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Background. Fatigue is common among glioma patients undergoing radiotherapy (RT) and impacts quality of life (QOL). We eval-
uated whether armodafinil, a wakefulness-promoting medication, improves fatigue in glioma patients undergoing RT.

Methods. Eligibility criteria included age ≥18 years, Karnofsky performance status ≥60, and grade 2–4 glioma undergoing RT to a
total dose of 50–60 Gy. Patients were randomized 1:1 to armodafinil or placebo for 8 weeks beginning within 10 days of starting
RT. Fatigue and QOL were assessed at baseline, day 22, day 43, and day 56 with the Functional Assessment of Chronic Illness
Therapy – Fatigue (FACIT-F), the Functional Assessment of Cancer Therapy – General (FACT-G), the Brief Fatigue Inventory
(BFI), and the Cancer Fatigue Scale (CFS). The primary aim was to detect a difference in the 42-day change in FACIT-F fatigue
subscale between the 2 groups using a 2-sample Wilcoxon statistic.

Results. We enrolled 81 patients total (42 armodafinil and 39 placebo). Armodafinil did not significantly improve fatigue or QOL
based on the 42-day change in FACIT-F fatigue subscale, FACT-G, CFS, or BFI. Further analysis suggests no difference between the
arms even after accounting for the potential bias of missing data. Treatment was well tolerated with few grade 3 or 4 toxicities.

Conclusions. While treatment was well-tolerated, an 8-week course of armodafinil did not improve fatigue or QOL in glioma
patients undergoing RT in this pilot study. Further studies are needed to determine whether pharmacologic treatment improves
fatigue in glioma patients undergoing RT.
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Fatigue is a common symptom in primary brain tumor patients,
with 40%–70% reporting fatigue during the course of their ill-
ness.1 The prevalence of fatigue is even higher in primary brain
tumor patients undergoing cranial irradiation, with . 80% of
patients reporting fatigue during radiation (RT).2 Only a few ran-
domized studies evaluating pharmacologic and/or nonphar-
macologic interventions for fatigue have been performed in
cancer patients, especially glioma patients.3 One recent

randomized study demonstrated that armodafinil did not im-
prove fatigue in participants with primary brain tumors (includ-
ing gliomas) undergoing RT.4 However, those with greater
baseline fatigue did experience improved quality of life (QOL)
and reduced fatigue when using armodafinil.

Armodafinil is an oral wakefulness-promoting medication
that is the R-enantiomer of modafinil. It is approved by the
United States Food and Drug Administration (FDA) to improve
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wakefulness in adult patients with excessive sleepiness associ-
ated with obstructive sleep apnea, narcolepsy, and shift work
disorder. Its precise mechanism is unknown, but its pharmaco-
logic profile is distinct from that of sympathomimetic agents. We
performed a randomized, placebo-controlled pilot trial of armo-
dafinil for fatigue in participants with gliomas undergoing RT.

Materials and Methods

Patients

Patients aged ≥18years with Karnofsky Performance Status
(KPS) ≥ 60 and a grade 2–4 glioma who were scheduled to re-
ceive RT to a total dose of 50–60 Gy were eligible. Concurrent
chemotherapy was allowed. Exclusion criteria included the use
of psychostimulants within the past 30 days or a history of
severe depression, psychotic disorder, bipolar disorder, anxiety
disorder, Tourette′s syndrome, significant cardiac arrhythmia,
or unstable angina. Because outcomes were based on patient-
reported questionnaires, participants were required to be able
to read and respond to questions in English. Approval from
institutional review boards and/or independent ethics commit-
tees was obtained at each site. All patients provided written,
informed consent. This study was registered on clinicaltrials.gov
(NCT00766467).

Treatment and Study Design

This was a randomized, placebo-controlled, multicenter pilot
study that enrolled patients between August 2008 and April
2014 (CONSORT diagram; Fig. 1). Participants were randomly
assigned 1:1 at registration to receive armodafinil 150 mg or
placebo daily for 56 days, starting within 10 days from the
start of RT. Endpoints for fatigue relief and QOL were assessed
by the use of several questionnaires obtained at baseline
(prior to starting treatment), day 22, day 43, and day 56. The
questionnaires included the Functional Assessment of Chronic
Illness Therapy – Fatigue (FACIT-F), the Functional Assessment
of Cancer Therapy – General (FACT-G), the Brief Fatigue Inven-
tory (BFI), the Cancer Fatigue Scale (CFS), and the Beck Depres-
sion Inventory (BDI).

