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1. Executive Summary

1.1. Conclusions and Recommendations
The sponsor has done post-hoc analyses to dispute the apparent lack of consistency over
time of the treatment differences in terms of subjective WASO and subjective TST.
These analyses make an assumption of constancy over time that does not seem to be
justified and without this assumption they essentially confirm the original protocol
specified analyses. Therefore, for subjective WASO and TST we are left with the
inconsistency of treatment effects over time as determined by the original protocol
specified analyses. In particular, there is not solid evidence for a treatment difference in
subjective WASO (or TST) between 6mg and placebo at the end of the non-elderly adult
study.

1.2. Statistical 1ssuesfor Doxepin Complete Response Submission
The sponsor has submitted post-hoc analyses to dispute the inconsistency of the treatment
effects over time on subjective maintenance. Please refer to my statistical review of the
original NDA submission for further details of the studies and the prespecified analyses.
They argue in the new submission that the treatment by time interaction is not statistically
significant based on a MMRM (mixed model for repeated measures) analysis so that the
average treatment difference over the entire double blind period can be used to represent
the difference at the end of the double blind period. However, the non elderly adult study
(501) was not powered for a test of the treatment by time interaction (estimated power
based on simulation was 43%) and failing to reject the hypothesis of no interaction only
means there is not enough evidence to reject the hypothesis of no interaction it does not
imply that this null hypothesis is true. In order to have 80% power at the 0.05
significance level for the treatment by time interaction test we would need about twice as
many patients (170) per group to detect an interaction of a size corresponding to the
interaction parameter estimates based on this data. In other terms, with the given sample
size, to have 80% power for the interaction test the size of the difference between the
treatment effect at day 16 and day 30 would have to be about 26 minutes. To better
answer the question of whether any interaction exists one needs to take an equivalence
testing approach, i.e., let the null hypothesis be that two or more of the time specific
treatment group differences between Doxepin 6 mg and placebo differ by, for example,
10 or more minutes and the alternative hypothesis be that all their time specific treatment
differences are consistent to within 10 minutes. This reviewer found that an equivalence
testing approach to the treatment by time interaction suggests that we can not conclude
that all of the time specific treatment differences in terms of sSWASO (subjective Wake



Time after Sleep Onset) are consistent to within 10 minutes. This seems to be an
important difference considering that it is about 50% of the estimated treatment
difference on Night 1. Also, the assessment schedule probably didn’t have enough
coverage of the 30 day range to detect a non-constant relationship, i.e., we can’t
necessarily assume that the treatment difference is constant at all times in between
scheduled assessment times. If it is not then it wouldn’t make much sense to average over
the three assessments to estimate the effect at the end, whether or not the effect is
constant at these three times. For these reasons, to correctly assess the treatment
difference at the last visit we need to focus on the data from that visit alone rather than
averaging over the entire double blind period. This means that we are left with the
inconsistency of treatment effects over time as determined by the original protocol
specified analyses.

In study 501, the non-elderly adult study, the sponsor prespecified a preference for the
subjective TST over the subjective WASO in the original analysis plan: “while the
accepted measure of objective sleep maintenance is WASO, subjective total sleep time
(sTST) is the preferred measure of subjective sleep maintenance”. The subjective TST
results for the treatment difference at the final visit are not nominally significant
regardless of whether we look at the first night sTST or the sTST averaged over the two
nights of the visit (p=0.4706 and 0.1464, respectively). On the other hand, the subjective
WASO results for the last visit are nominally significant if we look at the mean of the 2
nights (p=0.0199) instead of the first night only (p=0.6282, prespecified timepoint for
analysis).

Study 503 results for the 3 mg vs. placebo difference in subjective maintenance were also
not consistent over time. As for study 501 while the treatment by time interaction did not
reach statistical significance at 0.05 or 0.10 this reviewer found that using an equivalence
testing approach we can not conclude that all of the time-specific treatment differences
are within 10 minutes of each other. Therefore, to correctly assess the treatment
difference at the last visit it seems that we need to focus on the data from that visit alone
rather than averaging over the entire double blind period. This means that we are left with
the inconsistency of treatment effects over time as determined by the original protocol
specified analyses.

The IVRS measured subjective TST was an exploratory endpoint. The usefulness of this
data is limited by it’s exploratory designation as well as the facts that a substantial
proportion of randomized patients (34%) did not have a baseline assessment and there is
a statistically significant group difference between 6 mg and placebo at baseline among
those that had baseline assessments (p=0.03). This latter fact means that any post-baseline
group difference might be due to the baseline difference rather than the treatment.

Also, because this was a study in the elderly it does not directly address subjective
maintenance for non-elderly adults where the evidence is most lacking.



2. Introduction

The Complete Response Letter outlined the Division’s concerns with respect to the safety
and efficacy of Silenor after review of the original NDA. To obtain clarity regarding
requirements for resubmission, Somaxon met with the Division at an End-of-Review Meeting
on April 6, 2009 (see minutes for the End-of-Review Meeting, 04 May 2009).

The Division’s concerns relating to efficacy, as stated in the Complete Response Letter and
clarified at the End-of-Review Meeting, were summarized by the sponsor in the complete
response submission as follows.

o The Division noted that results for subjective WASO (sWASO) in adults were not
significant at Night 15 (Day 16) and Night 29 (Day 30) for Study SP-0501.
However, they noted that nominally significant effects (unadjusted for
multiplicity) for doxepin 6 mg were seen at related times not specified for
analysis in the analysis plan: Night 16 (Day 17) and Night 30 (Day 31), as well as
for the average of Nights 15 and 16 (Days 16 and 17) and Nights 29 and 30 (Days
30 and 31).

o The Division noted that results for sWASO in elderly were not significant at Night
1 (Day 2) for Study SP-0503. However, they noted that doxepin 3 mg showed
nominal significance compared to placebo for Night 29 (Day 30) and Night 85
(Day 86).

3. Details of the Complete Response Submission

The sponsor’s summary of clinical efficacy addendum includes supplemental post-hoc
analyses for subjective sleep maintenance data from SP-0501 and SP-0503 using a mixed-
effect model repeated measures (MMRM) approach (see Hedeker and Gibbons, 2006, for a
detailed overview). For these studies, both sTST and sWASO (obtained from the morning
questionnaire) were analyzed using the MMRM method (separate models for each study and
outcome variable) that included fixed effects for treatment group, 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 covariance matrix for the repeated observations within
each subject (Davis, 2002, chapter 6).

Due to the schedule of timepoints at which repeated measurements were obtained in Study
SP-0501, the time periods for the repeated measurements were specified using two methods:

* Using the study visit as the time variable. In this case, the results from each pair of
adjacent days were averaged (Visit 4 [Days 2 and 3], Visit 5 [Days 16 and 17], Visit
6 [Days 30 and 31]) prior to analysis. This method leads to a maximum of three
repeated measurements per subject.

* Using each study day as the time period variable. Here, the result from each day was
treated as a unique repeated measurement. This method leads to a maximum of six
repeated measurements per subject.

The degree of sleep disturbance in those with insomnia can be quite variable from night to
night, and may include nights without any sleep disturbance (Edinger et al, 2004). In the



sleep laboratory setting it is common to use the average of a pair of nights to assess efficacy
(Roth et al, 2006a; Roth et al, 2006b; Scharf et al, 1994). The sponsor states that because the
best estimate for sleep is obtained by averaging over paired nights, the primary MMRM
analysis for study SP-0501 will use study visit as the time variable, such that the data from
each pair of adjacent days will be averaged prior to analysis. The MMRM analysis using each
study day as the time variable is considered to be secondary for SP-0501. Note that the
prespecified analysis did not average over paired nights but rather only used the first night of
each pair.

Although these analyses were conducted after the submission of the original NDA, a pre-
specified analysis plan was followed. According to that plan, the first step was to test the
significance of the treatment-by-time interaction. A p-value of greater than 0.1 (p>0.1) was
prespecified as the criterion for concluding that the effects of treatment did not differ
significantly over time. In addition, the two components of the treatment-by-time interaction
(for each dose versus placebo separately) were also tested.

If the p-value from the test of treatment-by-time interaction was not significant (p>0.1), then
the overall treatment differences (each dose versus placebo separately) were estimated by the
contrast averaging the corresponding treatment differences at each time point. The null
hypothesis that the treatment difference is zero was also tested. In the absence of a significant
treatment-by-time interaction, the most relevant statistical test and associated estimate of
treatment effect corresponds to that of the overall treatment difference. However, for
completeness of presentation, the estimates of the overall estimate of treatment effect are
displayed along with estimates of treatment effect at each time point, regardless of the
conclusion concerning the treatment-by-time interaction.

Reviewer’s Comment:

The sponsor’ s assertion that the new analyses were pre-specified haslittle relevance as
the plans were devel oped well after the unblinding of the data, the completion of the
original study report, and the FDA decision on the original application. In addition, this
reviewer does not believe that the new analysis plan was submitted to FDA for review.

In the Complete Response Letter, the Division stated:

“In order for a hypnotic drug product to be approved, its effect on both objective and
subjective measures of particular sleep difficulties must be established. Further, it is expected
that any treatment for patients with chronic insomnia will be shown to be effective not only at
the beginning of treatment, but also that its effects will persist out in time (at least for one
month).”

In the complete response submission the sponsor argues that a mixed model analysis
approach (MMRM) is more appropriate than the pre-specified ANCOVA analysis. This
would be arguable before the study was unblinded but not after. Here, in the absence of
any major shortcomings of the prespecified ANCOVA that are addressed by the MMRM
the ANCOVA should still be considered the primary analysis.



4. Study 501

4.1. Sponsor’s Post-hoc analyses
The fact that separate assessments were made on 2 days during each visit creates a
multiplicity type I error control issue if we consider straying from the protocol specified
approach of only using the first day of each visit for the analysis.
The LS mean differences from placebo for sWASO as determined by the sponsor for the first
and last visit are presented in Table 1.

Table 1 Sponsor’s LS Mean Difference from Placebo (Minutes) for sWASO: ITT Analysis Set

Study Time point Doxepin 1 mg Doxepin 3 mg Doxepin 6 mg
0401 Mean Day 2 & Day 3 25 27 83
0402 Mean Day 2 & Day 3 -14.5* -18.5%* -19.1**
Day 2 - -20.6*** -203***
Mean Day 2 & Day 3 - -13.7** -18.0***
30 - 32 34
0501 Day
Mean Day 30 & Day 31 — 58 -142*
Overall (MMRM)! - -10.2* -14.2**
Overall (ANCOVA) — -10.0* -142%**
Day 2 -19 -19.2 -
86 -29 7+ -24 5% —
0503 Day 3
Overall (MMREM) -10.1 -18.3** -
Overall (ANCOVA) 092 -16.9%* —
0500 Week 1 — — -22 g>**
Week 4 — — -10.5%**
0502 Day 2 - - -10.6%*

*p=0.053; **p=0.01; ***p=0.001; all such noted results faver doxepin over placebo.
1. For supplemental MMEM analysis in SP-0501, p-valnes for treatment-by-time interactions were 0.7411 (overall), 0.5943

(doxepin 3 mg), and 0.5612 (doxepin 6 mg). According to the prespecified analysis plan for supplemental analyzes, overall
effects of treatment are therefore presented.

2. For supplemental MMBM analysis in SP-0503, p-valoes for treatment-by-time interactions were 02816 (overall), 0.0891
(doxepin 1 mg), and 0.62534 (doxepin 3 mg). According to the prespecified analysis plan for supplemental analyzes, overall
effects of treatment are therefore presented As Somaxon is no longer seeking approval for doxepin 1 mg, overall results are
presented for completeness despite the lower p-value associated with the interaction term for 1 mg.

The LS mean differences from placebo for sTST as determined by the sponsor for the first
and last visit are presented in Table 2.



