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A B S T R A C T

Purpose
Insomnia is a distressing and often persisting consequence of cancer. Although cognitive
behavioral therapy for insomnia (CBT-I) is the treatment of choice in the general population, the
use of CBT-I in patients with cancer is complicated, because it can result in transient but
substantial increases in daytime sleepiness. In this study, we evaluated whether CBT-I, in
combination with the wakefulness-promoting agent armodafinil (A), results in better insomnia
treatment outcomes in cancer survivors than CBT-I alone.

Patients and Methods
We report on a randomized trial of 96 cancer survivors (mean age, 56 years; female, 87.5%;
breast cancer, 68%). The primary analyses examined whether � one of the 7-week
intervention conditions (ie, CBT-I, A, or both), when compared with a placebo capsule (P)
group, produced significantly greater clinical gains. Insomnia was assessed by the Insomnia
Severity Index and sleep quality by the Pittsburgh Sleep Quality Inventory. All patients
received sleep hygiene instructions.

Results
Analyses controlling for baseline differences showed that both the CBT-I plus A (P � .001) and
CBT-I plus P (P � .010) groups had significantly greater reductions in insomnia severity
postintervention than the P group, with effect sizes of 1.31 and 1.02, respectively. Similar
improvements were seen for sleep quality. Gains on both measures persisted 3 months later.
CBT-I plus A was not significantly different from CBT-I plus P (P � .421), and A alone was not
significantly different from P alone (P � .584).

Conclusion
CBT-I results in significant and durable improvements in insomnia and sleep quality. A did not
significantly improve the efficacy of CBT-I or independently affect insomnia or sleep quality.

J Clin Oncol 33:165-171. © 2014 by American Society of Clinical Oncology

INTRODUCTION

Difficulties with initiating and/or maintaining
sleep are reported by 30% to 60% of individuals with
cancer,1-4 and high rates of insomnia persist well
beyond completion of radiation therapy and
chemotherapy.5-7 For example, in a study of 300
breast cancer survivors (median time since treat-
ment onset, 48 months), Savard et al8 found that
51% of their participants reported insomnia symp-
toms, and nearly 20% of this sample met diagnostic
criteria for insomnia. These prevalence rates are es-
pecially striking, considering most epidemiologic
studies report approximately 30% of adults in the

general population experience insomnia symptoms,
and approximately 10% meet diagnostic criteria for
an insomnia disorder.9,10 Insomnia in cancer survi-
vors is particularly troublesome, because it tends to
be unremitting,11 and untreated insomnia is associ-
ated with diminished quality of life,12 risk for both
medical and psychiatric morbidities,13 and costs to
the individual and society.14 Given the prevalence of
insomnia both during and after cancer treatment
and the substantial consequences of untreated in-
somnia, it stands to reason that insomnia disorder
should be a focus for treatment after cancer therapy.

Cognitive behavioral therapy for insomnia
(CBT-I) comprises behavioral techniques, cognitive
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restructuring, and education. CBT-I is based on rectification of the
mismatch between sleep ability and sleep opportunity, as imple-
mented with sleep restriction therapy; application and use of operant
conditioning paradigms, as accomplished with stimulus control ther-
apy; identification and correction of sleep-interfering behaviors, as
carried out with sleep hygiene instructions; optimization of circadian
effects on sleep via regularization of the sleep-wake schedule; and use
of cognitive restructuring techniques to reduce stress responses that
affect sleep.15,16

Although CBT-I is effective in treating insomnia, between 32%
and 89% of patients treated with CBT-I do not consistently follow
treatment recommendations.17 One reason for this low adherence is
the temporary daytime sleepiness and/or worsening of daytime func-
tion that accompany the sleep-restriction component of CBT-I.18,19

We wanted to determine whether providing patients with the
wakefulness-promoting agent armodafinil (A; Nuvigil; Teva Pharma-
ceuticals, Petah Tikva, Israel) would result in greater adherence to
CBT-I instructions, in addition to our objective of providing addi-
tional data on the efficacy of CBT-I in cancer survivors. A previous
study of the addition of modafinil (Provigal; Cephalon, Frazer, PA) to
a CBT-I regimen showed increased CBT-I adherence.20 In addition,
we thought it possible that A alone might produce improvements in
insomnia based on the concept that A, like CBT-I, could result in
increased activity during, as well as prolongation of, the wake period.
These effects, regardless of how they are initiated, are thought to allow
for better sleep initiation and consolidation. We hypothesized that the
three intervention strategies (ie, CBT-I, A, or both), compared with
the placebo (P) -only group, would improve insomnia, with the largest
effects occurring with the combined strategy.