FACIT-F is a well-validated QOL instrument widely used for
the assessment of cancer-related fatigue in clinical trials.5 It
consists of the 27-item FACT-G (which assesses QOL based on
physical, social/family, emotional, and functional well-being)
and the 13-item FACIT-F fatigue subscale (which assesses the
impact of fatigue on daily activities). Each item is assessed on a
5-point Likert scale (0¼ not at all to 4¼ very much). By scoring
convention, after appropriate reversal scoring of 11 items, the
FACIT-F fatigue subscale (FACIT-fatigue) score ranges from 0 to
52 (lower score indicating more fatigue). A score ,30 indicates
severe fatigue. We chose the FACIT-fatigue scale as the primary
outcome measure because it has been widely used in trials of
cancer-related fatigue1,6 and has good internal consistency
and test-retest reliability.7 CFS is a 15-item instrument with 3
subscales to estimate physical, cognitive, and activity-related
fatigue.8 The scale is also assessed on a 5-point Likert scale
(0¼ not at all to 4¼ very much) giving a total score ranging
from 0 to 60 (higher score indicating more fatigue). BFI is a
9-item instrument used to assess fatigue on a rating scale

from 0 to 10, with higher scores indicating more fatigue. The
scale has been validated in diverse cancer populations.9

Because of the minimal expected toxicities with this
FDA-approved drug, clinic visits were required only for screening,
baseline assessments, receiving orientations and study drug, and
at the end of the study; remaining assessments occurred by tele-
phone and by completing documents (questionnaires and the pill
diary) at home. Participants were monitored and remained on
the study for 8 weeks. Armodafinil was supplied by Cephalon,
Inc., a wholly owned subsidiary of Teva Pharmaceuticals.

Statistical Analyses

The primary endpoint was the difference in the 42-day change
(baseline vs day 43) in FACIT-fatigue between the 2 treatment
groups. This time point was selected as the primary endpoint
because it coincided with the end of radiation in most patients.
With 60 participants, the study had 80% power to detect a dif-
ference of 8.076 points in FACIT-fatigue with a 2-tailed type I
error of 0.1. Assuming 25% attrition, planned enrollment was
80 participants. Interim analysis was based on the O’Brien-
Fleming group sequential boundaries method and treatment
groups compared by the Wilcoxon rank-sum test. Primary anal-
ysis included participants with complete or near complete base-
line and day 43 data irrespective of the amount of treatment
received. Complete study treatment was defined per protocol
as having missed no more than 6 of the 56 scheduled doses.

Several methods were used to test the difference between the
2 arms in the presence of missing data, assuming various forms
of missingness. Under the missing completely at random (MCAR)
assumption, a single linear mixed model with random intercept
and trend was fitted, explaining the change in FACIT-fatigue at
day 43 from baseline as a function of arm. The Standard Multiple
Imputation method with missing at random (MAR) assumption
was also tested. Under this method, we imputed the missing
data (for all 81 randomized participants) based on Markov
Chain Monte Carlo (MCMC) method 100 times (thus generating
100 complete datasets). The results from all 100 models were
then combined and analyzed using standard inferential statis-
tics.10 Lastly, under the assumption that missing data patterns
are missing not at random (MNAR), we applied Pattern Mixture
models11 with Control-Based Pattern Imputation.12,13 Imple-
mentation of this analysis is similar to the Standard Multiple Im-
putation approach but incorporates additional steps at the
imputation stage that structure the missing data based on the
available information in the control group. Further details on all
analyses and results are provided in Appendix 1.

Per protocol, interim analysis was performed in April 2011
for safety. Test statistics were calculated for the primary out-
comes of change from baseline to day 42 in FACIT-F, FACT-G,
CFS, and BFI and compared against the calculated boundaries.
Since none of the test statistics for any of the outcomes fell be-
tween the predetermined boundaries, enrollment continued to
completion. The significance level and power for this interim
analysis were 0.058 and 0.68.

Results
We enrolled 81 participants (42 in the armodafinil arm, 39 in
placebo arm) (Table 1). Median ages were 56 years (range
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25–79 y) and 54 years (range 19–78 y) respectively, with me-
dian KPS of 90 (range 70–100). All patients had glioma as their
histologic diagnosis. Grade 4 was the most common grade in
both groups (59.52% in the armodafinil arm and 47.83% in
the placebo arm). Most participants received concomitant
temozolomide (90.48% in the armodafinil arm and 92.31% in
the placebo arm). All participants received radiation within the
50–60 Gy range as per eligibility criteria except for 2 partici-
pants in the placebo arm (one participant received 62 Gy and
the other received 66 Gy). There was no significant difference
in baseline scores between groups as measured by FACIT-F
(total score), FACIT-fatigue, FACT-G, CFS, BFI, or BDI. Median
FACIT-fatigue scores at baseline suggest that participants in
both arms were experiencing moderate fatigue even prior to

starting radiation. Median BDI scores at baseline indicated
only mild (if any) depression in most patients.

