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Study Objectives: To evaluate the efficacy and safety of doxepin (DXP) 3 mg and 6 mg in adults diagnosed with primary insomnia.

Design and Methods: The study was a randomized, double-blind, parallel-group, placebo-controlled trial. Patients meeting DSM-IV-TR criteria for
primary insomnia were randomized to 35 days of nightly treatment with DXP 3 mg (n = 75), DXP 6 mg (n = 73), or placebo (PBO; n = 73), followed
by 2 nights of single-blind PBO to evaluate discontinuation (DC) effects. Efficacy was assessed using polysomnography (PSG) and patient reports.
Efficacy data were examined for Night (N) 1, N15, and N29. Safety assessments were conducted throughout the study.

Results: Compared with PBO, DXP 3 and 6 mg significantly improved wake time after sleep onset (WASO) on N1 (3 mg and 6 mg; P < 0.0001),
N15 (3 mg P =0.0025; 6 mg P = 0.0009), and N29 (3 mg P = 0.0248; 6 mg P = 0.0009), latency to persistent sleep (LPS) on N1 (3 mg P = 0.0047;
6 mg P = 0.0007), and total sleep time (TST) on N1 (3 mg and 6 mg P < 0.0001), N15 (6 mg P = 0.0035), and N29 (3 mg P = 0.0261; 6 mg
P <0.0001). In terms of early morning awakenings, DXP 3 and 6 mg demonstrated significant improvements in SE in the final quarter of the night
on N1, N15, and N29, with the exception of 3 mg on N29 (P = 0.0691). Rates of discontinuation were low, and the safety profiles were comparable
across the 3 treatment groups. There were no significant next-day residual effects, and there were no spontaneous reports of memory impairment,
complex sleep behaviors, anticholinergic effects, weight gain, or increased appetite. Additionally, there was no evidence of rebound insomnia after
DXP discontinuation.

Conclusions: Five weeks of nightly administration of DXP 3 mg and 6 mg to adults with chronic primary insomnia resulted in significant and sus-
tained improvements in sleep maintenance and early morning awakenings (with the exception of SE in the final quarter of the night on N29 for 3
mg [P = 0.0691]). These sleep improvements were not accompanied by next-day residual effects or followed by rebound insomnia or withdrawal
effects upon discontinuation. These findings confirm the unique profile of sleep maintenance efficacy and safety of DXP observed in prior studies.
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INTRODUCTION

Insomnia, the most common sleep disorder, has an estimated
prevalence of 10% to 16%, and a median duration of 4 years,
with more than one-third of patients reporting chronicity in ex-
cess of 10 years.'* This disorder is characterized by difficulty
with sleep onset, sleep maintenance, waking too early, and/or
non-restorative sleep despite adequate opportunity to sleep that
is associated with daytime impairment or distress.”” Affected
individuals may experience more than one type of sleep distur-
bance, and the type of sleep disturbance—problems with onset,
maintenance, and/or restoration—may change with time.*

Problems with sleep onset and maintenance have been the
subject of far more research than problems with restorative
sleep and, of these, sleep maintenance problems—the inabil-
ity to stay asleep throughout the night or the propensity for
early morning awakenings—is the most common, reported
by over 70%.%!° Yet sleep maintenance problems, particularly
early morning awakening, are difficult to treat with medications
without causing daytime impairment.
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The clinical management of insomnia has been dominated
since the 1960s by agents that facilitate y-aminobutyric acid
(GABA) mediated inhibition of key arousal systems in the
brain. As a result, GABAergic agents including barbiturates,
benzodiazepines, and non-benzodiazepines, have served as the
pharmacological model for the effects of insomnia agents."
According to this model, the pharmacokinetics of an agent
determine the nature of its effects on sleep, in that the degree
of sedative/hypnotic effect is proportional to plasma drug lev-
els.'*!3 As a result, agents which have sleep-enhancing effects
in the latter part of the night are likely to have next-day residual
effects, particularly soon after waking, when plasma drug levels
will only be incrementally lower than they are towards the end
of the sleep period. However, this may not be the case for medi-
cations which enhance sleep by mechanisms other than enhanc-
ing GABAergic inhibition. A dissociation of pharmacokinetics
and clinical effects and a greater specificity of effects appears to
be particularly likely for agents that block the effects of one of
the wake-promoting systems whose activity levels depend upon
behaviors, environment, and circadian rhythm.'*!5 As a result,
agents which block these wake promoting systems have the po-
tential to have an improved risk-benefit profile in the treatment
of particular subgroups of insomnia patients.