PATIENTS AND METHODS

Patients

Cancer survivors with chronic insomnia in two Northeastern cities were
recruited from cancer clinics and via letters and advertising between Septem-
ber 2008 and November 2012, when the funded recruitment window ended.
Eligibility criteria remained essentially unchanged from December 2008, when
the original criterion of having breast cancer was broadened to include having
any cancer, and the criterion of receiving chemotherapy was broadened to
include radiation therapy. Other eligibility criteria that remained unchanged
were that participants must have completed all chemotherapy and/or radio-
therapy � 1 month before study start and must demonstrate no measurable
disease. Participants were required to discontinue any prescribed or over-the-

counter sleep medications for 1 week before beginning the baseline data
collection as well as during the 11-week study period. They also had to have
self-reported problems with insomnia for at least 3 months and stated that it
began or became worse with the onset of cancer or treatment. Patients who had
ever received modafinil or A or undergone CBT-I and those who had a history
of seizures or severe headaches, substance or alcohol abuse, sleep apnea, or an
unstable medical or psychiatric illness were not eligible. The institutional
review boards of the University of Rochester and University of Pennsylvania
approved the protocol, and patients provided written informed consent.

Design and Procedures

A computer-generated randomization schedule with a block size of
eight, stratified by city and sex, was used to assign participants to one of four
groups: CBT-I, A, CBT-I plus A, or neither (ie, factorial design of CBT-I [yes or
no] v A [yes or no]; Table 1). The original grant application was approved, with
modafinil 100 mg twice per day as the active medication. A switch to A 50 mg
twice per day was made at the suggestion of Cephalon, which manufactured
both medications and supplied the drug and matching placebo. All patients
received written sleep hygiene guidelines (eg, keep bedroom cool and free of
light, avoid naps, avoid using alcohol as sleep aid, and so on) at the time of
consent. The 7-week CBT-I intervention was provided on an individual basis,
followed a published treatment manual,15 and was in accordance with the
CBT-I description provided in the Introduction.

Random assignment was conveyed to a pharmacist, who provided the
study coordinator with the appropriate study medications. Patients were told
of their random assignment to CBT-I or not after the completion of their
2-week baseline period. All study personnel and patients were blinded to
medication (A or P) assignment but not to CBT-I (yes or no) status. Partici-
pants had the option of completing measures using paper and pen on scanna-
ble forms or using an Internet data portal. Data were electronically transferred
to an access database, and data quality was checked by an information analyst.

Treatments

CBT-I was delivered over the course of seven individual sessions occur-
ring once per week. Sessions one, two, and four were conducted in person
(duration, 30 to 60 minutes), and sessions three, five, six, and seven (duration,
15 to 30 minutes) were conducted by telephone. Use of telephone sessions in
our trial was based on the perspective that fewer in-clinic visits would help with
recruitment and retention of participants.

A is a single-isomer formulation of modafinil (R-enantiomer of
modafinil). It is indicated for the promotion of wakefulness in several sleep
disorders, including narcolepsy, sleep apnea syndrome, and shiftwork disor-
der. It is available in 50-, 150-, or 250-mg tablets. Clinically, modafinil is
thought to exert its effects over a 6- to 8-hour timeframe. A, given its right-
shifted pharmacokinetic profile, is thought to be active for a longer period of
time. Medication was begun with a 50-mg dose of A in the morning (7 to 9am),
along with an afternoon (12 to 2pm) administration of P. After 3 days, active
doses of A were provided both in the morning and afternoon (morning, 50 mg;