Table 2 Sponsor’s LS Mean Difference from Placebo (Minutes) for sTST: ITT Analysis Set

Study Time point Doxepin 1 mg Doxepin 3 mg Doxepin 6 mg
0401 Mean Day 2 & Day 3 -0.7 155 16.2*
0402 Mean Day 2 & Day 3 16.3* 23 3%== £
Day 2 - 233+ 22.0%
Mean Day 2 & Day 3 - 16.1* 20.5*%*
Day 30 - 02 9.7
0501
Mean Day 30 & Day 31 - 71 123
Overall (MMRM)' - 11.9* 17.3**
Owerall (ANCOVA) - 10.8 16.6%*
Day 2 4.0 194 -
Day 86 27.3** 22.5% -
0503 3
Owerall (MMEM) 95 18.9* -
Overall (ANCOVA) 10.5 18.5* -
Week 1 - - 28.8%==
0509
Week 4 - - 24 Q=
0502 Day 2 - - 32.0%==

*p=0.05; **p=0.01; ***p=0.001; all such noted results favor doxepm over placebo.

1. For supplemental MMEM analysis in SP-03501, p-values for treatment-by-time interactions were 0.9609 (overall), 0.8151
(doxepin 3 mg), and 0.8030 (doxepin 6 mg). According to the prespecified analysis plan for supplemental analyses,
overall effects of treatment are therefore presented.

2. For supplemental MMEM analysis in SP-0303, p-values for treatment-by-time interactions were 0.2046 (overall), 0.1175
(doxepin 1 mg), and 0.5720 (doxepin 3 mg). According to the prespecified analysis plan for supplemental analyses,
overall effects of treatment are therefore presented.

As Somaxon and the Division have noted, some individual timepoints do not show a
statistically significant effect of Silenor relative to placebo; however, Somaxon contends that
using the MMRM method to analyze and interpret data in a longitudinal study is more
efficient than point-wise analysis (Mallinckrodt et al, 2008). In their opinion in the absence of
any indication of a treatment-by-time interaction, the most reliable estimates of the treatment
effect come from the longitudinal models, not from point-wise estimates. They believe the
results from the longitudinal analyses clearly show that doxepin 3 mg and 6 mg are effective
on subjective measures of sleep maintenance when compared to placebo. However, these
MMRM analyses are entirely post-hoc. They don’t seem to add much other than the average
effect over the double blind period but the relevance of that hinges on the assumption that
there is no treatment by time interaction. Furthermore, if we are primarily interested in
whether there is an effect at the end of the treatment period then the first visit should not be
included in the average as it is in the sponsor’s analysis.

Table 3 presents the sponsor’s results for sWASO when the average over the 2 nights of
each visit is the dependent variable. Note that the prespecified analysis plan called for
using only the first night of each visit in the analysis, so these analyses are post-hoc. The
“Overall” timepoint represents the result for the treatment difference averaged over the
three visits.



Table 3 Study 501: SWASO averaged over 2 nights of each Visit

Doxepin 3 mg Doxepin 6 mg
LS Mean p-value LS Mean p-value
Difference from Difference from
Timepoint Placebo (Std. ) Placebo (5td. Em)
Overall -10.2 (4.41) 0.0213 -14.2 (4.41) 0.0014
By Visit
Visit 4 (Days 2 & 3) -133 (484 0.0065 -17.8 (4.87) 0.0003
Visit 5 (Days 16 & 17) -10.4(5.92) 0.0804 -11.4 (5.90) 0.0539
Visit 6 (Days 30 & 31) -7.0{6.23) 0.2656 -13.5 (6.23) 00316

Notes:  Subjects provided sWASO values on both days of the study wisit; data from paired days were
averaged priof to analysis. See SCE Addendum Attachment 1 Section 6.1 for an overview of
the extent of missing data by study visit. Values of sWASO =8 hours are excluded from the
analysis prior to averaging across paired davs (one value met this criterion; see SCE
Addendum Attachment 1 Table A3 for details). P-values comparing each active treatment
versus placebo are obtained from a MMBM analysis that includes the main effects for
treatment, visit, and the treatment-by-visit interaction with the baseline value as a covariate. P-
values for the treatment-by-visit interaction were 0.7411 {overall), 0.5943 (doxepin 3 mg
versus placebo), and 0.5612 (doxepin 6 mg versus placebo).

Table 4 presents the sponsor’s results for sTST when the average over the 2 nights of
each visit is the dependent variable. The sponsor prespecified the sTST as a key
secondary endpoint rather than the sWASO.

Table 4 Study 501: STST averaged over 2 nights of each Visit

Doxepin 3 mg Doxepin 6 mg

LS Mean p-value LS Mean p-value

Difference from Difference from

Timepoint Placebo (Std. Er) Placebo (Std. Em)
Overall 11.9 (5.97) 0.0469 17.3 (5.96) 0.0042

By Visit

Visit 4 (Days 2 & 3) 14.7 (6.76) 0.0307 20.8 (6.79) 0.0025
Visit 5 (Days 16 & 17) 12.5 (7.86) 0.1132 16.5 (7.82) 0.0350
Visit 6 (Days 30 & 31) 8.6 (8.83) 0.3317 14.5 (8.82) 0.1023

MNotes:  Subjects provided sTST walues on both days of the study wisit; data from paired days were
averaged prior to analysis. See SCE Addendum Attachment 1 Section 6.1 for an overview of
the extent of missing data by study visit. Valoes of sTST =8 hours are excluded from the
analysis (no value met this criterion; see SCE Addendum Attachment 1 Table Al for details).
P-values comparing each active treatment versus placebo are obtained from a MMEM analysis
that includes the main effects for treatment, visit, and the treatment-by-visit interaction with the
baseline value as a covariate. P-values for the treatment-by-visit inferaction were 0.9609
(owerall), 0.8151 (doxepin 3 mg versus placebo), and 0.8050 (doxepin 6 mg versus placebo).

Table 5 summarizes the sponsor’s post-hoc analyses using MMRM. It presents the
treatment difference averaged over the entire treatment period since the treatment by time
interaction is not statistically significant at the 0.10 level.



Table 5 Summary of Sponsor’s Results for Overall Treatment Period from Post-Hoc MMRM

Estimated Difference from Placebo

Doxepin P-value from test of LS Mean

Dose treatment-by-time Difference
Study Measure Group' interaction (Std.Err) p-value
5P-0501 sWASO | All doses 0.7411

3mg 05943 -102 (441) 0.0213

6 mg 0.5612 -142 (441) 0.0014
SP-0501 sTST All doses 0.9609

3mg 0.8151 112 (597) 0.0469

6 mg 0.8050 173 (5.96) 0.0042
SP-0503 sWASO | All doses 0.2816

3mg 0.6254 -183 (6.49) | 0.0052
SP-0503 sTST All doses 0.2046

3mg 0.5720 18.2 (7.41) | 0.0114
1. “All doses™ represents the overall test of the treatment-by-time interaction

MMRM Analysis. SP-0501 (Using the Study Day asthe Repeated M easur ement)
Instead of taking only the first night for the analysis as preplanned or averaging over the 2
nights of each visit it is possible to perform an MMRM analysis using all 6 days of post-
baseline data without averaging before performing the analysis.

Results from the MMRM analysis for sWASO from SP-0501 using the study day as the
repeated measurement are provided in Table 6. For this analysis, each study day was used to
define the time period for the repeated measurements. Though it is typical to average over
paired study days prior to analysis, using the study day as the repeated measure is a
reasonable sensitivity analysis to demonstrate the robustness of the model to the choice of
time period for repeated measurements.

The treatment-by-time interaction was not significant (p=0.2047). Also not significant was
the test that the difference between doxepin 3 mg and placebo was constant over time
(p=0.1165) and the test that the difference between doxepin 6 mg and placebo was constant
over time (p=0.1677). The tests for interaction meet the post-hoc criteria to support the
conclusion that the effects of treatment do not differ significantly across time; however, the
p-values associated with the two components of the treatment-by-time interaction are smaller
than those obtained when averaging data from the two paired-days within each study visit
prior to analysis. The smallest observed treatment effect for doxepin 6 mg was -3.4 minutes
at Day 30; this was the only day for which the estimate for sWASO for doxepin 6 mg was not
reduced by at least 10 minutes when compared to placebo. In fact, the estimated treatment
effect on the following day was -23.1 minutes (Day 31). In the sponsor’s opinion, these data
are consistent with the fact that sleep patterns in patients with insomnia have substantial
night-to-night variability, and averaging data from the paired nights, although they
prespecified not doing so, reduces the inherent variability seen in insomnia patients.
Nonetheless, the maximum observed effect for doxepin 6 mg compared to placebo occurred
on Day 31, the last day sSWASO was obtained in this trial.



Table 6 Post-Hoc MMRM analysis of SWASO by Study Day

Doxepin 3 mg Doxepin 6 mg
LS Mean p-value LS Mean p-value
Difference from Difference from
Timepomt Placebo (Std. Em) Placebo (5td. Em)
Overall -10.0 (4.41) 0.0249 -14.2 (4.41) 0.0015
By Day
Day 2 -19.9 (5.67) 0.0006 -19.4 (5.70) 0.0008
Day 3 -6.8 (6.00) 0.2676 -16.5(6.11) 0.0073
Day 16 -11.3(7.98) 0.1596 -10.2 (7.96) 0.2028
Day 17 -00(6.72) 0.1831 -12.5(6.73) 0.0647
Day 30 0.4(7.36) 0.9559 -34(7.34) 0.6443
Day 31 -13.3(7.23) 0.0678 -23.1 (7.23) 0.0016
MNotes: Subjects provided sWASO values at each day (see SCE Addendum Attachment 1 Section 6.1
for an overview of the extent of missing data by sudy day). Values of sWASO =8 hours are
excluded from the analysis (one value met this criterion; see SCE Addendum Attachment 1
Table Al for details). P-values comparing each active treatment versus placebo are obtained
from a MMEM analysis that includes the main effects for treatment, day, and the treatment-by-
day interaction with the baseline value as a covariate. P-values for the treatment-by-day
interaction were 0.2047 (overall), 0.1165 (doxepin 3 mg versus placebo), and 0.1677 (doxepimn
6 mg versus placebo).

The corresponding MMRM analysis of sTST by study day is presented in Table 7.

Table 7 Post-Hoc MM RM analysis of STST by Study Day

Doxepin 3 mg Doxepin 6 mg
LS Mean p-value LS Mean p-value
Difference from Difference from
Timepoint Placebo (Std. Em) Placebo (5td. Em)
Overall 11.4 (5.97) 0.0570 17.2 (5.95) 0.0042
By Day
Day 2 21.6(8.72) 0.0141 219 (8.76) 0.0131
Day 3 78 (787) 0.3249 19.6 (7.90) 0.0140
Day 16 144 (10.36) 0.1671 18.9(10.29) 0.0674
Day 17 0.4 (830) 02577 13.9 (8.29) 0.0941
Day 30 2.3(10.04) 0.8209 9.9 (9.99) 0.3241
Day 31 13.1(10.61) 0.2172 19.0(10.55) 0.0737
Notes: Subjects provided sTST values at each day (see SCE Addendum Attachment 1 Section 6.1 for
an overview of the extent of missing data by study day). Values of sTST =8 hours are
excluded from the analysis (no value met this criterion; see SCE Addendum Attachment 1
Table Al for details). P-values comparing each active treatment versus placebo are obtained
from a MMREM analysis that includes the main effects for treatment, day, and the treatment-by-
day interaction with the baseline value as a covariate. P-values for the treatment-by-day
interaction were 0.8970 (overall), 0.5607 (doxepin 3 mg versus placebo), and 08878 (doxepin
6 mg versus placebo).




4.2. Reviewer’s Comments
Throughout this review this reviewer’s focus is on the 6 mg vs. placebo comparisons
since 3 mg vs. placebo differences were even less consistent over time.

Figure 1 shows the mean subjective WASO by day for the six days at which it was
assessed. Subjects rated their WASO for the previous night so, for example, Day 2
corresponds to Night 1 and so on. Lines were drawn between the within group means at
different days and vertical lines indicate the location of two standard errors from the
group mean. It is noticeable that there is a jump between days 30 and 31 in both groups
which is bigger than between previous consecutive days and in the case of this visit,
unlike the others, both groups’ jumps favor the drug. At day 30 the group means are very
close, whereas, at day 31 they are far apart. A within treatment group test to see whether
the mean sWASO varies by visit (or day) was nominally significant for the placebo group
for the analysis based on the first night of each visit as well as the analysis based on all 6
days (0.0270 and 0.0393, respectively). Corresponding analyses using the 2 night average
as endpoint were not nominally significant, nor were similar tests within the 6 mg group
nominally significant regardless of the times used in the analysis. A test for a difference
between just days 30 and 31 within the placebo group is nominally significant, p=0.0365.
The day 30 6mg vs. placebo treatment difference and the day 31 6 mg vs. placebo are
nominally significantly different, p=0.0107. In order to justify use of the 2-day average as
the endpoint for analysis we would generally expect that the 2 nights have the same mean
but the data suggests that they may not. Regardless of this, the first night of each visit
was prespecified as the timepoint for the primary analysis, i.e., not the 2-day average.