One such agent is doxepin, a compound with potent H| his-
tamine blocking activity that has demonstrated significant sleep
promoting effects in both comorbid'® and primary insomnia'”"?
populations at doses ranging from 25 mg to 150 mg. Adverse
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effects data from these trials, however, indicate that DXP at
doses > 25 mg is associated with undesirable side effects, in-
cluding anticholinergic and antiadrenergic effects, which may
occur because of blockade of receptors other than H .'*'” How-
ever, at dosages < 6 mg, it appears that the pharmacologic ef-
fects are primarily due to histamine antagonism, such that it is
possible to achieve potent blockade of the wake-promoting ef-
fects of histamine via H, antagonism without significant effects
on other receptors.?*? Consistent with this, DXP at these low
doses has demonstrated significant sleep maintenance effects in
the last quarter of the night while manifesting no evidence of
morning impairment in objective and subjective assessments of
next-day function in chronic insomnia patients.?-*

The current study seeks to confirm the efficacy and safety
profile of DXP at doses of 3 mg and 6 mg in a 5-week trial of
adults with chronic primary insomnia. It is the first parallel-
group study of low-dose DXP in adults, and, as such, allowed
an assessment of longer duration of treatment than prior stud-
ies in this population. Additionally, this study was designed to
allow the evaluation of the potential for rebound insomnia and
withdrawal effects following discontinuation after 35 consecu-
tive days of nightly administration. This trial is intended to bet-
ter define the characteristics of DXP 3 mg and 6 mg as therapies
for individuals with chronic sleep maintenance difficulties.

METHODS

Study Design

This randomized, double-blind, placebo-controlled, parallel-
group study was conducted in 22 sleep centers in the United
States. An institutional review board approved the protocol
and informed consent form for each study site, and the study
was carried out in accordance with the Declaration of Helsinki
and the International Conference on Harmonisation of Good
Clinical Practices. All patients signed an informed consent
form prior to screening procedures. Patients were compensated
for their participation.

Patients

Men and women between the ages of 18 and 64 (inclusive)
years with a DSM-IV-TR diagnosis of primary insomnia who
reported sleep maintenance difficulty were eligible for inclu-
sion in the study. Patient screening for general eligibility and
sleep history was conducted during an initial clinic visit and
involved a medical, sleep, and psychiatric history; physical ex-
amination; vital sign measurements; clinical laboratory tests;
and an electrocardiogram. Patients meeting initial screening
criteria were asked to record their sleep patterns onto a daily
sleep diary prior to PSG screening (> 7 days of assessment).
The initial screening results and sleep diary data were used
to verify a DSM-IV-TR diagnosis of insomnia for at least the
last 3 months.

Primary reasons for patient exclusion from the study were as
follows: (1) excessive use of alcohol, nicotine, or caffeinated
beverages; (2) intentional napping more than twice per week;
(3) having a variation in bedtime > 2 h on 5 of 7 nights; or (4)
use of a hypnotic or any other medication known to affect sleep.

Patients meeting eligibility criteria began 2 weeks of single-
blind placebo dosing. Patients spent the first 2 nights in a sleep

SLEEP, Vol. 34, No. 10, 2011

laboratory to determine whether they met PSG screening crite-
ria. Patients were required to meet the following polysomno-
graphic entry criteria in order to be eligible for randomization:
latency to persistent sleep (LPS) > 10 min on both PSG screen-
ing nights; mean wake time during sleep (WTDS) > 60 min on
both PSG screening nights, with no night < 45 min; and TST >
240 and < 400 min on both screening nights. Patients were ex-
cluded from the study if they had > 10 apnea/hypopnea events
or periodic leg movements with arousals/h of sleep. Patients
who remained eligible continued to take single-blind placebo
for 5 consecutive nights at home.

Procedure

After completing the 5 nights of single-blind placebo, pa-
tients participated in 2 consecutive nights of 8-h continuous
PSG recordings in a sleep laboratory. Eligible patients were
randomly assigned to one of 3 treatment groups (DXP 3 mg, 6
mg, or placebo) in a 1:1:1 ratio. The placebo ingredients were
identical to the 3 mg and 6 mg capsules, with all being opaque
white capsules. Patients continued to take single-blind PBO for
5 consecutive nights at home, until the start of double-blind
treatment. Subsequently, patients began 35 consecutive nights
of treatment which included supervised administration of study
drug in a sleep laboratory and nightly unsupervised administra-
tion of study medication at home between visits. At each study
visit during the double-blind treatment period, patients had 2
nights of 8-h PSG recording (N1 and N2; N15 and N16; and
N29 and N30). During the discontinuation period (N36 and
N37), patients received single-blind PBO and had 2 final nights
of 8-h PSG recording.

Patients were instructed to arrive at the study center 2 h pri-
or to their median habitual bedtime on sleep laboratory nights
for 8 h of continuous PSG recording. Study drug was admin-
istered approximately 30 min before the patient’s bedtime
(lights-out). The following morning, approximately 1 h after
completion of PSG recording, patients filled out a questionnaire
assessing sleep characteristics and completed tests evaluating
next-day residual effects. Safety assessments were performed
pre- and post-dose.