Table 1. 47-Day Intervention by Study Arm

Characteristic Group One Group Two Group Three Group Four

Drug CBT-I plus placebo CBT-I plus armodafinil Placebo Armodafinil
Dosage Placebo capsule morning and

afternoon�

Armodafinil (3 days at 50 mg, 40 days
at 100 mg, 4 days at 50 mg)†

Placebo capsule morning and
afternoon�

Armodafinil (3 days at 50 mg,
40 days at 100 mg, 4 days
at 50 mg)†

Therapy Sleep hygiene guidelines plus
1-hour weekly CBT-I
sessions (three in person,
four by telephone)

Sleep hygiene guidelines plus 1-hour
weekly CBT-I sessions (three in
person, four by telephone)

Sleep hygiene guidelines Sleep hygiene guidelines

Abbreviation: CBT-I, cognitive behavioral therapy for insomnia.
�Placebo matched to armodafinil 50 mg.
†On intervention days 1 to 3 and 44 to 47, armodafinil 50 mg was provided in morning, with matching placebo in afternoon; armodafinil 50 mg twice per day was

provided on days 4 to 43.
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afternoon, 50 mg). Twice-per-day treatment was continued for 40 days, fol-
lowed by 4 days of 50 mg in the morning and P in the afternoon.

Assessments

Primary outcome. The Insomnia Severity Index (ISI) is a commonly
used seven-item psychometrically validated measure used to rate insomnia,
with scores of 0 to 7 indicating absence of insomnia, 8 to 14 indicating
subthreshold insomnia symptoms, 15 to 21 indicating moderate insomnia,
and 22 to 28 indicating severe insomnia.21-23

Secondary outcome. The Pittsburgh Sleep Quality Inventory (PSQI) is a
commonly used 19-item psychometrically validated measure of sleep quality
and disturbances. It has a score range of 0 to 21, with scores � 5 associated with
good sleep quality and � 5 associated with poor sleep quality.24

On enrollment, patients provided demographic and clinical information
and a brief sleep history. Other assessments were made before (baseline),
weekly during the intervention (ISI only), immediately after the intervention
(postintervention), and 3 months after the study intervention (follow-up).

Sample Size

Our target accrual in the original protocol was 226 participants. We
assumed a 20% attrition rate and projected the resulting 180 participants (45
per arm) would have 80% power to detect a difference in ISI mean post-pre
change scores between arms of 1.7. This assumed a longitudinal analysis using
estimation by generalized estimating equation and possible linear splines to
represent trajectories in each arm. Because of our ability to randomly assign
only 96 patients, and the fact that the original planned analysis would be
problematic with this smaller sample size, we changed the primary analysis to
analysis of covariance (ANCOVA) using preintervention ISI as the covariate,

with appropriate contrasts to evaluate the four planned comparisons (ie, P
group compared with other three groups, and CBT-I plus A compared with
CBT-I plus P). With four comparisons (ie, significance level, .0125; standard
deviation, 4.7; pre-post correlation, 0.58; determined from randomized con-
trolled trial of yoga for sleep quality among cancer survivors25), we calculated
that 96 participants would have 80% power to detect a difference in mean
change between arms of 4.2, corresponding to an effect size of 0.90.

Statistical Analyses

ANCOVA was used for the postintervention score (average of two
postintervention weeks), controlling for the score at the time of consent (pre-
intervention). Using appropriate contrasts, the mean post-pre change was
estimated for CBT-I plus A versus P, CBT-I plus P versus P, A versus P, and
CBT-I plus A versus CBT-I plus P. P values less than .0125 were considered
statistically significant (Bonferroni adjustment).

Analyses were performed by intention to treat, although 23 (24%) of the
96 randomly assigned eligible patients did not provide postintervention data.
The missing value patterns (monotone dropout, 75%; sporadic missing data,
25%) were examined through visual inspection and logistic regression of
missing data versus treatment arm and demographic characteristics. We also
tested whether the rate of missing data depended on the previous ISI value. We
found no evidence the data were not missing at random and therefore assumed
a missing-at-random mechanism.26 Multiple imputation (MI; SAS PROC MI:
100 complete data sets per arm, Markov chain Monte Carlo single-chain
method with 200 burn-in iterations, EM posterior-mode starting values,
Jeffrey’s prior based on baseline and postintervention ISI, and daytime
sequelae portion of ISI—leaving out sleep continuity items that would be
affected by CBT-I intervention—for each intermediate time point) was