Figure 1 Mean Subj. WASO over Time

851

751

651

557

Subj. Wake After Sleep Onsetimin)

48, L T 6 mg T

Flacebo

35

]
L

Day
Although the sponsor did not include center effects in their MMRM models this reviewer
included them in MMRM analyses since they were included in the corresponding
prespecified ANCOVA model and tests of significance for center effects were
statistically significant. The p-value for the null hypothesis that all center effects are zero
is 0.0066, which suggests that they are not. Note that it doesn’t seem that there are major
differences in the assessment of treatment effect (or treatment by time interaction)
between the MMRM analyses adjusted for center and those not adjusted for center.

Note that days 2, 16, and 30 are the first days of each 2 day visit and the protocol
specified that the analysis was to be based on only the first day of each visit. Neither the
day 16 nor the day 30 treatment difference between 6mg and placebo is nominally
significant (p=0.188 and 0.6119) based on a mixed model (MMRM) analysis of SWASO
over days 2, 16, and 30. Note that these were the original times designated for analysis
but the sponsor focused on the average of paired nights in their most recent submission. If
we average the differences between 6 mg and placebo over days 16 and 30 that estimated
difference, 7.1 with a standard error of 6.1, is not nominally significant, p=0.2456. If we
average over day 2 as well, then we get the average difference between 6mg and placebo
over the whole double blind period (first night of each visit). This estimated difference,
11.3 with a standard error of 4.96, does reach the nominal level, p=0.0243.



Based on an MMRM analysis of the first night (the time selected for analysis in the
protocol) of each visit the estimated treatment difference between 6 mg and placebo at
day 30 is 3.61 (S.E.=7.11), p=0.6119. This model included baseline SWASO as a
covariate, as well as center effects, treatment, visit and treatment by visit interaction
effects. The covariance structure for repeated measurements within the same patient was
specified as unstructured (no presumed time pattern for the correlations and variances).
The MMRM analysis focused on the second night of each visit found a treatment
difference of 22.9 (S.E.=7.13) at day 31, p=0.0016. Another possible way of handling
the two nights of each visit is to average the response over the two nights and use that
average as the response (dependent) variable in the analysis, i.e., the response for a
particular visit is the average of the two nights associated with that visit. Although, as
noted above, one would typically expect that the two nights have the same mean which it
appears may not be the case here. Based on an MMRM analysis of this two night average
data the estimate for the treatment difference at the last visit is 13.46 (S.E.=6.08) which
has a p-value of 0.0278. This difference based on the average of two nights would not be
significant if a Bonferroni adjustment had been specified to permit analyzing the data
from the visits in different ways (e.g., 0=0.025 significance level for looking at first night
and average of two nights or alternatively, 0=0.0167 for looking at first night, second
night, and average of 2 nights). Had a Bonferroni adjustment for looking at the three
different summaries of the data from each visit been prespecified the day 31 result (based
on the MMRM model for the second night of each visit) would be statistically significant
as a result of the 2" night analysis. However, the difference is not significant at Visit 5
after Bonferroni adjustment. This would impact our conclusions for Visit 6 if we tested
the treatment difference at each visit in order of visits starting with Visit 4.

Table 8 Study 501: Unadjusted P-values for Analyses of SWASO (6 mg vs. Placebo)

Analysis Visit 5 Visit 6
Analysis Variable for | (Night 15, | (Night 28,
/Missing SWASO 16) 29)
Data
Handling
MMRM OC | 1* Night 0.1743 0.6119
2" Night | 0.0601 0.0016
Average of | 0.0443 0.0278
2 Nights
ANCOVA 1™ Night 0.2017 0.6282
OoC
2" Night 0.0418 0.0010
Average of | 0.0419 0.0199
2 Nights
ANCOVA 1™ Night 0.1966 0.8690
w/ LOCF
2" Night | 0.0532 0.0008
Average of | 0.0460 0.0221
2 Nights




In addition, there may also be a multiplicity issue associated with the choice of “primary”
subjective maintenance endpoint since the sponsor prespecified sSTST over sWASO but
the minutes of the pre-NDA meeting suggest that the Division seemed to have voiced a
preference for sWASO.

None of the Visit 6 comparisons of 6 mg to placebo are nominally significant for the
sTST except for the LOCF ANCOVA analysis of the 2" night only sTST. However, the
first night of each visit was prespecified as the data to be used for the analysis. If the
Bonferroni method had been prespecified to adjust for the multiplicity of looking at
different combinations of handling the multiple nights of each visit then this p-value
would not be statistically significant either. Thus, it seems that the evidence for a long
term effect on sTST is weak and note that the sponsor prespecified the sTST as the
primary measure of subjective maintenance rather than the sSWASO.

Table 9 Study 501: Unadjusted P-values for Analyses of sTST (6 mg vs. Placebo)

Analysis Visit 5 Visit 6
Analysis Variable for | (Night 15, | (Night 28,
/Missing STST 16) 29)
Data
Handling
MMRM OC | 1* Night 0.0772 0.3847
2" Night 0.1094 0.0681
Average of
> Nights 0.0389 0.1065
st .
égCOVA 1" Night 0.0870 | 0.4706
2" Night 0.1183 0.1131
Average of
> Nights 0.0472 0.1464
ANCOVA 1™ Night
wLOCF 0.0554 0.2523
2" Night 0.0754 0.0380
Average of
2 Nights 0.0428 0.0783

The following analyses of the difference averaged over several visits were not pre-
planned. They are just provided for comparison with the sponsor’s post-hoc analyses of
the difference averaged over the entire double blind period since they may be more
relevant to the difference at the end of double blind treatment. The recommended
approach for assessing this is not averaging over visits, i.e., instead just using the data
from the last visit. The 6mg vs. placebo difference averaged over the first night of visit 5
and visit 6 using MMRM is not significant for sWASO: 7.18 (5.87), p=0.223 or for
sTST: 13.54 (8.66), p= 0.1194. Averaged over the second nights it reaches the nominal
significance level for sWASO: 17.6 (5.76), p=0.003 and sTST: 16.03 (7.58), p=0.0358.
Based on the two night average for each visit the treatment difference on sWASO reaches



nominal significance: 12.49 (4.93) p=0.0122; as does the difference on sTST: 15.16
(7.17), p=0.0358.

Assessment of whether the Treatment Difference varieswith Time (Interaction)

It is common to use a test of interaction between two effects, such as treatment and time,
based on a model including the two effects as well as effects for their interaction to check
for support of a reduced model with the same effects except for the interaction. However,
it is not strictly correct to conclude that a non-significant test for interaction implies a
lack of any interaction. This is because a basic concept of hypothesis testing is that failure
to reject the null hypothesis does not necessarily imply that the null hypothesis is true;
rather, one can only say that there is not enough evidence to reject the null. Therefore,
just because the test for interaction between time and treatment did not suggest
significance at the 0.05 (or 0.010) level it does not allow us to conclude that there is zero
interaction. A noninferiority approach or, actually, an equivalence approach to the
interaction test (because we need to rule out a difference in either direction) seems more
appropriate for the question of interest, namely whether or not the interaction is small
enough to be unimportant. This is because this approach controls the probability of
falsely rejecting the null hypothesis that there is interaction. This is straightforward if we
only consider the treatment differences between two timepoints but becomes more
complicated for more than two timepoints. This is because for more than two timepoints
the margin may depend on some combination of the differences we want to allow at each
of several timepoints. Of course, such an equivalence approach really needs to be planned
in advance with an equivalence tolerance margin but we can informally examine whether
the interaction effects exceed a few reasonable levels. Before we look at equivalence
testing for the interaction we will look at the standard interaction test where the null
hypothesis is that the interaction effects are all zero.

This reviewer found that the p-value for the difference between the day 2 and day 30
treatment differences is 0.0528 (based on only 6mg and placebo data). Adjusting for
center and including all three groups the same difference has a p-value of 0.0487. The
estimated difference between the treatment differences at the two times is 16.30 with a
95% confidence interval of (0.10, 32.50). The 90% confidence interval is 2.72 to 29.87.
That means that we couldn’t rule out a difference of nearly 30 minutes. This would seem
to exceed any reasonable equivalence margin. Also, if visit is entered into the model as
continuous, i.e., we assume the subjective WASO is a linear function of time, then the
test for interaction between treatment and visit is p=0.0524 based on the data from days
2, 16, and 30. It seems inappropriate to make an inference about the effect at a particular
time by averaging over all times unless one knows for sure that the effect is the same at
all times (and times between them).

The p-value for the standard test of interaction between treatment and time (first night of
each visit) on SWASO excluding the 3mg group is 0.1414. If we include all days for each
visit, for a total of 6 days, the p-value for the test of interaction between treatment and
time on SWASO is 0.2692. However, this reviewer found that the simulated power to
detect an interaction at a significance level of 0.05 between treatment and time, assuming
the observed differences in treatment effect between days 2, 16, and 30 on the subjective



WASO are true, is just 43%. This power assuming the observed model is true is
sometimes called the post-hoc power. For a significance level of 0.10 it is 55% in this
case. Therefore, even if one could conclude that the null hypothesis were true if the
alternative was not rejected, the test for interaction is likely underpowered so it may only
appear that the null hypothesis is true because of the high variability associated with the
small sample size. Based on simulations in order to get 90% power for the interaction test
at the 0.05 significance level with the given sample size and the observed effects we
would need to reject the hypothesis of no interaction whenever p<=0.54. To get 80%
power we would need to reject whenever p<=0.33. In terms of the size of the effect
needed to have 80% power to detect the interaction at the 0.05 significance level we
would need, for example, a difference of 26.2 minutes between the treatment group
differences at visit 5 and visit 6 and the treatment group differences equal at visit 4 and
visit 6 (which also implies a difference of 26.2 between visits 4 and 5). The differences
needed are not unique but follow an equation (see footnote 1) that is quadratic in each of
the two treatment by time interaction parameters: one for the difference in the treatment
effects between visits 4 and 6 and one for the difference between visits 5 and 6. The
estimated number of patients needed to detect an interaction the size of the estimated
interaction effects (-16.1 and -7.1) with 80% power at a 0.05 significance level is 170 per
group which is a little more than twice the size of study 501. At the 0.10 significance
level for the interaction test 125 patients would be needed per group which is still 60%
more than the size of the study. For the two-night-average endpoint data the variability is
a little smaller so the effects necessary for 80% power are a little smaller, for example, a
difference of 17.1 between the treatment group differences at visit 5 and visit 6 and the
treatment group differences equal at visit 4 and visit 6. The post-hoc power for the
interaction would be based on the estimated interaction parameters: -4.5 and 1.9 which
are much smaller than 17.1. Therefore, the post-hoc power of 16% for a 0.05 significance
level and 31% for a 0.10 significance level is much less than 80%. Clearly, this test of the
interaction is evaluated post-hoc and the study was not adequately powered to give a fair
assessment of it’s significance.

Another remaining question is did the design have enough coverage of the 30 day range

to detect a non-constant relationship, i.e., we can’t necessarily assume that the treatment

difference is constant at all times in between scheduled assessment times. If it is not then
it wouldn’t make much sense to average over the three assessments to estimate the effect
at the end, whether or not the effect is constant at these three times.