Study Assessments

The PSG recordings were conducted in accordance with the
Rechtschaffen and Kales manual,* and were scored by a PSG
technologist at a central PSG facility in a blinded fashion. The
prospectively defined primary efficacy endpoint was WASO
on N1. Other prospectively defined PSG efficacy variables in-
cluded WASO at other time points, LPS, number of awakenings
after sleep onset (NAASO), TST, SE, and wake time after sleep
([WTAS] time from the last epoch of sleep until the end of the
8-h recording period). SE was further analyzed prospectively
by quarter of the night and by hour. Sleep architecture included
the percentages and duration (in min) of stage 1, 2, and 3/4
sleep, REM sleep, and latency to REM sleep. Patients also com-
pleted a morning questionnaire to provide their assessments of
treatment. Patient-reported measures included latency to sleep
onset (LSO), WASO (sWASO), TST (sTST), NAASO (sNA-
ASO), and sleep quality (scale from —3 to 3; —3 = extremely
poor, —2 = very poor, —1 = poor, 0 = fair, 1 = good, 2 = very
good, 3 = excellent). All efficacy measures were assessed for
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up to 4 weeks; results are provided for efficacy assessments on
N1, N15, and N29.

Next-day residual effects were assessed objectively with the
Digit Symbol Substitution Test (DSST)* and Symbol Copying
Test (SCT),” and subjectively with a 100-mm visual analog
scale (VAS) for sleepiness. Safety was also assessed by moni-
toring adverse events (AEs) and by examining the changes from
baseline in laboratory test values (hematology, serum chemis-
try, and urinalysis), vital signs, 12-lead electrocardiograms, and
physical examinations.

Rebound insomnia was evaluated primarily as the change in
WASO from baseline to N36 and N37 (individually), and also
defined as the percentage of patients with > 35-min increase in
WASO compared to baseline. Withdrawal symptoms were as-
sessed during the DC period and included Benzodiazepine With-
drawal Symptom Questionnaire (BWSQ) scores, vital signs, and
spontaneously reported AEs. The BWSQ consists of 20 items or
questions designed to assess symptoms experienced by patients
at any time during administration of, or withdrawal from, a ben-
zodiazepine or benzodiazepine-related compound.? Withdraw-
al was defined as the emergence of > 3 new symptoms or the
worsening of previous symptoms during the DC period on the
BWSQ. AEs occurring during the DC period were reviewed for
events that might signal withdrawal and/or rebound insomnia.

Treatment adherence was assessed in 2 ways. While in the
sleep laboratory, a mouth check was performed. For study drug
self-administered at home, an adherence check was performed
by counting the capsules returned at each study visit. Addition-
ally, patients were asked if they had taken study drug for the 5
nights prior to each visit. When subjects returned to the study
center for a scheduled or unscheduled visit, they were instructed
to bring their study drug supplies for accountability procedures.

Statistical Analysis

Efficacy analyses were conducted using the intent-to-treat
analysis set. This dataset included all randomized patients who
received > 1 dose of double-blind study drug. Analysis of co-
variance (ANCOVA) methods were used to compare mean
WASO values from N1 between placebo, DXP 3 mg, or DXP 6
mg, using a model that included main effects for treatment and
study center with the baseline WASO as a covariate. The same
methods were used to analyze all other continuous efficacy var-
iables on N1, N15, and N29, and also for WASO on N15 and
N29. For several of the key variables, the average across the
double-blind period was calculated using N1, N15, and N29.
For LPS, latency to REM sleep, latency to stage 2 sleep, and
LSO data were analyzed using log-transformed values (natural
log). In order to determine if treatment benefit was maintained
across time, a one-sample (paired) t-test was used to assess
whether the change from Night 1 to Night 29 was significantly
different from zero for WASO, TST, and LPS. Standardized ef-
fect sizes for all PSG variables (Cohen’s d) were calculated by
computing differences from placebo for each active condition
and dividing by the pooled standard deviation.*

The patient-reported sleep maintenance and sleep dura-
tion endpoints, sWASO and sTST, were further analyzed post
hoc with a mixed-effect model repeated measures (MMRM)
approach. Both sWASO and sTST were analyzed using the
MMRM method that included fixed effects for treatment group,
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time (as a discrete factor), the treatment-by-time interaction, and
the baseline value of the endpoint. In order to avoid the potential
sensitivity of tests and estimators to the choice of an arbitrary
covariance structure, each analysis used an unstructured covari-
ance matrix for the repeated observations within each subject.

The mean changes from Night 1 to the average of the D2 and
D3 DSST, SCT, and VAS values were compared among treat-
ments using an ANCOVA model with terms for treatment and
center, and the Night 1 value as a covariate. Pairwise compari-
sons of each active treatment versus placebo using the Dunnett
test were performed. For the DSST, SCT, and VAS, the average
of the data from the 2 mornings after are presented (average of
D2 and D3, D16 and D17, and D30 and D31).

The analysis set for discontinuation effects included all
patients who received single-blind PBO during the DC pe-
riod and had PSG data at baseline and on N36. The analysis
set for withdrawal effects on the BWSQ included all patients
who completed assessments at N36 and the final study visit.
Descriptive statistics are presented for the variables assessed
during the DC period.