Table 2. Comparison of Insomnia and Sleep Quality at Postintervention by Study Conditions

Comparison Estimate SE 95% CI P� Effect Size

Insomnia†

CBT-I plus placebo v placebo
Complete case �5.13 1.53 �8.19 to �2.06 .001 �1.06
MI �4.93 1.85 �8.63 to �1.22 .010 �1.02

CBT-I plus armodafinil v placebo
Complete case �6.92 1.55 �10.02 to �3.81 � .001 �1.43
MI �6.36 1.84 �10.02 to �2.69 .001 �1.31

Armodafinil v placebo
Complete case 1.57 1.60 �1.64 to 4.77 .333 0.32
MI 1.04 1.89 �2.74 to 4.82 .584 0.21

CBT-I plus armodafinil v CBT-I plus placebo
Complete case �1.79 1.54 �4.86 to 1.29 .249 �0.37
MI �1.43 1.78 �4.91 to 2.05 .421 �0.29

Sleep Quality‡

CBT-I plus placebo v placebo
Complete case �3.48 1.09 �5.66 to �1.30 .002 �0.99
MI �3.22 1.17 �5.57 to �0.88 .008 �0.92

CBT-I plus armodafinil v placebo
Complete case �4.12 1.15 �6.42 to �1.82 .001 �1.17
MI �4.03 1.21 �6.45 to �1.61 .002 �1.14

Armodafinil v placebo
Complete case 1.33 1.15 �0.97 to 3.63 .251 0.38
MI 1.40 1.23 �1.05 to 3.86 .257 0.40

CBT-I plus armodafinil v CBT-I plus placebo
Complete case �0.64 1.13 �2.89 to 1.61 .572 �0.18
MI �0.81 1.18 �3.11 to 1.50 .494 �0.23

NOTE. Analyses are presented as both complete case and MI because of frequent missing data. Estimates and associated statistics refer to differences between
groups in mean change from baseline. Effect size is standardized mean difference.
Abbreviations: ANCOVA, two-way analysis of covariance; CBT-I, cognitive behavioral therapy for insomnia; MI, multiple imputation.
�P values denote improvements compared with placebo from comparison by ANCOVA, controlling for values at time of consent.
†By Insomnia Severity Index.
‡By Pittsburgh Sleep Quality Index.
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used to evaluate the sensitivity of the results to the missing data. The MI
analysis results were similar to the complete case analyses, in which only
those patients who provided postintervention data were included. Both
sets of results are listed in Table 2; however, for space reasons, we provide
only the MI results elsewhere in the report, because they are less likely to be
biased because of the missing data.

Using the factorial nature of the design, we performed a similar analysis
for ISI using drug (yes or no), CBT-I (yes or no), and drug * CBT-I interaction
as the factors and baseline as the covariate. In addition, a longitudinal analysis
to compare the group trajectories of ISI over the 7-week intervention period is
reported in the Appendix and Appendix Fig A1 (online only). We used SAS
software (version 9.2; SAS Institute, Cary, NC) SPSS software (version 19;
SPSS, Chicago, IL), and R software (version 3; http://www.r-project.org) for
analyses as appropriate.

RESULTS

Of the 138 patients who consented to screening, 114 were eligible, and
96 were randomly assigned; 88 patients (eligible, 77%; randomized

assigned, 92%) began the intervention, and 73 patients (83% of 88
patients beginning intervention) completed the 7-week intervention
(Fig 1). Average compliance with the study medication, as determined
by the returned study medication cards, was � 90% for all study arms
and did not differ significantly by group. No serious related adverse
events were reported. One grade 2 possibly related event (tingling,
numbness, and weakness in legs) occurred, as did two probably related
grade 2 events (headaches). All three events occurred in patients as-
signed to CBT-I plus A. Table 3 lists the baseline characteristics by
treatment group; there were no important differences between the
treatment groups for any baseline characteristics.