Equivalence Testing for the Treatment by Time Interaction Effects

The F test statistic that the sponsor used to evaluate the null hypothesis that all interaction
terms are zero can be used for an equivalence test as well. Under a non-equivalence null
hypothesis at least one of the interaction terms is greater than, e.g., 10 minutes and the F
statistic has a non-central F distribution. We can determine the non-centrality parameter
from the theory for mixed models'. We can implement this in the current situation if we
assume that the observed parameter estimates are true for all parameter estimates other

' The noncentrality parameter takes the form "k (k' [X" R"'X ]'k)" k" p where k is the contrast associated
with the F test for interaction, [ is the parameter vector for the fixed model, X is the design matrix, and R is
the covariance matrix for the dependent variable.



than the interaction effects and we assume the interaction effect parameters are those
associated with the null hypothesis (closest to the alternative hypothesis). If we then
compare the observed F statistic to the non-central F distribution, which holds under the
null hypothesis, we can perform the equivalence test. In particular, if the interaction terms
are all zero then the observed F statistic will tend to be smaller than what would be
observed if the interaction terms are not all zero. The idea is most easily illustrated for an
ANOVA model including terms for treatment, visit, and treatment by visit interaction
effects. In this case under the null hypothesis the expected value of the numerator of the F
statistic is the sum of two terms, a term based on the error variance and a term
proportional to the sum of the squared interaction parameters. The expected value of the
denominator is the same as the first term in the numerator. Therefore, because the second
term is always non-negative the F statistic will tend to be bigger when the null hypothesis
of non-equivalence is true than when it is not. The F statistic has this same property under
the more complicated mixed model for repeated measures. So, if the observed F is less
than the 0.05 percentile of the noncentral F distribution then we can reject the null
hypothesis that at least one interaction term is greater than 10. Applying this method to
the study 501 subjective WASO data from the first night of each visit yields a p-value of
0.6092, i.e., we can not reject the null hypothesis that at least one of the interaction terms
is greater than or equal to 10. A similar result was also obtained using a different test
based on the maximum of two correlated MMRM model based t-statistics: the first
associated with the difference between the treatment effects at days 2 and 16, and the
other associated with the difference between treatment effects at days 2 and 30.

A difference of 10 minutes seems important considering that it is about 50% of the
estimated treatment difference observed for Night 1 (Day 2). The noncentral F statistic
was used to evaluate the Treatment by Time Interaction effects for various analysis
timepoints. The results are shown in Table 10.

Table 10 Study 501: Equivalence Test for Treatment by Time Interaction Effects

Analysis Timepoints | Margin p-value*

for SWASO

First Night 10 0.6092
15 0.3663
20 0.1617

Second Night 10 0.2502
15 0.0797
20 0.0147

Average over 2 nights | 10 0.1073
15 0.0157
20 0.0010

All 6 Days 10 0.2684
15 0.0676
20 0.0080

*If p for non-central F statistic <0.05 then can conclude interaction effects are smaller
than margin otherwise cannot



5. Study 503
5.1. Subjective WASO and Subjective TST

Study 503 included Doxepin 1 and 3 mg groups, as well as placebo, and it was conducted
in the elderly.

The sponsor states that the test for interaction between treatment and visit on the SWASO
yielded a p-value of 0.6254 (3mg vs. placebo) so they claim that the treatment effect does
not vary significantly across visits and they present an overall average treatment
difference. However, failing to reject the null hypothesis that all interaction terms are
zero may just mean there is insufficient evidence to reject the null due to a lack of power.
In order to claim that all interaction effects are small enough to be unimportant we would
need to use an equivalence testing approach on the interaction terms. If we use the null
hypothesis that at least one of them is as large as 10 minutes, then, using the same
method as used above for study 501, we get p=0.2147. If we use the null hypothesis that
at least one of them is as large as 15 then p=0.1124. Thus, it seems that contrary to the
sponsor’s conclusion of no interaction the visit specific treatment effects may vary by as
much as 15 minutes. Therefore, we need to include the treatment by visit interaction in
the model in order to reliably estimate the treatment effect at each visit.

Based on a mixed model for repeated measures the treatment difference between 3 mg
and placebo on sSWASO was not nominally significant at day 58 (8.7, p=0.3111), day 30
(19.0, p=0.0512), or day 16 (16.8, p=0.0784) but was at day 86 (24.1, p=0.0141) and day
2 (21.2, p=0.0269). This model included effects for baseline SWASO, center, treatment,
visit, and treatment by visit interaction and assumed a general structure for the within
patient covariance of the repeated measurements. The 3mg placebo difference averaged
over the last two visits had a p-value of 0.0503 (15.9 [S.E.=8.1]). This did reach nominal
significance if averaged over the last 3 or 4 visits (p=0.0201 and 0.0136, respectively).
These analyses of the difference averaged over several visits were not pre-planned. They
are just provided for comparison with the sponsor’s post-hoc analyses of the difference
averaged over the entire double blind period (p<=0.01 [Table 1]) since they may be more
relevant to the difference at the end of double blind treatment. The recommended
approach for assessing this is not averaging over visits, i.e., instead just using the data
from the last visit. The only difference between the results based on ANCOVA and
MMRM is in the nominal significance of the treatment difference at day 2. The
prespecified ANCOVA model found an insignificant treatment difference there (19.2
[S.E.=10.0], p=0.0561 OC). Under a closed testing procedure multiplicity adjustment for
testing multiple times testing would have to stop after day 2 for the MMRM analyses
because of the insignificant result at day 16.

The MMRM results for sTST were p=0.0329 for day 86, p=0.3618 for day 58, p=0.0397
for day 30, p=0.3558 for day 16, and 0.0457 for day 2. The 3mg placebo difference
averaged over the last two visits had a p-value of 0.0750 (16.2 [S.E.=7.6]). This did reach
nominal significance if averaged over the last 3 or 4 visits (p=0.0295 and 0.0332,
respectively). The sponsor’s result for 3mg vs. placebo over the entire treatment period
was p<=0.05 (Table 2). For the original ANCOVA OC analyses of sTST the 3 mg vs.



placebo difference on the subjective total sleep time, which the sponsor prefers over
subjective WASO and which they specified as key secondary, was not significant at day
86 (19.7 [S.E.=11.0], p=0.0752), day 58, 16, or day 2 (19.0 [S.E.=11.0], p=0.0865).
Based on LOCF imputation the ANCOVA analysis of 3 mg vs. placebo at day 86 yielded
an estimated difference of 22.5 (10.4 S.E.), p=0.0310 but in Insomnia where first night
drug effects are usually expected LOCF can be misleading about the duration of effect.
Even if one accepts the LOCF result for day 86, there is still the inconsistency of day 58
and day 16. Therefore, study 503 doesn’t provide much evidence of a persistent
statistically significant effect of 3mg Doxepin as compared to placebo on subjective
maintenance.

Sponsor’s Assessment of VRS subjective Total Sleep Time data

A separate, more extensive assessment of sTST was done by an interactive voice response
system but this was not implemented until the study was already underway. The self-rated
IVRS for sTST in Study SP-0503 (elderly study) provided additional support for subjective
sleep maintenance. Because IVRS data were not available for all subjects (Statistical
Methods — Phase 3 Chronic Insomnia Studies), analyses were conducted two ways: using
observed data only and imputing missing baseline values using the overall population mean
at baseline. Analyses using observed data only showed statistically significant increases in
mean sTST for doxepin 3 mg versus placebo at all weeks other than Week 2 (p=0.0590),
Week 7 (p=0.0513), and Week 9 (p=0.3723). For analyses where missing baseline values
were imputed (n=31 subjects) using the overall mean value at baseline, there were
statistically significant increases in mean sTST for doxepin 3 mg versus placebo at all weeks
other than Week 9 (p=0.4525). Notably, although not all subjects in the study had data
available from the IVRS (49 subjects were randomized prior to the IVRS activation; an
additional 31 subjects who were activated into the IVRS are missing baseline values), the two
analyses are consistent with each other and the treatment effect is consistent for doxepin 3
mg versus placebo across the entire duration of the study with the exception of one week
(Week 9) where the p-value comparing doxepin versus placebo is 0.37 for the observed data
and 0.46 for the imputed data.

Reviewer’s Commentson | VRS subjective TST data

A significant imbalance in the efficacy measure at baseline (p=0.0314 here) is a serious
issue which may undermine any post-baseline comparisons. If the groups were not
equivalent at baseline then any observed post-baseline treatment group difference may be
due to the baseline imbalance rather than the treatment. The 3 mg group had a higher
mean STST than placebo at baseline: 313 vs. 276 (medians: 330 vs. 300). Ignoring that
for the moment, observed data still did not demonstrate a persistent nominally significant
treatment difference. The difference between 3mg and placebo was nominally significant
at weeks 1, 3,4, 5, 6, 8,10, 11, and 12 but was not at week 2, 7, or 9. In another analysis
the sponsor imputed missing baseline scores with the overall mean baseline score. This
tends to artificially make the groups more alike even though on the basis of the observed
baseline scores they were significantly different. Eighty two subjects were randomized to
3 mg and 81 were randomized to placebo. Forty nine subjects (16 from 3 mg, 14 from 1
mg, and 19 placebo) have missing data because they were randomized prior to the IVRS



activation. Thirty one additional randomized subjects (11 from 3mg, 10 from 1 mg, and
10 placebo) had a missing baseline IVRS sTST score even though they were randomized
after IVRS activation. Thus, 34% of randomized patients have no baseline IVRS STS
score available. The observed case analysis is not strictly a randomized comparison, nor
is the post-imputed baseline analysis because there are still 49 pre-IVRS randomized
patients excluded. The overall mean baseline score may be different if the baseline score
were known for all randomized subjects so the result based on the imputed baseline
would change as well. The quality of this IVRS data seems to be substandard and it is on
an endpoint that was not designated as a key secondary or even a secondary so it is
difficult to assign multiplicity adjusted p-values to these analyses. Therefore, it seems
difficult to consider these IVRS data as providing much in the way of support of a
subjective maintenance claim. Also, because this was a study in the elderly it does not
directly address subjective maintenance for non-elderly adults where the evidence is most
lacking.
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1 EXECUTIVE SUMMARY

1.1 Conclusions and Recommendations

The clinical efficacy studies in this application seem to support an effect of the drug on sleep
maintenance as measured by the Wake Time after Sleep Onset. However, there were no
consistent effects of the drug on Latency to Persistent Sleep; no statistically significant
differences between Doxepin and placebo in terms of LPS were observed beyond night 1 in eg)l(}i)
study.

1.2 Brief Overview of Clinical Studies

All investigators in the sponsor-identified key efficacy studies were based in the United States.
Studies 401 and 402 were phase 2, 4 period, 4 treatment crossover studies. Efficacy measures
were recorded during 2 nights in each period. For analysis purposes, the measures were averaged
over the 2 nights in each period. The phase 3 studies: 501, 502, 503, and 509 were double blind,
randomized, multi-center, placebo controlled, parallel group studies. Studies 501, 503, and 509
are the key efficacy studies for the chronic insomnia population. Study 501 compared 6 mg and 3
mg doses to placebo in non-elderly adults. Objective and Subjective efficacy measures were
recorded for nights 1, 2, 15, 16, 29, and 30. For the analysis the sponsor chose to focus on nights
1, 15, and 29, i.e., the first night at each of the three visits rather than the second night or the
average of the first and second nights at each visit. Study 503 compared 3 mg and 1 mg doses to
placebo in an elderly population. Objective and Subjective efficacy measures were recorded on
nights 1, 15, 29, 57, and 85. Study 509 compared 6 mg and placebo in an elderly population.
Subjective efficacy measures were recorded nightly for 28 days. For analysis purposes weeks 1
through 4 were examined by averaging measures within the same week over the week for each
patient. Some key characteristics of the studies are presented in Table 1.