Of the 42 participants allocated to the armodafinil arm,
31 patients (74%) had complete or near-complete baseline
and day 43 data irrespective of the number of armodafinil
doses taken (Fig. 1). Of the 39 participants allocated to the pla-
cebo arm, 31 patients (79%) had complete or near complete
baseline and day 43 data irrespective of the number of placebo
doses taken (Fig. 1). The proportion of participants with missing
data at any time point was not different between arms based
on the Fisher exact test. Of the patients analyzed in the armo-
dafinil arm, 27 (87%) took complete study treatment (defined
per protocol as having missed no more than 6 of the 56 sched-
uled doses). Four patients (13%) in the armodafinil arm did not

Fig. 1. Consort diagram.
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receive complete treatment for the following reasons: 2 due to
noncompliance, one stopped study treatment on day 39 due to
grade 2 rash, and one took 50 mg daily as opposed to 150 mg

daily. Of the participants analyzed in the placebo arm, 27 (87%)
took the complete study treatment. Four participants (13%) in
the placebo arm did not receive complete study treatment for
the following reasons: 2 due to patient noncompliance, one
stopped study treatment after day 43 due to thrombocytope-
nia, and one was taken off treatment on day 36 at the discre-
tion of the treating physician.

Based on analysis of the participants with complete or near-
complete data at baseline and day 43, irrespective of the
amount of treatment received, there were no statistically signif-
icant differences between the armodafinil arm and the placebo
arm in the 42-day change in FACIT-fatigue, FACT-G, CFS, or BFI
(Table 2). Indeed, there were no statistically significant differ-
ences between arms for any time point (day 22 or day 56 com-
pared with baseline) for FACIT-fatigue, FACT-G, CFS, or BFI
(Table 2). We also examined data for patients with more base-
line fatigue (defined as a baseline FACIT-fatigue score worse
than the median). There was no statistically significant differ-
ence in the 21-day, 42-day, or 55-day change from baseline
in FACIT-fatigue, FACT-G, CFS, or BFI. Treatment was well toler-
ated with few grade 3 or 4 toxicities related to armodafinil or
placebo (Table 3).

Per intention to treat approach, all patients randomized
were included in the missing data analysis. Their data were im-
puted based on statistical approaches previously described in
the methods section. There was no significant difference be-
tween the two study arms in the change in FACIT-fatigue
score from baseline to day 43 (P ¼ .181). This result was vali-
dated by a linear mixed model fitted on all participants with
at least one data point (patients without any data excluded).
The P-value for the treatment arm was .47 and .13 for change
over time by arm. The Pattern Mixture Model approach, which
was tested on all participants with at least one data point, sug-
gested that there was no difference between the arms even
after accounting for the potential bias of the missing data
(P ¼ .234). Full statistical inference from 100 control-based im-
puted datasets is presented in Appendix 1.

Table 1. Patient characteristics

Characteristic Armodafinil
(N¼ 42)

Placebo
(N¼ 39)

Age (y), median (range) 56 (25–79) 54 (19–78)
Baseline KPS, median (range) 90 (70–100) 90 (70–100)
Sex, N (%)

Female 18 (42.86%) 18 (46.15%)
Male 24 (57.14%) 21 (53.85%)

Glioma grade, N (%)
Grade 2 1 (2.38%) 4 (10.26%)
Grade 3 14 (33.33%) 12 (30.77%)
Grade 4 25 (59.52%) 22 (47.83%)
Grade not defined 2 (4.76%) 1 (2.56%)

Total dose of radiation, median
(range)

60 Gy (59.4–60) 60 Gy (54–66)

Concomitant Chemotherapy, N (%)
Temozolomide 38 (90.48%) 36 (92.31%)
Temozolomide + bevacizumab 1 (2.38%) 0
None 3 (7.14%) 3 (7.69%)

Baseline fatigue and QOL, median (range)
FACIT-F (total score) 80 (15–103) 82 (25–106)
FACIT- fatigue subscale score 38 (2–51) 41 (8–52)
FACT-G score 82 (33–106) 86 (46–105)
CFS score 13.5 (0–60) 13.5 (0–50)
BFI score 2.3 (0.1–10) 2.5 (0–8.4)
BDI Score 7.5 (1–20) 7.0 (0–23)

Abbreviations: BDI, Beck Depression Index; BFI, Brief Fatigue Inventory;
CFS, Cancer Fatigue Scale; FACIT-F, Functional Assessment of Chronic
Illness Therapy – Fatigue; FACT-G, Functional Assessment of Cancer
Therapy – General; QOL, quality of life.