Funding for this study was provided by Somaxon Pharma-
ceuticals, Inc. Data and statistical analyses for this study were
fully available to all authors. A representative of the sponsor
ensured that the procedures set out a priori in the protocol were
followed and that all FDA regulations were adhered to. All au-
thors were involved with the preparation of the manuscript and
vouch for the completeness and accuracy of the data and analy-
ses presented.

RESULTS

Study Population

A total of 1082 patients were screened for participation. Of
the 229 patients randomized, 203 patients (89%) completed
both double-blind treatment and discontinuation periods. Of
the 26 patients (11%) who discontinued the study, 8 patients
(3.5%) discontinued after randomization (baseline), but before
receiving a dose of double-blind study drug (these patients were
not included in ITT or safety analyses data sets), and 18 patients
(11%) discontinued during double-blind treatment, with no pa-
tients discontinuing during the DC period. Early discontinua-
tion rates and baseline characteristics were comparable across
treatment groups (Table 1).

Efficacy

PSG measures

Sleep maintenance and duration: Unless otherwise
noted, only significant results are presented. All of the fol-
lowing comparisons were versus placebo unless otherwise
noted. WASO was significantly improved on N1 (primary
efficacy endpoint; P < 0.0001), N15 (P = 0.0053), and N29
(P = 0.0299; Figure 1) for DXP 3 mg, and on N1 (primary
efficacy endpoint; P < 0.0001), N15 (P = 0.0023), and N29
(P =0.0012) for DXP 6 mg. To determine if there were any
effects based on ethnicity, summary statistics were further
examined for WASO on N1 separately for African Americans
and Caucasians, the 2 largest ethnic groups. Overall, the im-
provement in WASO on N1 for DXP 3 mg and 6 mg treat-
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Table 1—Study disposition and demographics

Placebo Doxepin 3 mg Doxepin 6 mg Total
Parameter (n=76) (n=77) (n=76) (n=229)

Completed study 88% 88% 89% 89%

Discontinued from study 12% 12% 1% 1%
Reason: Adverse Event 1% 3% 4% 3%
Reason: Consent Withdrawn 4% 3% 0% 2%
Reason: Protocol Violation 0% 1% 0% <1%
Reason: Noncompliance 3% 3% 3% 3%
Reason: Other 4% 3% 4% 4%

Age (years) (n=173) (n=75) (n=73) (n=221)!
Mean (SD) 436 (12.3) 45.5 (10.6) 442 (11.1) 445 (11.3)
Range 18-64 20-64 19-63 18-64

BMI (kg/m?) (n=73) (n=75) (n=73) (n=221)!
Mean (SD) 26.4 (4.5) 27.8 (4.9) 274 (4.1) 27.2 (4.6)
Range 18.2-40.6 19.1-41.5 19.2-38.0 18.2-41.5

Gender (n=73) (n=175) (n=T73) (n=221)"
Female 70% 7% 71% 73%
Male 30% 23% 29% 27%

Race/Ethnicity (n=173) (n=75) (n=73) (n=221)!
Caucasian 48% 44% 53% 48%
African American 34% 35% 29% 33%
Hispanic 15% 20% 14% 16%
Other 2% 1% 4% 3%

"Eight patients who did not receive study drug are not included in these data sets (N = 221).

EPBO EDXP3mg MDXP6mg

70 7 68
66

67

Minutes (mean)

Baseline Night 1 Night 29
P-value
3mg  <0.0001 0.0248
6mg  <0.0001 0.0009

Figure 1—Effects of doxepin 3 mg and 6 mg on wake after sleep
onset (WASO). Data included in this Figure are derived from the
ITT analysis set.
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ments compared with the placebo group did not differ across
the ethnic subgroups, indicating doxepin was effective inde-
pendent of race. Mean WASO (SD) in African Americans on
N1 were: PBO = 71.2 (61.6); DXP 3 mg = 39.9 (27.8); DXP
6 mg = 30.8 (22.3). Mean WASO in Caucasians on N1 were:
PBO = 70.5 (46.1); DXP 3 mg = 42.4 (34.4); DXP 6 mg =
36.0 (24.1). To determine if there were any efficacy differ-
ences between the 2 active doses, a 2-sample #-test was used
to compare the 2 dose groups; there were no significant dif-
ferences between groups on WASO.

TST and consequently SE were also significantly improved
on N1 (P <0.0001) and N29 (P = 0.0262; Figure 2) for DXP 3
mg, and on N1 (P <0.0001), N15 (P = 0.0157), and N29 (P =
0.0003) for DXP 6 mg. There were no significant differences
in NAASO for any dose at any time point. The PSG variables
(at each time point and overall) and the associated effect sizes
(overall only) appear in Table 2.

In terms of early morning awakenings, SE in the last quarter
of the night was significantly improved on N1 (P =0.0008) and
N15 (P =0.0220) for DXP 3 mg, and on N1 (P < 0.0001), N15
(P=0.0239), and N29 (P = 0.0029) for DXP 6 mg. SE in Hour
8 was significantly improved on N1 (P < 0.0001; Figure 3) and
N29 (P =0.0315) for DXP 3 mg, and on N1 (P <0.0001), N15
(P=0.0162), and N29 (P = 0.0020) for DXP 6 mg. WTAS was
significantly improved on N1 (P = 0.0001) for DXP 3 mg, and
also on N1 (P =0.0016) for DXP 6 mg.