Table 1 Overview of Clinical Studies

Study Groups (N) Primary Endpoint Dropout % Duration
401 4 period Crossover | WTDS, night 1,2 1.4 4 periods 2 days on,
N=67 P,1,3,6 mg avg 5-12 off trt
402(Elderly) 4 period Crossover | WTDS, night 1,2 4 4 periods 2 days on,
N=76 P,1,3,6 mg avg 5-12 off trt
501 P (76), 3mg (77), WASO, night 1 12,12, 11 35 nights
6mg(76)
502 (Transient P (282), 6mg(283) LPS, night 1 0,0 1 night, 1 day
Insomnia)
503 (Elderly) P(81), Img (77), WASO, Night 1 14, 9,10 85 nights
3mg(82)
509 P(125), 6mg(130) Subj TST, week 1 10, 5 28
(Elderly/Subjective
measures only)

WTDS=Wake time during sleep; WASO=Wake time after sleep onset; LPS=Latency to Persistent Sleep; TST=Total
Sleep Time

1.3 Statistical Issuesand Findings

The sponsor’s prespecified analysis plans for dealing with type I error issues associated with
multiple endpoints and multiple timepoints often differed from the approach preferred by the
FDA Neurology division and recommended to the sponsor in the pre-NDA meeting. The division
recommended testing the objective WASO, followed by the subjective WASO, the objective
LPS, and finally the subjective LSO. In addition for each efficacy measure they recommended
starting at the latest time and working backwards to the first time until an insignificant result was
observed. When there were multiple doses in a study this procedure would start with the high
dose first. The results of this procedure can be determined from Table 2. In study 501 the 6 mg
group was significantly improved compared to placebo in terms of the objective WASO at each
visit (1% of two nights). However, the 6 mg group was not statistically significantly better than
the placebo group in terms of the subjective WASO at night 29 (1*' night of the last visit).
Therefore, in order to control the experiment wise type I error at 0.05 level testing must stop with
this test, i.e., the results on the LPS and sLSO endpoints, as well as the results for Img vs.
placebo comparisons, can only be considered exploratory. This reviewer found that if the
sponsor had chosen to perform the comparison on the ond night of each visit or the average of
nights 1 and 2 instead of on the first night only then the 6 mg group would have won at each time
in terms of the subjective WASO. However, the choice of which night’s data to base the
hypothesis on introduces another layer of multiplicity if we consider something different than the
sponsor prespecified. Even if they had chosen differently we see that they would not have won
on the LPS because the 6mg vs. placebo difference was not significant at night 29. In fact, there
is no evidence from any of the studies that there is a statistically significant effect on latency to
persistent sleep beyond night 1.



Table 2 Summary of Key Analysis p-values by Study

Study Endpoint | Dose P-Values as Compared to Placebo
Group Night 85 Night 57 Night 29 Night 15 Night 1
401(Phase 2 WASO 6 <0.0001
Crossover) LPS 6 0.0397
402 (Phase2 | WASO 6 <0.0001
Crossover/ LPS 6 0.1063
Elderly)
WASO 6 0.0007 0.0011 <0.0001
3 0.0173 0.0025 <0.0001
SWASO 6 0.6282 0.2016 0.0004
3 0.6483 0.1512 0.0003
LPS 6 0.8643 0.5921 0.0009
3 0.7995* 0.2271* 0.0058
sLSO 6 0.6511* 0.1451 0.0492
3 0.2365* 0.9071* 0.1259
502 WASO 6 <.0001
(Transient sWASO 6 0.0063
Insomnia) LPS 6 <0.0001
LSO 6 <0.0001
503 (Elderly) | WASO 3 <.0001 0.0029 0.0005 0.0069 <0.0001
1 0.0330 0.1662 0.0878 0.1945 0.0053
sWASO 3 0.0153 0.5627 0.0296 0.0729 0.0561
1 0.0037 0.7417 0.0531 0.8571 0.8497
LPS 3 0.0286* 0.0522* 0.5422* 0.8388 0.1079
1 0.6493 0.1870* 0.1268* 0.8046 0.5733*
sLSO 3 0.8479 0.9931 0.6544* 0.916 0.0860
1 0.2826 0.9631* 0.1798* 0.3567* 0.2304*
509 (Elderly/ | sWASO 6 0.0026 0.0016 0.0145 <0.0001
Subjective (Week 4) (Week 3) (Week 2) (Week 1)
Only) sLSO 6 0.6629 0.4635 0.4884* 0.1547
(Week 4) (Week 3) (Week 2) (Week 1)

Note: The empty cells reflect the different lengths of study. In studies 401 and 402 the night 1 results are actually the
results for the average of nights 1 and 2 as pre-specified by the sponsor in the analysis plan. For study 509 which
analyzed weeks instead of individual nights the time corresponding to the analysis is displayed in the cell.

* numerically favors placebo

For study 501, the sponsor did not consider nights after the first night to be key hypotheses, i.e.,
to include them in the set of hypotheses which would have the chance of a single type I error,
over all hypotheses in it, protected at 0.05. The sponsor named key secondary endpoints but did
not state unambiguously that they were to be tested in order until an insignificant result was
obtained.

For study 503 the sponsor specified a clear hierarchy for testing. The subjective Total Sleep
Time (sTST) over night 1 was the next endpoint after the objective WASO had been tested at




each Visit. Because the comparison between 3 mg and placebo on the sSTST over Night 1 was not
significant (p=0.0865) no claims can be made on the lower endpoints in the hierarchy (LPS and
Sleep Efficiency). Note that the 3mg vs. placebo comparison of LPS on night 1 was not
significant (p=0.1079) either, which is even more reason that no claims of an effect on Sleep
Efficiency are possible.

In summary, study 501 in non-elderly adults provides some evidence for the superior efficacy of
the 6 mg dose compared to placebo for sleep maintenance as measured by objective WASO. The
differences between 6 mg and placebo in terms of subjective WASO were not consistently
significant. They were not significant at the sponsor’s prespecified key timepoints, first night of
each visit, but they were nominally significant at the second night of each visit as well as for the
average of the two nights at each visit. Although, the 3 mg dose was also nominally significantly
better compared to placebo for sleep maintenance as measured by objective WASO the
multiplicity adjustment requires us to consider these results as exploratory because of the
insignificant LPS results for the 6 mg dose that were before all 3 mg comparisons in the testing
hierarchy. However, study 503 in elderly patients provides some evidence of efficacy of the 3
mg dose compared to placebo for sleep maintenance as measured by objective WASO. The 1 mg
dose in study 503 has the same problem as the 3 mg dose in study 501, i.e., it is below some
insignificant 3 mg comparisons in the testing hierarchy. In addition, the differences between 1
mg and placebo in terms of objective WASO at intermediate times between night 1 and night 85
were not nominally significant. Study 509 in the elderly only included subjective measures. The
sponsor actually specified the Total Sleep Time as the primary measure in study 509 but if we
believe the WASO to be a better measure we can also examine it because the Total Sleep Time
results were statistically significant in favor of the Doxepin 6 mg group. The subjective WASO
results were also positive. Therefore, study 509 provides some evidence of the superior efficacy
of 6 mg over placebo for sleep maintenance as measured by the subjective Total Sleep Time or
subjective WASO. Based on these considerations, overall, it seems that there may be sufficient
evidence to support the efficacy of the 3 and 6 mg doses for sleep maintenance.

2 INTRODUCTION
2.1 Overview

The IND number for the development of this drug is 67,162.

Five polysomnography (PSG) studies collected efficacy data using 8-hour PSG recordings
(objective data) and a morning sleep questionnaire (subjective data) completed by subjects in the
sleep laboratory (SP-0401, SP-0402, SP-0501, SP-0503, and SP-0502). Additionally, SP-0503
collected subjective data at home via an Interactive Voice Response System (IVRS). Study SP-
0509 was conducted in an outpatient setting and collected only subjective data via an [IVRS.

The five studies conducted in either adult or elderly subjects with chronic insomnia were
designed primarily to evaluate the effects of doxepin on improving sleep maintenance, whereas
the transient insomnia study, SP-0502, was designed primarily to assess sleep onset. The
majority of subjects enrolled in these studies were female, consistent with the demographics of
the chronic insomnia population.

The 4-period crossover, in-patient, PSG Phase 2 studies, SP-0401 (adults) and SP-0402



(elderly), were identical in study design and examined doxepin 1 mg, 3 mg, and 6 mg doses, as
well as placebo.

PSG study, SP-0502, was conducted in healthy adult subjects with transient insomnia. This was
the only study designed primarily to detect a difference in sleep onset between doxepin and
placebo. This study assessed the efficacy of doxepin 6 mg relative to placebo. A laboratory
adaptation model (i.e., first night effect) combined with a 3-hour phase advance (early bedtime, 3
hours before usual bedtime) was implemented to induce transient insomnia.

Relevant Meeting Minutes

Excerpts from the 05/31/06 Pre-NDA M eeting Minutes:

The sponsor was advised to present data from the objective studies that would include
hour-by-hour calculations of 1) total wake time (TWT); and 2) number of awakenings
after sleep onset (NAASO) at each of the visits where assessed.

There was considerable discussion about the statistical analysis of the primary and secondary
endpoint data. In terms of the Statistical Analysis Plan (SAP), the Division advised the sponsor
to perform a sequential analysis demonstrating effect for both primary and secondary endpoints,
with subjective and objective measures for sleep latency and sleep maintenance, by dose, at
Week 1 and at end of treatment. Such a sequential analysis would require ranking of the
endpoints, such that the sequential analysis would end when one of the endpoints failed to reach
statistical significance. The objective endpoints must be considered prior to the analysis of the
subjective endpoints, e.g., the hierarchy would analyze Objective WASO, Objective LPS
followed by Subjective WASO, Subjective LPS.

We remind you that our statistical analyses will consider persistence of effect on sleep initiation
and/or sleep maintenance as a key secondary outcome in your objective studies.

Action Items:
The sponsor will design the clinical study to include an outcome measure of the subject's overall
assessment of whether the drug works (i.e., an effect on sleep initiation and/or maintenance).

The sponsor will revise the primary analysis on the primary and secondary endpoints to specify a
rank-ordered analysis that will proceed until one of the endpoints fails to reach statistical
significance.

2.2 Data Sources

At the time of review the data from the clinical trials were located in the following directory:
\\edsesub \EVSPROD\NDA022036\0000\m5\datasets

The sponsor’s study reports were located in the following directory:

\\cdsesubI\EV SPROD\NDA 022036\0000\m5\53-clin-stud-r ep\535-r ep-effic-saf ety-stud\tr eatment-of-
insomnia\5351-stud-r ep-contr
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3 STATISTICAL EVALUATION

3.1 Evaluation of Efficacy

3.1.1 Study 401

The first subject was enrolled on 27 July 2004 and the last subject completed on 29 September
2004. The study was conducted in eleven study centers located in the United States.

This was a Phase II, randomized, multi-center, double-blind, placebo-controlled, four period
crossover, dose-response study. This study was to assess the effects of three doses of doxepin
HCI, 1 mg, 3mg, and 6mg, and placebo (each administered for two consecutive nights) in
patients (aged 18-64) with primary sleep maintenance insomnia. Patients were to be screened and
asked to complete a sleep diary for seven days before the Screening Polysomnography (PSG)
Period. During the Screening PSG Period, patients were to receive two consecutive nights of
single-blind placebo, followed by eight hours of nightly PSG recording in a sleep center. Patients
were to be allowed to leave the sleep center during the day. A 5- or 12- day drug free interval
was to separate the Screening PSG Period from randomization and double blind treatment.
Patients were to be randomized to a treatment sequence using a Latin square design. Patients
were to receive one of four treatments (doxepin HCI 1 mg, 3 mg, 6 mg or placebo) in each of
four Treatment Periods using a crossover study design. Each Treatment Period was to be
separated by a 5- or 12-day drug-free interval.

The primary efficacy variable is wake time during sleep (WTDS), as determined by PSG
assessment. The secondary efficacy variables include wake after sleep onset (WASO), sleep
efficiency (SE), total sleep time (TST), latency to persistent sleep (LPS) number of awakenings
after sleep onset (NAASO), wake time after sleep (WTAS), and sleep architecture.

EFFICACY ANALYSES
The primary efficacy analysis was to be based on the per-protocol analysis set. Secondary
analyses were also to be performed on the ITT analysis set.

Multiplicity Adjustments

For the primary efficacy analysis of WTDS, each of the 3 pairwise comparisons of
doxepin HCI treatments to placebo was to be performed using Dunnett’s test. No other
adjustments were to be made.

Primary Efficacy Analyses

The primary efficacy variable is WTDS. Measures taken from Nights 1 and 2 from the

same Treatment Period were to be averaged for analysis. Differences among treatments were to
be analyzed using a repeated-measures analysis of variance (ANOVA) model with terms for
sequence, patient within sequence, treatment, and period using SAS PROC MIXED. The
covariance among the repeated measures was to be modeled separately as unstructured (UN),
compound symmetric (CS), and autoregressive (AR(1)). The covariance structure corresponding
to the model with the smallest AIC was to be selected for use. A random statement for patient
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within sequence was to be included for the AR(1) structure. Pairwise comparisons of each active
treatment versus placebo were to be performed using Dunnett’s test.