Table 2. Outcomes

Outcome Time Point Armodafinil Placebo P Value

N Median Change (Range) N Median Change (Range)

FACIT-fatigue 21-day change (baseline vs day 22) 31 21 (222 to 14) 31 0 (226 to 22) .9
42-day change (baseline vs day 43) 31 21 (222 to 48) 29 23 (238 to 22) .3
55-day change (baseline vs day 56) 29 21 (230 to 19) 29 20.5 (231 to 14) 0.97

FACT-G 21-day change (baseline vs day 22) 31 21.76 (245.01 to 24.5) 29 24.94 (245 to 21) .5
42-day change (baseline vs day 43) 30 2.50 (228 to 25.17) 28 22.30 (258.6 to 20.17) .1
55-day change (baseline vs day 56) 29 1.83 (240 to 22) 29 20.84 (224 to 16) .3

CFS 21-day change (baseline vs day 22) 32 1 (222 to 15) 31 0 (239 to 25) 0.97
42-day change (baseline vs day 43) 31 2 (227 to 22) 30 2 (243 to 36) .9
55-day change (baseline vs day 56) 29 1 (219 to 23) 29 3 (246 to 20) .4

BFI 21-day change (baseline vs day 22) 31 0 (26.89 to 7.78) 31 0.56 (25.11 to 5.23) .2
42-day change (baseline vs day 43) 31 0.11 (26.78 to 6.33) 30 0.61 (23.45 to 7.56) .2
55-day change (baseline vs day 56) 29 20.22 (23.11 to 8.67) 28 0.33 (23.45 to 5) .3

BFI, Brief Fatigue Inventory; CFS, Cancer Fatigue Scale; FACIT-fatigue, Functional Assessment of Chronic Illness Therapy – Fatigue subscale; FACT-G,
Functional Assessment of Cancer Therapy – General.
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Discussion
An 8-week course of armodafinil 150 mg daily did not improve
fatigue or QOL compared with placebo in glioma patients un-
dergoing RT based on the change in FACIT-fatigue, FACT-G,
CFS, or BFI on days 22, 43, or 56 from baseline. These findings
are consistent with prior randomized studies of central nervous
system (CNS) stimulants in cancer patients, including primary
brain tumors4,14,15 and lung cancer.16 Page et al performed a
phase 2 randomized, double-blinded, placebo-controlled
study of armodafinil for primary brain tumor patients receiving
brain irradiation and similarly found no statistical differences in
fatigue between the armodafinil arm and the placebo arm.4

Our study differs with regard to study population (any primary
brain tumor in their study vs only gliomas in our study) and
study treatment length (10 weeks in their study vs 8 weeks in
our study). Subgroup analysis of patients with more baseline
fatigue by Page et al suggested an improvement in QOL and
reduced fatigue when using armodafinil. We did not detect
any improvements in QOL or fatigue at any time point in the
participants with more baseline fatigue.

Several confounding factors that can contribute to fatigue
include depression or other mood problems, physical disability,
tumor grade, dose of radiation, whether chemotherapy is given
concomitantly, and steroid use. While randomization may not
completely correct for all confounders, there were no statisti-
cally significant differences between groups with respect to
KPS, glioma grade, the median dose of radiation, or the per-
centage of patients receiving concomitant chemotherapy. We
determined the severity of depression in each patient by the
BDI, similarly at baseline, day 22, day 43, and day 56. We did
not find any statistically significant differences between groups
based on the change in BDI on days 22, 43, or 56 from baseline.

Corticosteroids have been reported to improve fatigue in the
general cancer population.17 A double-blind, randomized,
placebo-controlled study of dexamethasone (4 mg twice daily

for 14 days) in 84 patients with advanced cancer revealed a sig-
nificant improvement in FACIT-F.18 As many glioma patients are
already on dexamethasone for management of cerebral
edema, it is unclear if increasing the dose of dexamethasone
would be a meaningful intervention for fatigue. Our study
was not designed to examine the role of steroids in fatigue.
Nonetheless, we did collect information regarding dexametha-
sone dosing while on study. There was no significant correlation
between dexamethasone dosing and FACIT-fatigue score at
baseline, day 22, day 43, or day 56. Dexamethasone dose
over time also did not correlate with the FACIT-fatigue score.

While we did not find a statistically significant improvement
in fatigue or QOL with armodafinil in glioma patients undergo-
ing RT, there was a trend towards improvement in the 42-day
change in FACIT-fatigue, FACT-G, and BFI. It is possible that
armodafinil truly does improve fatigue in this patient popula-
tion, but our study had low statistical power to detect a differ-
ence due to small sample size, minimal effects, or both. Other
unanswered questions include whether a higher dose of armo-
dafinil (200 mg/day) could be beneficial and whether patients
with glioblastoma (GBM) might benefit more than patients with
low-grade gliomas. Finally, our intervention was limited to 8
weeks, although the fatigue from radiation may extend beyond
this time frame. It is unclear whether a longer course of armo-
dafinil would have been more beneficial or whether armodafinil
should have been administered during and/or after completing
RT. There is now an ongoing randomized, placebo-controlled
phase 3 trial of armodafinil for fatigue in GBM patients (who
are stable post RT) that examines this higher dose of armoda-
finil (A221101).19
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