Sleep onset: LPS was significantly improvedon N1 (P=0.0047)
for DXP 3 mg, and on N1 (P=0.0007) for DXP 6 mg.
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Table 2—Effect of doxepin and placebo on PSG sleep onset, sleep maintenance, and early morning awakening parameters
Baseline Night 1 Night 15 Night 29 Double-Blind Average*
Measure Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)  Effect size (d)
WASO (min)
Placebo 65.7 (36.8) 66.8 (49.9) 60.5 (51.9) 60.5 (38.8) 62.5 (37.7) N/A
DXP 3 mg 67.8 (33.6) 414 (31.5) 447 (29.2) 47.2*  (43.5) 44.4**  (26.6) 0.58
DXP 6 mg 65.0 (33.2) 36.3**  (26.1) 41.7%  (29.4) 40.7  (37.3) 39.5%*  (26.1) 0.72
TST (min)
Placebo 380.2 (44.4) 373.9 (71.7) 389.2 (62.8) 391.5 (48.9) 385.0 (53.0) N/A
DXP 3 mg 380.3 (46.1) 4153 (41.7) 402.1 (50.4) 408.0*  (53.5) 408.5***  (43.0) 0.48
DXP 6 mg 380.3 (43.1) 4205 (37.1) 4114 (50.4) 4195 (44.2) 4171 (36.8) 0.72
SE Last Quarter of Night (%)
Placebo 78.3 (14.6) 79.9 (20.4) 81.2 (19.1) 80.7 (16.7) 80.8 (13.9) N/A
DXP 3 mg 79.1 (15.5) 88.3*  (13.8) 86.6  (13.6) 85.1 (14.1) 86.8*  (9.9) 0.50
DXP 6 mg 79.8 (15.0) 89.8*  (9.4) 87.4*  (12.5) 87.8™  (14.0) 88.4**  (9.1) 0.65
LPS (min)
Placebo 37.9 (28.4) 448 (54.6) 34.0 (39.0) 32.0 (35.3) 36.9 (34.1) N/A
DXP 3 mg 359 (29.8) 26.7  (23.4) 38.0 (39.6) 28.5 (26.0) 31.0 (24.9) 0.20
DXP 6 mg 39.1 (34.1) 271 (25.4) 317 (35.9) 246 (21.1) 278 (21.6) 0.32
Double-blind Average includes Nights 1, 15 and 29; SD, standard deviation; DXP, doxepin; WASO, wake after sleep onset; TST, total sleep time; SE, sleep
efficiency; LPS, latency to persistent sleep; *P < 0.05 vs placebo; data included in this Table are from the ITT analysis set; **P < 0.01; ***P < 0.0001.

Patient-reported measures

In terms of patient-reported sleep maintenance data, there
were significant improvements in sWASO for both doses of
DXP on N1 (3 mg P = 0.0003; 6 mg P = 0.0004), and also
on the double-blind average across N1, N15, and N29 (3 mg
P = 0.0354; 6 mg P = 0.0178). There were also significant
improvements in sTST for both doses of DXP at N1 (3 mg
P =0.0088; 6 mg P = 0.0135). Sleep quality was significant-
ly improved for both doses at N1 (3 mg P = 0.0068; 6 mg
P < 0. 0001), and for the 6-mg dose for double-blind average
(P = 0.0028). Subjective LSO was significantly improved on
N1 at DXP 6-mg dose (P = 0.0492).

Results from the MMRM approach using sWASO indicated
that there was a main effect for treatment, and that the treatment-
by-time interaction was not significant. Both treatment effects
were significantly different from PBO (DXP 3 mg P = 0.0213;
DXP 6 mg P = 0.0014) across the entire treatment period. The
estimated difference in SWASO between DXP 3 mg and PBO
was —10.2 min (SE = 4.41). The estimated difference in sWA-
SO between DXP 6 mg and PBO was —14.2 min (SE = 4.41).
Similar to the sWASO results, the MMRM approach using
sTST indicated that there was a main effect for treatment, and
that the treatment-by-time interaction was not significant. Both
treatment effects were significantly different from PBO across
the entire treatment period (DXP 3 mg P = 0.0469; DXP 6 mg
P =0.0042). The estimated difference in sTST between DXP 3
mg and PBO was 11.9 min (SE = 5.97). The estimated difference
in STST between DXP 6 mg and PBO was 17.3 min (SE = 5.96).