Mean severity of insomnia during the postintervention period
for the four study conditions were as follows: CBT-I plus P, 5.61;
CBT-I plus A, 3.35; P, 10.47; and A, 12.17 (Table 2; Fig 2). ANCOVA
with MI and controlling for values at time of consent showed that
participants in both the CBT-I plus A (P � .001) and CBT-I plus P
groups (P � .010) had significantly less insomnia than those in the P

Consented for screening
(n = 138)

Eligible
(n = 114)

Randomly assigned
(n = 96)

Excluded
   Ceased responding to contacts
   Changed mind about participating
   Began or restarted sleep medication
   Did not complete baseline measures
   Did not receive approval from physician 
      to participate
   Found the diaries too much trouble
   Did not want to take study medication
   Had a family emergency

(n = 18)
   (n = 3)
   (n = 4)
   (n = 3)
   (n = 4)
   (n = 1)

   (n = 1)
   (n = 1)
   (n = 1)

Group 1
Randomly allocated
to CBT-I + placebo

(n = 24)

Completed the intervention
Excluded
  Did not start the
    intervention
      Had cancer recurrence
      Declined CBT-I
      Declined study
         medication
  Withdrew at week 5
  Withdrew at week 1
     because of increased
     heart palpitations and
     dizziness that the
     patient attributed to
     the study medication

Completed the intervention
Excluded
  Did not start the 
    intervention (patient
        too busy)
  Withdrew at week 5
      (for no stated reason)
  Withdrew at week 3
     (for no stated reason)
  Withdrew at week 1 
      due to cancer recurrence
  Withdrew at week 1 
      due to intolerance of
      lactose in study
      medication

Completed the intervention
Excluded
  Did not start the
    intervention
      Referred to sleep lab
      Did not return baseline
         questionnaires
  Withdrew at week 6
      (for no stated reason)
  Withdrew at week 2
      (for no stated reason)
  Withdrew at week 3 
      due to resuming sleep
      medications

Completed the intervention
Excluded
  Did not start the 
      intervention (patient 
        hospitalized)
  Withdrew at week 1
      due to side effects
  Withdrew at week 1
     due to being too busy
  Withdrew at week 3 
      due to resuming sleep
      medication
  Withdrew at week 3 
      due to family crisis

(n = 19)

(n = 3)

(n = 1)
  (n = 1)
(n = 1)

(n = 1)
(n = 1)

(n = 18)
 

(n = 1)

  
(n = 1)

(n = 1)

(n = 1)

(n = 1)

(n = 19)
(n = 3)

(n = 1)
  (n = 2)

  
(n = 1)

(n = 1)

(n = 1)

(n = 17)
  

(n = 1)

  
(n = 2)

(n = 1)

(n = 2)

(n = 1)

Group 2
Randomly allocated

to CBT-I + armodafinil
(n = 23)

Group 3
Randomly allocated

to placebo
(n = 25)

Group 4
Randomly allocated

to armodafinil
(n = 24)

Fig 1. Trial profile. CBT-I, cognitive behavioral therapy for insomnia.

Roscoe et al

168 © 2014 by American Society of Clinical Oncology JOURNAL OF CLINICAL ONCOLOGY

http://www.r-project.org


group. The A and P groups were not significantly different (P � .584),
nor was the CBT-I plus A group significantly different from the CBT-I
plus P group (P � .421).

From the factorial analysis, the estimated improvement on the
ISI from receiving CBT-I was a significant 7.40 points (P � .001). We
note that an 8.5-point reduction on the ISI is associated with moderate
improvement,27 and 60% of the CBT-I participants achieved at least
this level of relief, compared with only 20% of the non–CBT-I partic-
ipants. The estimated improvement from receiving A was a nonsignif-
icant 1.43 points (P � .424). The CBT-I by A interaction was also not
significant (P � .346), indicating that the effect of CBT-I was indepen-
dent of treatment with A. The findings from the longitudinal analyses,
which are reported in the Appendix (online only), were similar.

We also compared the change from postintervention ISI with
follow-up ISI (average of weeks 23 and 24) using a one-way ANOVA.
None of the groups showed a statistically significant change from
post-treatment to follow-up (P � .505).