Each endpoint (e.g., the mean value for the two nightly PSG measurements) was to be calculated
based on the available data point(s). If both measurements are missing, the value was to be
treated as missing, and this missing value was not to be imputed.

All secondary efficacy parameters were to be analyzed using the analysis of variance (ANOVA)
model described for WTDS. LPS, latency to REM sleep, and LSO, which are expected to be log-
normally distributed, were to be logged prior to analysis. Logging was to be performed prior to
averaging values from Nights 1 and 2. Any zero values were to be set to one epoch to permit

logging.

3.1.1.1 Sponsor’s Results

Eleven investigational sites were initiated and enrolled patients in the study. Study enrollment by
center ranged from 2 to 11 patients. Of the 67 patients enrolled, 16 patients were randomized to
the 6,P,1,3 treatment sequence, 18 patients were randomized to the P,6,3,1 treatment sequence,
17 patients were randomized to the 3,1,P,6 treatment sequence, and 16 patients were randomized
to the 1,3,6,P treatment sequence (1=1 mg doxepin, 3=3 mg doxepin, 6=6 mg doxepin, and
P=placebo).

Efficacy analyses were conducted on both the PP and ITT analysis sets. Of the 67 randomized
patients, 67 (100%) were included in the ITT and 61 (91%) were included in the PP analysis set.
The number of patients randomized to each treatment sequence was similar in each analysis set.

Overall, the mean age was 42.4 years and ranged from 21 to 63 years. Seventy percent of the
patients were female. Forty-five percent of the patients were White, 31% were Black or African-
American, and 22% were Hispanic. Baseline sleep characteristics were similar across treatment
sequence assignments.

Four patients (6%) were excluded from the PP analysis set because they did not meet the WTDS
entry criteria. One patient (1%) was excluded from the PP analysis set for not completing all
Treatment Periods (02-022, terminated after Treatment Period 1, Night 1), and one additional
patient (1%) was excluded due to protocol non-compliance (06-014, excessive napping during
Treatment Period 1, Night 2, missed Treatment Period 2, Night 2 due to prohibited medication,
and positive urine drug screen at Treatment Period 4, Night 1).

Table 3 presents the sponsor’s results for the prespecified primary analysis of the primary

endpoint, Wake time during sleep. The sponsor had specified the per-protocol population as the
primary analysis population.
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Table 3 Study 401: Analyses of Wake Time During Sleep

Analysis SetParameter | Flacebo | Dozepin 1 mg | Doxepin 3 mg | Doxepin § mg
Per-Protocal (N=61)
WTDS (paimstes)"!
N &1 61 il &1
Mean (51N} 5194225 (43201821 334020187 3632507
Median 188 18.0 17.0 185
Min. Max 53,2438 [5.0.1428 45,1115 33,1523
PVale! 0.1273 =0.0001 0.0002
Intent-to-freat (N=47T)
WTDS (pumstes)'
N [ i [ &7
Mean (3I0) 15 (4007) 42801748 3400187 35847
Median 104 178 179 1835
Min. Max 63,2438 [5.0,1428 45,1115 33,1523
P-Vale! 0.0918 =0.0001 <0.0001

[2]: Muzreramants takan from Might 1 and Mighe X oo evaraged. £ ons of tha nighes kad a
missing vahue, the zoe-miseng valu wes mead
[2]: Peralue comparing sach acths eatnent wursns placebos nsing Drommet's fesi.

Although the sponsor specified WTDS as the primary efficacy measure the Neurology division
usually recommends the WASO endpoint, which the sponsor did also measure in the study (Table
4). The sponsor found that WASO was significantly reduced at the doxepin 1 mg (p=0.0130), 3
mg (p<0.0001) and 6 mg (p<0.0001) dose levels compared with placebo. The mean WASO
values in the PP analysis set were 62.1 minutes, 47.3 minutes, 38.6 minutes, and 38.8 minutes for
the placebo, doxepin 1 mg, 3 mg and 6 mg dose levels, respectively.

Table 4 Study 401: Analyses of Wake Time After Sleep Onset

Analysis Set! Parameter Placebo Dozepin 1 mg | Deoxepin 3 mg | Dozepin § me
Per-Protocol (N=41)
WASD (mimyes)[1]

N 51 51 51 51

Mean (3TN 51104723 [#73 03085 [acesm [3msoe0m
Median 4710 413 115 115

Min Maz 59,2608 |50.1558 50,1143 13,1523
P-Value[2] 0.0130 -0.0001 =0.0001

Intent-to-treat (N=47T)
WASD (mimyes)[1]

N [ 54 i &7

Mzan (3L G101 (4378 (46703000 189 (1828 18.1 (25.16)
Medizn 473 389 XN} 315

Min, Max 6.8, 2588 5.0,155.8 6.0, 1143 1.3, 1525
P-Valna[2] 0.0080 <0.0001 <10.0001

[1]: Maasmramezss f2kan from Nigh Tigkt 2 wrars zvaraged. If one of e nighes had a

mmissizg valua, the moe
[2]: Pevalue comparing sack

Active Terimant varsos placebo nsing Dunnedt's tee.

LPS data were log-transformed prior to analysis. LPS was not significantly different for any dose
level of doxepin (Section 15.2, Tables 11.1 and 11.2); however, LPS was numerically reduced in
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all three doxepin dose levels compared with placebo, most notably at the 1 and 6 mg dose levels.
The pattern of the LPS results was similar using the ITT analysis set; LPS was not significantly
different for any dose level of doxepin.

Table 5 Study 401: Analyses of Latency to Persistent Sleep

Amnalyus Set’ Parameter | Placebe | Dozepin 1 mg | Dozepin 3 mg | Dozepin 6 mg
Per-Protocol (N=61)

LPS (muiutes) !
N il 51 &1 6l
Mean (5D 34302227 300222 (308 (21.23) 1Talean
Median 318 3.0 05 140
Iviim, Max 35,1048 1.3, 850 13,918 10,873
P-Walul! 0.1835 02783 0.0481
Intent-to-treat (N=67)
LPS (muirutes) !
N [i4] 54 55 a7
Mean (5D} 33.0(22.02) |XWE2LTN 30102000 131944
Median 18.9 e 7.1 nE
Ivim, Max 3.5, 1048 1.3, 85.0 13,813 10,873
PVl 01783 0.3819 0.1001
(1]: Mezsureenants taken fom Might | and Wight 2 were rveraged I ome of the nights kad 2
miesing vahne, the non-missi=g value was usad.

[2): P-vzlus compan=g sach acthve treatnant wemees placehs wemg Du=sgtt's tast. Data amrs
log-emsformad price to analysis.

Analysis of Subjective Efficacy Measures

Subjective WASO (sWASO) was significantly reduced at the doxepin 6 mg dose level (Dunett’s
p=0.0109) compared with placebo in the per-protocol population but it was not significantly
reduced in the ITT population (Dunnett’s p=0.1168).

Subjective Latency to Sleep Onset (sLSO) results were log-transformed prior to analysis.
Subjective LSO was significantly decreased at the doxepin 6 mg dose level (p=0.0437) in the
per-protocol population and (p=0.0244) in the ITT population.

3.1.1.2 Reviewer’'s Comments

This reviewer verified the sponsor’s analyses of objective WASO. Objective WASO on night 2
only, showed the same significance pattern as for the average of nights 1 and 2 (which was
designated as primary), except that the 1 mg vs. placebo comparison was no longer significant
(p=0.6547). Because we will see later in the review that there are more standard randomized
double blind placebo controlled parallel group phase 3 studies that support an effect of Doxepin
6 mg on objective WASO this review of study 401 will focus on the LPS endpoint.

The sponsor presented only the Dunnett’s adjusted p-values for the LPS (and other endpoints)
based on the prespecified Proc Mixed analysis because that adjustment for multiplicity of testing
was specified in the protocol (LPS p=0.1001 for 6 mg vs. placebo). If instead a hierarchical
closed testing procedure starting with the 6 mg vs. placebo comparison had been specified then
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the p value for 6 mg vs. placebo on the LPS endpoint would be 0.0397 (3 mg p=0.1751).
However, the analysis of only the second nights of each period did not reveal a significant
difference between 6 mg and placebo (p=0.4828). A simpler analysis which also provides a way
to check the Proc Mixed results is to a) compute the difference in means between 6 mg and
placebo for each sequence and as well as the associated variance b) average the sequence
specific mean differences and combine the variances to obtain a single Z statistic for testing the
treatment difference over all sequences. This is a test for treatment difference stratified by
sequence. Note that it assumes no carryover as well as no period effects. The unadjusted p-value
which results from this approach for assessing the 6 mg vs. placebo difference in LPS is 0.055.
This is more evidence that the difference between 6 mg and placebo on LPS is not robustly
statistically significant.

This reviewer also noted a statistically significant period effect (p=0.042) for the LPS endpoint,
corresponding to the prespecified analysis which analyzed the average of nights 1 and 2 for each
period. This means that LPS varied significantly by period even if we focus on the data from
only one treatment. In the absence of dropouts and also assuming a lack of a treatment by period
interaction a period effect is not a serious problem because in theory the Latin square design
ensures that each treatment / period combination has the same frequency. However, in the
presence of dropouts or a period by treatment interaction the estimates of treatment differences
may be biased. Note that only 4 of the 24 possible sequences of 4 treatments were utilized in this
study, so a treatment by period interaction can not be ruled out. There were slight differences in
the assignment frequency of each sequence as well, which means each treatment/period
combination does not have exactly the same frequency. This could cause bias, especially if there
is any missing data or a treatment by period interaction. If we just analyze the LPS in the first
period there are no significant treatment group differences for LPS (e.g., 6 mg vs. placebo:
p=0.069; with Dunnett’s adjustment p=0.169).

For Night 1 LPS data only the p-values were: 6 mg p=0.0357 (Dunnett’s adjusted p=0.0911), 3
mg=0.4211. Also, site 11 (N=5) had a bigger treatment group difference for the 6 mg vs.
placebo comparison than any other site and excluding this site leads to a loss of significance of
the overall 6 mg vs. placebo comparison (p=0.1325).

The subjective LSO also had a statistically significant period effect (p=0.042).

The p-values for sLSO in the ITT population were 0.0090, 0.0357, and 0.0815 for 6 mg, 3 mg,
and 1 mg versus placebo, respectively (unadjusted for multiplicity). The Dunnett adjusted p-
values were 0.0244, 0.0905, 0.1944, respectively. If we look at night 2 data only instead of
averaging nights 1 and 2 then the comparisons with placebo for LSO are no longer significant
(e.g., 6 mg p=0.2601). Note that night 1 LSO data showed the same significance pattern as the
average of nights 1 and 2 data.

In summary, the primary endpoint was met but there are shortcomings of the study which make
the latency to persistent sleep results unconvincing. These include a) significant period effect and
b) insignificance after applying the prespecified Dunnett’s multiplicity adjustment and c) there
was no prespecified hierarchy for the secondary endpoints, which include LPS.
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3.1.2 Study 402

Study 402 had the same crossover design and analysis as study 401. The only difference was that
the patient population was age 65 and up.

The first patient was randomized on 19 September 2004 and the end of the study was 03 January
2005. The study was conducted in eleven study centers located in the United States.

3.1.2.1 Patient Disposition and Baseline Demographics

Eleven investigational sites were initiated and enrolled patients in the study. Study enrollment by
center ranged from one to 19 patients. Of the 76 patients enrolled, 18 patients were randomized
to the 6,P,1,3 treatment sequence, 22 patients were randomized to the P,6,3,1 treatment
sequence, 15 patients were randomized to the 3,1,P,6 treatment sequence, and 21 patients were
randomized to the 1,3,6,P treatment sequence (1=1 mg doxepin, 3=3 mg doxepin, 6=6 mg
doxepin, and P=placebo).

Seventy-three patients (96%) completed all required Treatment Periods. One patient
discontinued the study due to an adverse event during Treatment Period 1. Two patients
discontinued the study after Treatment Periods 1 and 2 respectively, due to consent withdrawal.

Overall, the mean age was 71 years and ranged from 64 to 83 years. Sixty-one percent of the
patients were female. Eighty-six percent of the patients were White, 11% were Black or African-
American, and 3% were Hispanic. Baseline sleep characteristics were similar across treatment
sequence assignments. Overall, the mean lights-out time was 22:30, with a range between 21:00
and 24:00. The mean time for patients to fall asleep was 50.2 minutes, with a range between 20
and 120 minutes. The mean total sleep time was 294.5 minutes with a range between 120 and
390 minutes.