Tolerance to sedative effects

As mentioned previously, WASO was significantly improved
on N1, N15, and N29 for DXP 3 mg and 6 mg, suggesting no
evidence of tolerance to the sleep maintenance effects. TST and
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EPBO mDXP3mg MDXP6mg
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Baseline Night 1 Night 29
P-value
3mg  <0.0001 0.0261
6mg  <0.0001 <0.0001

Figure 2—Effects of doxepin 3 mg and 6 mg on total sleep time (TST).

consequently SE were both significantly improved on N1, and
N29 for DXP 3 mg, and on N1, N15 (P = 0.0023), and N29
(P=0.0012) for DXP 6 mg. For sleep onset, LPS was signifi-
cantly improved on N1, but not on N15 or N29 for DXP 3 mg
and 6 mg, suggesting the development of tolerance for the sleep
onset effects.
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data for DXP 3 mg and DXP 6 mg. The effect
in the PBO group was significantly different.
Mean change from N1 to N29 (P-values in
parentheses) are: PBO = —14.1 (0.04); DXP
3 mg=1.8(0.55); DXP 6 mg =—-2.2 (0.49).

Safety

Sleep architecture

Across the trial, there were increases in
the duration of stage 2 sleep for both doses
of DXP, which were significant at most time
points. There were no significant differences

—&— PBO
{@— DXP 3 mg
—9— DXP6mg

between the 2 DXP groups (individually)

50% T T T T T
1 2 3 4 5 6
P-value
3mg
6 mg

0.0367
0.0579

0.0007
<0.0001

0.0001
0.0003

0.0355
0.0010

0.0379
0.0150

0.0033
<0.0001

Figure 3—Effects of doxepin 3 mg and 6 mg across the night: sleep efficiency % by hour on Night 1.

versus placebo in minutes of stage 1 sleep,
stage 3/4 sleep, or REM sleep. With regards
to percentages within each sleep stage, there
were small (< 3.5%), significant DXP effects
compared with placebo on % of stage 1 sleep
(significantly less), % of stage 2 (significant-
ly more), and % of REM sleep (significantly

7 8

0.2402
0.0266

<0.0001
<0.0001

Objective Wake After Sleep Onset (WASO)

90 1
= {@— DXP 3 mg
80 + DXP 6 mg
=
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2 !
2 60 .
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40 T T T
Baseline Night 29 1 2
Days After SIL

Discontinuation

Figure 4—Effects of doxepin 3 mg and 6 mg after doxepin discontinuation:
mean WASO across the Trial; *P < 0.05. Days 1 and 2 of doxepin
discontinuation took place on nights 36 and 37.

The t-test test to examine WASO efficacy across time deter-
mined that N1 data was not significantly different from N29
data for all 3 groups. Mean changes from N1 to N29 (P-val-
ues in parentheses) were: PBO = —6.2 (0.33); DXP 3 mg = 6.2
(0.28); DXP 6 mg =4.6 (0.27).

The t-test test to examine TST efficacy across time deter-
mined that N1 data was not significantly different from N29
data for DXP 3 mg and DXP 6 mg. The effect in the PBO group
was significantly different. Mean change from N1 to N29 (P-
values in parentheses) were: PBO = 18.5 (0.02); DXP 3 mg =
—7.7 (0.17); DXP 6 mg =—1.5 (0.76).

The t-test test to examine LPS efficacy across time deter-
mined that N1 data was not significantly different from N29
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less in 6 mg group) across the trial versus
PBO. However, there were no differences between doxepin
and placebo with respect to REM latency with either dose at
any time point.

Rebound insomnia and withdrawal effects

Mean WASO (Figure 4) remained improved relative to base-
line for DXP 3 mg and 6 mg on N36, the first DC night, with
sustained improvement on N37, the second DC night. Addition-
ally, the percentage of patients meeting PSG-defined rebound
insomnia criteria based on PSG data was similar across groups.
Across the 2 nights, rebound insomnia (based on WASO crite-
ria) was experienced by 1% of the PBO group, 1% of the DXP
3 mg group, and 4% of the DXP 6 mg group.

To evaluate the occurrence of withdrawal effects, AEs occur-
ring during the DC period were reviewed for events that might
signal withdrawal and/or rebound insomnia. Overall, there was
a low incidence of AEs reported during the DC period. Ap-
proximately 8% of patients in each of the 3 groups experienced
an AE during the DC period. A review of these AEs revealed
no evidence of physical dependence, withdrawal syndrome, or
worsening insomnia. Additionally, BWSQ data indicated no
evidence of withdrawal syndrome. There were only 2 patients
(1 in PBO group, 1 in DXP 3 mg group) who experienced > 3
new symptoms on the BWSQ, the predetermined withdrawal
criteria. The mean BWSQ total scores from Day 38 were very
low overall (PBO = 0.6, DXP 3 mg=10.8, DXP 6 mg=0.4), and
similar across the treatment groups.

Residual sedation

There were no significant differences between PBO and any
dose of DXP on any of the measures assessing either psycho-
motor function (DSST and SCT; Figure 5) or next-day alertness
(VAS; Figure 5) at any time point.

Adverse events and laboratory results
Overall, there was a low incidence of AEs reported dur-
ing the study. Twenty patients (27%) experienced at least one
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AE in the PBO group, 26 patients (35%) in the DXP 3 mg
group, and 23 (32%) in the DXP 6 mg group. The most com-
mon AEs reported were headache, somnolence/sedation, and
nausea. Table 3 summarizes all adverse events occurring in
> 2% of patients.

