19

19

18

18

18

18

18

19

19

19

N

Sample
size MPH

125.60 (31.88)

47.40 (16.32)

78.20 (16.32)

6.80 (4.92)

9.80 (1.79)

11.00 (2.74)

10.60 (5.13)

35.20 (7.22)

37.25 (10.21)

12.60 (11.15)

25.60 (7.02)

12.20 (9.26)

49.40 (21.17)
15.40 (5.03)

-6.36 (11.41)

-8.80 (12.35)

-0.89 (0.89)

-0.56 (1.37)

-4.02 (2.53)

-2.78 (1.94)

-7.67 (7.34)

-5.25 (4.34)

-1.13 (1.27)

133.80 (34.30)

50.80 (15.06)

83.00 (19.47)

4.40 (2.61)

4.80 (3.70)

6.60 (3.29)

7.80 (4.15)

34.00 (6.20)

35.00 (11.18)

7.00 (6.08)

25.20 (9.20)

13.00 (7.18)

45.60 (23.65)
10.80 (7.46)

-0.82 (2.68)

-9.71 (12.70)

-1.48 (0.67)

-2.55 (1.30)

-3.34 (2.99)

-3.13 (1.86)

-5.81 (6.62)

-3.71 (4.11)

-1.13 (1.57)

-0.67 (1.13)

5

5

5

5

5

5

5

5

4

5

5

5

5
5

3

5

5

5

5

5

4

4

5

5

N

Mean
(SD)

Mean
(SD)
-0.27 (0.86)

Sample
size MOD

T2 MOD

T1 MOD

0.76

0.61

0.98

0.86

0.40

0.09

0.59

0.94

0.80

0.72

0.24

0.32

0.18
0.77

0.82

0.55

0.20

0.16

0.65

0.30

0.27

0.05*

0.29

0.05*

P

RMANCOVA

37 (7)

42 (8)

21 (4)

42 (8)

42 (8)

26 (5)

68 (13)

0 (0)

42 (8)

53 (10)

26 (5)

53 (10)

42 (8)
53 (10)

16 (3)

11 (2)

0 (0)

6 (1)

0 (0)

6 (1)

28 (5)

5 (1)

11 (2)

0 (0)

MPH
% (N)

40 (2)

20 (1)

60 (3)

40 (2)

60 (3)

60 (3)

40 (2)

0 (0)

40 (2)

40 (2)

20 (1)

20 (1)

60 (3)
40 (2)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

50 (2)

0 (0)

0 (0)

0 (0)

MOD
% (N)

RCI ? PE / MID
improvement

1.00

0.61

0.27

1.00

0.63

0.29

0.33

N/A

1.00

1.00

1.00

0.33

0.63
1.00

1.00

1.00

N/A

1.00

N/A

1.00

0.56

1.00

1.00

N/A

P

Fisher’s
exact

Higher score indicates evaluated as worse

Raw scores are shown for the symptom measures

Raw scores were converted to standardized Z-scores based on published normative data

* P \ .05

a

2

1

T1 Pre-stimulant treatment assessment, MPH methylphenidate (IR ? SR), T2 Post-stimulant treatment assessment, MOD modafinil, RM-ANCOVA Repeated measures analysis of covariance,
RCI ? PE Practice effect adjusted Reliable Change Index for cognitive tests, MID Minimally Important Difference (based on 0.5 SD) for symptom measures, SD Standard deviation, N/A Not
applicable (no improvers), Abbreviations of measures: see Table 1

Symptom measures2

Cognitive tests1

Measure

T1 MPH

Table 4 Comparative effects of MPH and MOD treatment on cognitive tests and symptom measures: analyses of differences in group means and frequency of improvement
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