3.1.2.2 Sponsor’s Results

WTDS was statistically significantly reduced at the doxepin 1 mg (p=0.0001), 3 mg (p<0.0001),
and 6 mg (p<0.0001) dose levels compared with placebo in the PP analysis set. The mean WTDS
values were 86.0 minutes, 70.1 minutes, 66.4 minutes, and 60.2 minutes for the placebo, doxepin
1 mg, 3 mg and 6 mg dose levels, respectively. The pattern of the WTDS results was similar
using the ITT analysis set; WTDS was statistically significantly reduced at all doxepin dose
levels (p<0.0001).
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Table 6 Study 402: Analyses of Wake Time During Sleep

Apalysis SetParameter | Placebo | Dwzepin 1 mg | Doxepin 3 mg l Doxepin § mg
Per-Protocal (N=T1)
WTDS (mimzes)'
Mezan (3 2603815 701 (3278 | 664 (31.54) 60.2 (28.0)
Madian 873 635 385 588
Mir, Max 263, 16488 118 1050 183, 1670 148,1508
P-Valuel 0.0001 <0.0001 <0.0001
Intent-to-freat (N=T8)
WTDS (mimues)!
N 7 4 73 7
Mzan (30 E3B(3030) ) €R.6(32.4]) | 64303104 BI2EH
Madian 573 6l T8 333
Mic, Max 26.3,164.8 | 1018 1850 118, 1670 105, 1508
P-Valuel® =0.0001 <0001 =<0.0001
[1]: Muzszsemanss 2ken Seo Might | and Might 1 wemw ereraged. 1F ous of the night Ead 2

missing value, the noo-missmg valus was meed
12): Pvalue companzg sxch actve ceement warezs placebo wiing Coomet's test

WASO was statistically significantly reduced at the doxepin 1 mg (p<0.0001), 3 mg (p<0.0001),
and 6 mg (p<0.0001) dose levels compared with placebo in the ITT and PP analysis sets.

Table 7 Study 402: Analyses of Wake Time After Sleep Onset

Analysis Set! Parameter | Placebo | Dozepin 1 mg | Dozepin 3 mg | Dozepin § mz
Per-Protocal (N=T1)
WASD (mimues)!

Mezm (3T 99.0{4027) | 2052397 | TA33A | S520205n
Median 1013 785 530 505
Min, Max 3002063 | 23.52005 | 1831670 | 1501383
P-Value® =0.0001 10,0001 10,0001

Iutent-to-freat (N=T6)

WASO (mimetes)"

N 7 4 75 74
Meam (30 95.0{4L6T) | 3013426 | TOBG43T | 64302084
Median 073 783 §4.0 503
Min Max 3002063 | 2352005 | ILE167.0 | 1201583
P-Waluel?] 10,0001 =0.0001 =0.0001

[2]: Mazsmmamests takan from Night 1 azd Nigks 2 wrara evaraged. If ons of e nighes had a
missi=g valus, the zee- g valne was nsed
[2]: Pevalus comparing sack active mextment varss placbs nsing Thnnest's test.

LPS was not statistically significantly different for any dose level of doxepin (Section 15.2,
Tables 11.1 and 11.2); however, LPS was numerically reduced at the 3 mg and 6 mg dose
levels compared with placebo.
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Table 8 Study 402: Analyses of Latency to Persistent Sleep

Amnalyis Set’ Parameter Placebo | Dozepin 1 mg | Dozepin 3 mg | Doxepin 6 mg
Per-Protacol (N=T1)

LPS (miutes) !
Mean (5D} 27101947 [ 283 (1134 2137 (17.48) 12401428
Median 213 233 203 110
Min, Max 4.8, 106.0 18,1153 23,803 18,743
P-Waluet! 00804 00964 01959

Intent-to-treat (N=T4)

LPS (miputes) !
N 73 T4 75 T4
Mean (5D} 2681828y [ 28.0(21.01) 132 (07.21) 1241404
Median 21.3 31 2000 213
Min, Max 438, 104.0 18,1153 23,803 218,743
PVl 08511 00667 02486

(1]: Meesursmoants taken fon: Might § and Wight 2 were averaged. If one of the mights kad 2

mfizing vahie, the noo-missi=g val was usad.
[2): Pvalue compan=g sach actve treatmant wemes placebs wong De=sgit's test. Deta wwrs
oz~ formed pover to anabysis,

Sponsor’s Analysis of Subjective Efficacy

Subjective WASO (sWASO) was statistically significantly decreased at all doxepin dose levels
(1 mg, p=0.0297; 3 mg, p=0.0144; 6 mg, p=0.0074) compared with placebo.

sTST was statistically significantly increased at all doxepin dose levels (1 mg, p=0.0182; 3

mg, p=0.0005; 6 mg, p<0.0001) compared with placebo.

LSO was statistically significantly decreased at the doxepin 6 mg dose level (p=0.0174), and
numerically decreased at the 1 mg and 3 mg dose levels compared with placebo.

Reviewer’s Comments

The dropouts in this study [1(6%) in the 6/P/1/3 sequence and 2 (13%) in the 3/1/P/6 sequence]
raise questions about the validity of the analysis because of the crossover design. Dropouts in a
crossover study are more likely to lead to biased results than in the standard parallel group
design, for example, if there is a period effect or a treatment by period effect.

This reviewer verified the sponsor’s analyses of objective WASO.

This reviewer also noted a significant period effect p=0.0145 on the subjective WASO.

If we look at all periods but Night 2 data only instead of averaging nights 1 and 2 then the
comparisons with placebo for subjective WASO are no longer significant (e.g., 6 mg p=0.3945).
On the other hand, the night 1 only subjective WASO data were consistent with the results for
the average of nights 1 and 2.

The unadjusted p-value for the 6 mg vs. placebo comparison of objective LPS was not
significant, p=0.1063. The unadjusted p-value for the 6 mg versus placebo comparison of the
subjective LSO is 0.0066 (Dunnett’s adjusted p=0.0181). However, since the objective LPS was
not statistically significant and it is higher in the Division’s preferred testing hierarchy we can
not consider the subjective LSO result as significant after adjusting for multiple endpoints. Note
that the sponsor did not prespecify a testing hierarchy for the secondary endpoints.

18



3.1.3 Study 501

The first subject was enrolled on 01 June 2005 and the last subject completed on 31 December
2005. All investigators in this study were based in the United States.

Objectives.

Primary Objective: To evaluate the sedative-hypnotic efficacy of two dose levels of doxepin HCI
(doxepin) relative to placebo.

Secondary Objectives: (1) To evaluate the efficacy and safety of two dose levels of doxepin
when administered for 35 consecutive nights, and (2) to evaluate the potential for rebound
insomnia and withdrawal effects following discontinuation of doxepin after 35 consecutive
nights of treatment.

This was a randomized, double-blind, placebo-controlled, parallel-group study designed to assess
the efficacy and safety of two dose levels of doxepin, 3 mg and 6 mg, in subjects with primary
insomnia and sleep maintenance difficulties.

Baseline

During Visit 3 (Nights -6 and -5), subjects participated in 2 consecutive nights of 8-hour
continuous PSG recordings in the sleep center. Subjects who remained eligible for study entry
were assigned to one of three treatment groups (placebo, doxepin 3 mg, or doxepin 6 mg)
according to a computer-generated randomization scheme. Subjects continued to take single-
blind placebo for 5 consecutive nights at home (Nights -4 through 0), until the start of double-
blind treatment (Night 1).

Double-blind Treatment Period

During the Double-blind Treatment Period, subjects began 35 consecutive nights of treatment
that included supervised administration of study drug during Visits 4, 5, and 6 at the study center
and self-administration of study drug at home between visits. During each scheduled study visit,
subjects participated in 2 consecutive nights of continuous 8-hour PSG recordings in the sleep
center (Nights 1 and 2; Nights 15 and 16; and Nights 29 and 30). After completing each study
visit, subjects were dispensed double-blind study drug to self-administer at home (Nights 3
through 14; Nights 17 through 28; and Nights 31 through 35).

The primary efficacy variable was WASO on Night 1.

Sample Size Determination

A total of 240 evaluable patients were planned for this study. Using the phase II study results, a
mean difference of 17 minutes between doxepin HCI and placebo and a pooled standard
deviation of 33 minutes provide an estimated standardized effect of 0.515. Results from a
simulation program using Dunnett’s test with an overall alpha level of 5% demonstrate that 80
patients per arm (2 active treatment arms and a control arm) would provide greater than 90%
power to detect a significant difference between at least one of the drug treatment arms and the
control arm. In order to compensate for patients who fail to qualify for the evaluable population,
282 patients were to be randomized.
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Analysis Population

Patients who are randomized to double-blind study medication but who never receive double-
blind study drug will not be included in any analysis set, but will be included in selected
tabulations based on all randomized patients. All efficacy analyses will be performed on the
Intent-to-treat (ITT) analysis set. The ITT analysis set will include all randomized patients who
have a corresponding PSG efficacy assessment of WASO at Visit 4, Night 1. Data will be
analyzed as randomized and based on observed cases.

Primary Analysis

The primary efficacy variable is WASO at Visit 4, Night 1. Hypothesis tests for the comparison
of doxepin HCI at 3 mg and 6 mg to placebo will be analyzed using an analysis of covariance
(ANCOVA) model that includes the main effects for treatment and center with the baseline
WASO as a covariate. Low enrolling centers may be collapsed for analysis purposes, with sites
with fewer than 5 patients being pooled together to form a pseudo-site. Baseline WASO is
defined as the mean of Nights -6 and -5. Pairwise comparisons of each active doxepin HCI
treatment group versus placebo will be performed using Dunnett’s test. The residuals of the
model will be examined to determine whether substantial departures from normality are
apparent, using the Shapiro-Wilk test. If the data are inconsistent with the assumptions of
ANCOVA, sensitivity analyses using an appropriate transformation of the data may be
performed or appropriate non-parametric tests may be used to evaluate the differences among
treatment groups.

Secondary Analyses
Key secondary variables are WASO, WTDS, TST, SE (whole night), and LPS.

Continuous secondary efficacy variables will be analyzed using the same methods used to
compare the WASO values using an ANCOVA model. In addition, data obtained on Night 1 of
Visits 4, 5, and 6 will be averaged and then analyzed using the same methods above for the
following efficacy variables: WASO, WTDS, TST, SE, LPS, NAASO, sWASO, sTST, LSO,
sNAASQO, and sleep quality (obtained from the morning questionnaire).

For endpoints that are measured on the two consecutive PSG nights of Visits 4, 5, and 6, the
analysis of each endpoint will be based on the Night 1 value. However, supplemental analyses
may be performed using the mean of both nights. Supplemental analyses of the key secondary
endpoints (WASO, WTDS, TST, SE, and LPS) will be performed using the mean of both nights
unless noted otherwise.

LPS, latency to REM sleep, latency to stage 2 sleep, and LSO, which are expected to be log-
normally distributed, will be transformed prior to analysis by taking the natural logarithm. The
log-transformation will be performed after averaging values from Nights 1 and 2 if average
values are used. Any values of zero will be set to 0.5 epoch to permit calculation of the log-
transformation.

Multiplicity Adjustments
For the primary efficacy analysis of WASO and analyses of continuous secondary efficacy
endpoints, each of the pairwise comparisons of Doxepin HCI treatments to placebo will be
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performed using Dunnett’s test. For analyses of categorical secondary efficacy endpoints (e.g.,
CGI assessed for therapeutic effect), each treatment group will be compared to the placebo group
using a Bonferroni adjustment. No other adjustments will be made.

Handling Missing Data

For the primary and secondary efficacy analyses, all data will be analyzed using observed values
only; missing data will not be imputed. For the total ISI score, if any of the items contributing to
the ISI is missing, the total score will be missing as well. The extent of missing data will be
assessed during a blinded review of the data, and if appropriate, sensitivity analyses that impute
missing data will be performed. Any methods for imputing missing data will be documented
prior to unblinding.