Rates of study discontinuation were similar in the 2 DXP
groups and placebo (placebo = 12%; DXP 3 mg = 12%; DXP 6
mg = 11%). Additionally, the number of patients who withdrew
from the study due to an AE was comparable across all 3 groups
(placebo = 1%; DXP 3 mg = 3%; DXP 6 mg = 4%).

There were no reports of complex sleep behaviors, memory
impairment, or cognitive disorder in any DXP-treated subject.
There were no reports of adverse events potentially associated
with anticholinergic effects (e.g., dry mouth, blurred vision).

No clinically meaningful changes were observed in mean
laboratory values, ECGs, vital sign measurements, body
weight, or physical examination findings. Overall, DXP was
well-tolerated, with no apparent dose-related effects on safety
and a comparable overall rate of AEs and study discontinua-
tions as placebo.

DISCUSSION

The results of this randomized, placebo-controlled five-week
study of adults with chronic primary insomnia suggest that DXP
3 mg and 6 mg improves sleep maintenance, including in the fi-
nal hours of the night, in adults without any next-day residual
effects, rebound insomnia, or substantive increase in adverse ef-
fects compared with placebo. Improvement in patient-reported
sleep maintenance was also noted and paralleled the PSG find-
ings. Improvements in sleep maintenance were immediate, oc-
curring on the first night of treatment, and were sustained across
all four weeks of study treatment. Additionally, there was no

evidence of decreased response across time and minimal evi-
dence of differential efficacy between the 3 mg and 6 mg doses,
with standardized effect sizes ranging from medium to large.
These improvements do not appear to have occurred at the ex-
pense of next-day residual sedation or safety issues. There were
no significant differences between PBO and either DXP group
in next-day residual sedation, and both doses of DXP were well
tolerated with a low incidence of adverse events, essentially
comparable to that observed in the PBO group. There were no
reports of memory impairment, complex sleep behaviors, anti-
cholinergic effects, weight gain, or increased appetite. In addi-

Table 3—Summary of adverse events reported by more than 2% of
patients in any treatment group

Doxepin  Doxepin
Placebo 3mg 6 mg
Parameter (n=73) (n=75) (n=T73)
Patients with any adverse 27% 35% 32%
event
Headache 10% 5% 0%
Somnolence/sedation 5% 9% 8%
Diarrhea 3% 0% 0%
Upper respiratory tract 1% 3% 1%
infection
Vomiting 1% 0% 3%
Blood glucose increased 0% 3% 0%
Nausea 0% 4% 5%

EPBO EDXP3mg MDXP6mg

A
120 - 18 118

100

80 -

60 -

Minutes (mean)

40 -

DSST SCT VAS

Figure 5—Effects of doxepin 3 mg and 6 mg on next-day residual sedation parameters following Night 1 (A) and Night 29 (B); VAS data are inverted for
consistency with DSST and SCT results. No comparisons between conditions were statistically significant.

Minutes (mean)

DSST SCT VAS
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tion, there was no substantive evidence of an effect of DXP on
REM or stage 3/4 sleep versus PBO.

Withdrawal symptoms, rebound insomnia, and other drug
discontinuation effects are concerns associated with insomnia
medication use. Unlike prior studies of low-dose DXP, this
trial allowed for the assessment of whether this treatment is
associated with these phenomena. There was no indication
in this study that DXP 3 mg or 6 mg was associated with re-
bound insomnia, withdrawal symptoms, or any other discon-
tinuation effects. The significant improvements on N1 in sleep
maintenance endpoints were maintained on N29, suggesting
no pharmacologic tolerance to the sleep maintenance effects
across the trial.

This study also appears to provide confirmation that low-dose
DXP (< 6 mg/day) has a greater specificity of pharmacologic
effects than higher doses of DXP. Evidence for the relative ab-
sence of effects other than H, antagonism includes the absence
of AEs commonly associated with higher doses of DXP (e.g.,
anticholinergic effects, increased appetite, weight gain, ortho-
static hypotension)'®'” and the absence of significant REM sup-
pression, confirming the findings of previous trials.?** Also as
in previous trials of chronic insomnia patients, low-dose DXP
improves sleep towards the end of the night without leading to
next-day residual sedation after awakening.?*** This was partic-
ularly evident with the 6 mg dose, where sleep was significantly
improved in the last quarter of the night versus PBO as well as
in the eighth and final hour of the night compared with PBO at
all time points assessed in the study. Yet no significant next-day
residual effects were found with DSST, SCT, and VAS alertness
ratings assessed shortly after awakening (Hour 9) for either the
3 mg or 6 mg DXP dosages.