Our findings on sleep quality as assessed by the PSQI total
score mirrored the findings with the ISI (Table 2; Fig 3). Mean
scores using MI on the postintervention PSQI in groups one to four
were 4.69, 4.21, 8.32, and 9.46, respectively, indicating good sleep
quality (ie, scores � 5) for both the CBT-I plus P and CBT-I plus A
groups and poor sleep quality (ie, scores � 5) for both the A and P
groups. ANCOVA with MI and controlling for values at time of
consent showed that participants in both the CBT-I plus A (P �
.002) and CBT-I plus P groups (P � .008) had better sleep quality
than those in the P group. The A and P groups were not signifi-
cantly different (P � .257), nor was the CBT-I plus A group
significantly different from the CBT-I plus P group (P � .494).

ANCOVA with MI and controlling for values at time of con-
sent to assess the main effects of CBT-I and A and their interaction
on the PSQI showed the estimated improvement from receiving
CBT-I was a statistically significant 5.43 points (P � .001). The
estimated improvement from receiving A was a statistically

Table 3. Demographic and Clinical Characteristics of Participants by Study Group

Characteristic

CBT-I Plus
Placebo
(n � 24)

CBT-I Plus
Armodafinil

(n � 23)
Placebo
(n � 25)

Armodafinil
(n � 24)

No. % No. % No. % No. %

Age, years
Mean 59 56 52 57
SD 9.9 10.2 11.5 7.4

Sex
Male 3 12 1 4 7 28 1 4
Female 21 87 22 96 18 72 23 96

Ethnicity
Non-Hispanic 23 96 22 96 24 96 22 92
Unknown 1 4 1 4 1 4 2 8

Race
White 23 96 21 91 19 76 23 96
African American 1 4 2 9 4 16 1 4
Unknown or other 2 8

Education
� High school 20 83 19 86 23 92 23 96
� High school 4 17 3 14 2 8 1 4

Married 13 54 16 70 18 72 12 50
Time from last cancer treatment to intervention, days

Mean 1,625 1,647 654 1,363
Minimum 136 48 112 104
Maximum 7,071 10,034 1,957 6,115

Type of cancer
Breast 16 67 17 74 15 60 17 71
Other 8 33 6 26 10 40 7 29

Type of cancer treatment
Chemotherapy 17 71 17 74 21 84 22 92
Radiotherapy 19 79 18 78 17 68 17 71

Receiving hormone therapy
Yes 3 12 4 17 5 20 — —
No 19 79 19 80 16 64 19 79
Unknown 2 8 4 16 5 21

Insomnia at time of consent�

Mean 15.2 15.1 14.7 14.7
SD 4.6 5.4 5.3 4.4

Abbreviations: CBT-I, cognitive behavioral therapy for insomnia; SD, standard deviation.
�By Insomnia Severity Index.
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nonsignificant 0.81 points (P � .496). The CBT-I by A interaction
was also not statistically significant (P � .198), indicating that the
CBT-I plus A effects are additive. As with the ISI, none of the
groups showed a statistically significant change in PSQI from
postinteraction to follow-up (P � .881).

DISCUSSION

A 7-week treatment program of CBT-I was effective in treating insom-
nia in cancer survivors. This finding is in keeping with reports from

several recent studies.18,19,28-30 CBT-I produced strong and consistent
reductions in insomnia severity from the time of consent to post-
treatment, both with and without the addition of A. As assessed with
the ISI, patients receiving CBT-I reported rapid improvement, with
substantial change occurring by the second week of therapy. Contin-
ual improvements were observed through the remainder of the inter-
vention. The decrease in insomnia remained stable 3 months after the
conclusion of CBT-I. Improvement in sleep quality as assessed by the
PSQI for those receiving CBT-I compared with those who did not
mirrored the insomnia findings.

Contrary to our positive findings regarding CBT-I, our hypoth-
esis that the addition of A to CBT-I would improve outcomes in
treating insomnia in cancer survivors was not supported. The modest
improvements on the ISI and PSQI observed in both the complete-
case and MI analyses for the CBT-I plus A group compared with
CBT-I plus P group did not reach statistical significance. A alone
compared with P also showed no improvement on either the ISI or
PSQI for any analyses. These findings parallel the outcomes in a prior
study published by our research group.20 In that study, a single dose of
modafinil (100 mg every morning), alone or in combination with
CBT-I, in 30 patients with insomnia disorder did not directly affect
sleep continuity as assessed prospectively and serially with sleep dia-
ries. It was found, however, that CBT-I along with modafinil im-
proved daytime sleepiness. A subsequent report will describe on the
impact of A on treatment adherence, daytime sleepiness, and sleep
continuity in the current trial.