With GABAergic agents, where clinical effects are propor-
tional to serum level of drug, a potent effect in the final hour
of the night would likely be accompanied by a comparable ef-
fect shortly after waking as manifested in significant next-day
residual impairment. In this regard, it is important to note that
GABAergic agents with sleep maintenance efficacy, eszopi-
clone and zolpidem CR, do not have maintenance efficacy that
persists through the last hour of the night.?®

In a study of comparable design carried out with zolpidem
CR, no therapeutic effect in the eighth hour of the night was
observed, yet somnolence as an adverse event was still report-
ed by 14.7% of subjects vs 1.8% with placebo.?” Similarly, in a
study of eszopiclone of comparable design, no effect on sleep
was noted in the eighth hour of the night, and daytime som-
nolence was reported by 8% of eszopiclone-treated subjects
compared with 3% receiving placebo.?® In contrast, despite
having a half-life of 15.3 hours and a T, of 3.5 hours, we
found that DXP 6 mg had its most robust effect in the eighth
hour of the night. Further, the relative increase in somnolence
being reported as an adverse event with this agent was smaller
than with either eszopiclone or zolpidem CR (8% DXP 6 mg
vs 5% placebo).

This contrast between the findings of the current study and
the characteristics of agents which enhance GABAergic inhibi-
tion speaks to a fundamental mechanistic difference between
low-dose DXP and these agents. Unlike agents which enhance
GABAergic inhibition, low-dose DXP is characterized by a
dissociation between blood level and clinical effects. Towards
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the end of the night the clinical effects of low-dose DXP are
relatively augmented, as higher blood levels occur earlier in the
night (T__is 3.5 h) with less clinical effect (for example, see
Figure 3). We hypothesize that this reflects that, as noted in the
hypothalamus in animal studies, histamine release in humans
may be relatively higher towards the end of the night, providing
more histamine to be blocked with H, antagonism and lead-
ing to a greater clinical difference between DXP and placebo.”
Further, the clinical effects of DXP are relatively diminished
compared to what would be expected on the basis of blood lev-
els shortly after waking. Were this not the case, we would see
evidence of residual sedation shortly after waking given that
blood levels are only incrementally lower in the hour after wak-
ing than in the final hour of the night (Hour 8).

The fact that the greatest clinical effect is observed in Hour 8
with essentially no effects occurring after waking shortly there-
after is evidence of a dissociation of clinical effects and blood
level with DXP, which distinguishes DXP from agents which
enhance GABAergic inhibition. Although the reason that the
clinical effects of low-dose DXP are so markedly diminished
shortly after waking remains unknown, possibilities include
that a substantial increase in histamine release might occur af-
ter waking thus overwhelming the H, antagonism of low-dose
DXP. Additionally, there may be an increase in activity in other
parallel wake-promoting systems that could sustain wakeful-
ness and functional capacity, such as orexin or norepinephrine,
that are not blocked by DXP, which appears to block only H,
mediated histamine effects.

There are a number of limitations of this study. Although we
saw no evidence of dependence phenomena such as tolerance
and withdrawal, we cannot rule out that such phenomena may
not occur with longer-term nightly use given that the duration
of the double-blind period was 5 weeks. In addition, the popu-
lation of subjects included in this study was limited to primary
insomnia patients, so it is possible that the findings might not
apply to the treatment of patients with insomnia occurring with
comorbid conditions. Though studying primary insomnia pa-
tients has advantages for determining drug efficacy in terms of
lack of complicating conditions and medications, the majority
of patients seen in clinical practice have comorbid conditions,
and future studies will be needed to determine the efficacy and
safety of doxepin 3 and 6 mg in these populations of insom-
nia patients. Additionally, the battery of tests used to assess re-
sidual impairment was limited and the study would have been
strengthened by inclusion of assessments to test balance and
sustained attention, or measures of hyperarousal such as body
temperature and metabolic rate.

Although further work is needed to determine the mecha-
nism for the unique effects observed with low-dose DXP, there
are clear clinical ramifications. Low-dose DXP appears well-
suited as a treatment for chronic insomnia patients with sleep
maintenance difficulty, particularly when that includes prob-
lems in the latter part of the night, often referred to as “early
morning awakening.” In terms of early morning awakenings,
DXP at these doses appears to be capable of addressing this
type of sleep difficulty without substantively increasing residu-
al sedation and impairment.

The current study also builds on the prior studies with
low-dose DXP in providing evidence of sleep maintenance
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efficacy,”®* while also providing evidence for the absence of

discontinuation effects (rebound insomnia, other withdrawal
symptoms) across five weeks of nightly treatment in adults.
Together these studies provide the best evidence available
that a medication can effectively treat both sleep maintenance
and early morning awakenings across a variety of chronic in-
somnia populations without evidence of residual effects the
following morning.?*** Further, there was no evidence of tol-
erance to the sleep maintenance effects of low-dose DXP in
either this trial (3 mg and 6 mg) or in a previous 3-month trial
(3 mg).?* Thus, DXP 3 mg and 6 mg have promise as a treat-
ment for chronic insomnia patients with sleep maintenance
difficulties and may have unique potential to be an effective
treatment for insomnia patients who experience early morn-
ing awakenings.
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