Although the findings from the this study are consistent with
our previous findings, it is possible that the fixed-dosage regimen
(morning, 50 mg; afternoon, 50 mg) used in this protocol contrib-
uted to the lack of observed effects. Two interpretations are possi-
ble. First, the afternoon dosage may not have allowed enough time
for the drug to clear before sleep onset, serving to compromise the
efficacy of CBT-I by making sleep onset more difficult. Second, and
conversely, the afternoon dose may have been insufficient to pro-
long wakefulness until the prescribed time for bed. It is possible
that both explanations are correct and that these outcomes vary by
individual and thus can only be addressed by a study that embraces
a flexible dosing approach (ie, allows for amount of medication
and time of administration to be varied by participant). An addi-
tional reason for the failure of this study to support our hypothesis
concerning A may have been our low accrual (only 138 of
targeted 226 patients). Although low accrual may have reduced
our ability to detect an effect for A, the CIs for the CBT-I plus A
and CBT-I plus P groups and the consistency of findings across
the two drug groups indicate that as used, A is unlikely to have
any clinically important effects on sleep quality or insomnia.
The failure of A to produce benefits additive to those of CBT-I
for the treatment of insomnia should discourage the use of this
drug in oncologic practice.

The primary strength of our study was its longitudinal nature,
with weekly assessments and 3-month follow-up. These multiple
assessment points and positive findings regarding CBT-I in both of
the study arms in which it was used allow us to conclude that CBT-I
results in robust improvement in insomnia and sleep quality and
that cancer survivors with insomnia receive rapid and lasting ben-
efit from it. Considering the prevalence of insomnia in patients
with cancer and survivors, the potential for poorer outcomes if
insomnia remains untreated,31-34 and the efficacy of CBT-I in
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Fig 2. Insomnia Severity Index. Nos. per study arm at beginning of
intervention, postintervention, and follow-up were as follows: cognitive
behavioral therapy for insomnia (CBT-I) plus placebo, 21, 18, and 16; CBT-I
plus armodafinil, 22, 17, and 16; placebo, 22, 17, and 19; and armodafinil, 23,
15, and 14, respectively. (*) P values indicate difference from placebo using
analysis of covariance, with multiple imputation and controlling for values at
time of consent.
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treating the disorder, it is desirable that providers and patients
obtain increased access to evidence-based nonpharmacologic sleep
interventions as an integral part of comprehensive cancer care.
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Appendix

We also performed a longitudinal analysis to compare the group trajectories of Insomnia Severity Index (ISI) total scores over the
7-week intervention period and the 2 weeks after the intervention. Figure 2 shows the trajectories. To accommodate the curvature in the
profiles, particularly for the cognitive behavioral therapy for insomnia (CBT-I) groups, we fit a linear mixed model with natural cubic
smoothing splines (2 knots)—S(Week)—to represent changes over time. (Cubic smoothing splines are piecewise cubic polynomials that
can adapt to wide variety of shapes, with minimal sensitivity to random errors.) The fixed effects in the model were S(Week), CBT-I (yes
or no), drug (yes or no), and all second- and third-order interactions. Participant-specific slope and intercept were the random effects,
with residual error independent of the random effects. Restricted maximum likelihood estimation was used, and inferences were
performed using the Kenward-Roger procedure (Kenward MG, Roger JH: Biometrics 53:983-997, 1997).

There was no statistically significant effect of armodafinil on the CBT-I trajectory [P � .338; H0: S(Week) * CBT * drug
interaction � 0]. Hence, the shape of the CBT-I trajectory did not significantly change with the addition of armodafinil. The
CBT-I effect itself was highly significant [P � .001; H0: S(Week) * CBT interaction � 0]. The drug effect was not significant
[P � .7269; H0: S(Week) * drug interaction � 0].
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