Pre-NDA meeting

On 06 March 2006 through 09 March 2006, Somaxon reviewed the final blinded data to identify
any remaining data issues that needed to be addressed prior to unblinding the study. The final
statistical analysis plan, dated 24 March 2006, was approved prior to unblinding of any study
data. On 07 April 2006, Somaxon reviewed the unblinded tables, figures, and listings (TFLs) and
identified some formatting changes to the TFLs. Somaxon received the full set of final,
unblinded TFLs on 20 May 2006. On 31 May 2006, Somaxon met with the FDA division of
Neurology Products to discuss the proposed content of the 505 (b) (2) NDA submission of
doxepin I-ICI 1, 3, and 6 mg tablets for the treatment of insomnia. As a result of this pre-NDA
meeting, the FDA requested several changes to the planned efficacy presentations for Somaxon
Protocol SP-0501 (Study SP-0501). Specifically, the FDA requested that results from the
primary and key secondary endpoints be interpreted using a closed system step-down procedure;
furthermore, the FDA commented that pairwise comparisons of each treatment group to placebo
using Dunnett's test was not necessary.

At the pre-NDA meeting, the FDA reviewers requested that Somaxon implement a procedure
that would control for multiple comparisons not only across parameters, but also across
timepoints. Specifically, the reviewers requested that Somaxon present results at Visit 4, Night 1
(the pre-specified primary time for analysis), and also at Visit 6, Night 29 to show duration of
effect over the course of the study. The reviewers noted that Somaxon would need to implement
a method for controlling the overall Type 1 error rate for the multiple analyses; they further
noted that no additional adjustment for multiple comparisons across dose groups was needed.
Somaxon commented at the meeting that the data had already been analyzed according to the
final SAP, and asked for suggestions regarding how to implement such a procedure since
Somaxon had already reviewed the unblinded results.

Additional Analyses Recommended by FDA at pre-NDA meeting
The FDA suggested that Somaxon follow a closed-system step-down procedure for interpreting
the study results. The step-down system specifies a single comparison at each level (specified
below), starting with the comparison of the doxepin 6 mg and placebo groups with respect to the
primary endpoint (WASO at Night 1). If the resulting p-value is <0.05, interpretation of the
statistical significance of the next comparison can be made. The procedure stops once a non-
significant p-value is reached. Somaxon and the FDA agreed that the objective measures of sleep
maintenance and onset would be tested first, followed by subjective measures of sleep
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maintenance and onset. Furthermore, the procedure would entail comparing the doxepin 6 mg
group to the placebo group; comparisons of the doxepin 3 mg group to placebo would follow in
the same order if all comparisons of the doxepin 6 mg group and placebo show statistical
significance. It is important to note that while the accepted measure of objective sleep
maintenance is WASO, subjective total sleep time (sTST) is the preferred measure of subjective
sleep maintenance. Latency to persistence sleep (LPS) is the preferred measure of objective sleep
onset, and latency to sleep onset (LSO) is the preferred measure of subjective sleep onset.

The following list summarizes the order of the comparisons to be made under this

amended analysis plan:

* WASO at Night 1

* WASO at Night 29

* LPS at Night 1

* LPS at Night 29

* sTST at Night 1

* sTST at Night 29

* LSO at Night 1

* LSO at Night 29

Based on these FDA recommendations, all efficacy analyses that were originally

conducted using the ITT population will be re-analyzed using an analysis of covariance
(ANCOVA) model that includes the main effects for treatment and center with the baseline value
as a covariate. Results will be reported for the ITT population only. Sites with fewer than five
patients in the ITT population will be pooled into a pseudo-site for analysis. Pairwise
comparisons of each active doxepin treatment group versus placebo will be performed within the
context of the ANCOV A model; no adjustment for comparing multiple dose groups to the
placebo group will be made.

Eight randomized subjects were not included in the Safety Analysis Set because they did not
receive at least one dose of double-blind study drug. These eight subjects plus one additional
subject (Subject 05-3068 who was randomized to the placebo group but did not have an
evaluable PSG recording on Night 1) were not included in the ITT Analysis Set.

The FDA requested that total wake time (TWT) and number of awakenings after sleep onset
(NAASO) be presented by hour. The following rules will be applied when calculating TWT and
NAASO by hour:

* TWT in the nth hour will be calculated as the (number of wake epochs during the 120 epochs
of the nth hour)/2.

* NAASO in the nth hour will be calculated by first determining the NAASO over the entire
recording. Each awakening will then be assigned to the hour in which the awakening began.
NAASO in the nth hour will be censored (i.e., missing) for hours that precede sleep onset, as
defined by 20 consecutive epochs of sleep. NAASO in the nth hour will be defined to be zero for
hours in which no awakening began. These parameters will be analyzed using the ITT
population, using an ANCOVA model that includes the main effects for treatment and center
with the baseline value as a covariate. Sites with fewer than five patients in the ITT population
will be pooled into a pseudo-site for analysis. Pairwise comparisons of each active doxepin
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treatment group versus placebo will be performed within the context of the ANCOVA model; no
adjustment for multiple comparisons will be made.

3.1.3.1 Patient Disposition

A total of 1,082 subjects were screened for this study. A summary of disposition for all
randomized subjects is provided in Table 9. Of the 229 randomized subjects, 221 subjects (97%)
received double-blind study drug and were included in the Safety Analysis Set. Overall, 203
subjects (89%) completed the study. Of the 26 subjects (11%) who withdrew from the study,
eight subjects (3%) withdrew after randomization but before receiving a single dose of double-
blind study drug, and 18 subjects (8%) withdrew during the double-blind Treatment Period. Six
randomized subjects withdrew from the study due to an AE. Two of these subjects (one in the
placebo group and one in the doxepin 3 mg group) did not receive a dose of double-blind study
drug. The remaining four subjects (one in the doxepin 3 mg group and three in the doxepin 6 mg
group) withdrew from the study during the Double-blind Treatment Period. Subject 06-3223
withdrew due to hypertension that began during the Placebo Lead-in Period, prior to double-
blind treatment. There were no deaths reported during the study or 30 days following
administration of the last dose of study drug.

Table 9 Study 501 Patient Disposition

Dispostion el e Mt
Completed the Study 67 {88%) 68 (B3%) a8 (89%:) 203 (89%)
Withdrew from the Study 2(12%) 9 (12%) B(ll%) 26(11%)
Advwerse Event 1{1%:) 2{3%) 3{4%%) 6{3%)
Protocol Violaton 0 {0%) 1{1%) 0{0%5) 1 (<1%)
Noncompliance 2(3%) (3% 1{3%) 6 (3%)
Consent Withdrawn 3 (4% (3% 0{0%5) 5{2%)
Last o Follow-up 171%) 0 (0%3) 1{1%) 1%
Death 0 (0%5) 0 (0%3) 0(075) 0 (0%5)
Other 2(3%) (3% 1(3%) 6 (3%)
Received Double blind Study Drug’ T3 (06%) 75(07%) T3 (965 221 (5T
Completed Double-blind Treatment Period | 67 (B3%) 6B (BE%) 48 (89%) 203 (89%5)
Withdrew During Double-blind Treatment 6 (B%) T8 5{T%) 18 (8%%)
Period
Adwerse Event 0{0%) 1{1%) 3{4%) 4{2%)
Protocel Vialaton T(0%) 1(1%%) 0{0°5) 1 (<1%)
Noncompliance 2(3%) 2(3%) 1{3%) 6 (3%)
Consent Withdrawn 2(3%) 1{1%) 0{0%5) (1%
Last o Follow-up 1{1%:) 0 {0%%) 0{0%5) 1 (1)
Death T(0%) T 00es) T(0%)
Ovher 101%) 2(3%) 0{0%5) 31
g;::;;ii’:&ﬁ;“ﬂ%ﬁ;” 67 (38%) 68(83%) | eE(Eotey | 203 (80t
Completed Discontinuation Period 67 (BE%) 48 (BE%) 68 (29%) 203 (39%)

1 Eight randomized subjects (three in the placebo group, two in the doxepin 3 mg group, and three in the
doxepin 6 mg group) withdrew from the study before receiving a dose of double-blind study drug.
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Approximately 12% of subjects in each treatment group withdrew from the study. There were no
important differences across treatment groups regarding the reasons for study withdrawal.
During the Double-blind Treatment Period, the most frequent reasons for study withdrawal were
noncompliance (3%) and consent withdrawn (3%) for subjects in the placebo group;
noncompliance (3%) and other (3%) for subjects in the doxepin 3 mg group; and noncompliance
(3%) and AEs (4%) for subjects in the doxepin 6 mg group. Three of the six subjects who were
withdrawn due to noncompliance were participating in this study at more than one study center.
One subject in the doxepin 6 mg group, Subject 06-3228, was discontinued after receiving
approximately 14 days of double-blind study drug once it was discovered that she previously had
completed the study as Subject 19-3112 at another study center.

Twenty-two of the 24 study centers randomized subjects into the study. Data from six centers
(Nos. 9, 15, 16, 18, 25, and 26) with low enrollment (fewer than five subjects in the ITT Analysis
Set) were pooled to form one pseudo-center, as described in the Statistical Analysis Plan (SAP).

3.1.3.2 Baseline Demographic and Disease Char acteristics

Demographic and other baseline characteristics were similar across treatment groups, as
summarized in Table 10. The majority of the study population was female: female (73%) and male
(27%). The mean age was 44.5 years. Subjects ethnicities were White (48%), Black/African
American (33%), Hispanic (16%), Asian (1%), and Other (2%).

Table 10 Study 501: Demographic and Other Baseline Characteristics: Safety Analysis Set

el = =l = el
Age (years)

Mean (3L 436(1230) 435 (10.58) 242 (11.03) H5(11.30)

Rangzs (1854 (2065 [19-63) (15-64)
Sex [m ()]

Male 23 (30%) 17(23%) 21085 80275

Female 517053 58T 52(T1%) 161 (73%3)
Bace Ethnicity [o (%]

White 35048%) EETC w|Ean) 107 (42%5)

Black/African American 25 (M%) 26(35%) 21029 T2(33%)

Hispamic 11 {15%3) 15 (20%%) 10145 36(16%)

Aslan Ll%) 1{1%3) (P 2{1%5)

Oither L1%) 005 ER 4 (2%
Weight (lg)

Mean (3L} T44(13.83) TI5(14.54) T8 (1535) T4 (14.63)

Rangzs (32-106) [47-117) (31-119) [47-119)
BA (lg'm’)

Mean (3T, 154 (454 TR (494 TA414) 172 (457)

Rangs (182-40.8) (19.1-41.5) (18.2-38.0) (182415

Copied from page 83 of study report

Eight randomized subjects were not included in the Safety Analysis Set because they did not
receive at least one dose of double-blind study drug. These eight subjects plus one additional
subject (Subject 05-3068 who was randomized to the placebo group but did not have an
evaluable PSG recording on Night 1) were not included in the ITT Analysis Set.
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3.1.3.3 Sponsor’s Results

Primary Efficacy Variable—Wake After Sleep Onset on Night 1

The primary efficacy variable was WASO on Night 1. Summary statistics for WASO at baseline,
Night 1 are presented in Table 11 using the ITT population.

A summary of WASO at baseline and Night 1 by treatment group using the ITT Analysis Set is
provided in Table 11. At baseline, the mean WASO, approximately 65 minutes, was similar

across the treatment groups. On Night 1, there were statistically significant decreases

(p<0.0001) in the mean WASO for each doxepin group, 3 mg and 6 mg, compared with the
placebo group. The LS mean WASO at night 1 was shorter for the doxepin 3 mg and 6 mg
groups by 26.0 minutes and 30.8 minutes, respectively, compared with the placebo group.

Table 11 Study 501: Primary Efficacy Variable — WASO on Night 1: ITT Analysis Set

Median (Fange)

62.0(7.0-193.00

63.3 (9.3-167.3)

. . Placebo Doxepin 3 mg Doxepin 6 mg
WASO (minutes) (N=72) (N=75) (N=T3)
Baseline (Mean of Nights -5 and -3)
Mean (5D} 63.6 (37.03) 67.8(33.58) 63.0(33.23)

58.8 (2.3-178.0)

Night 1 (Vizit 4)
Mean (5D
Median (Fange)
L35 Mean (Std. Emm)
Diff. of LS Mean (5td. Em)
85% CILof LS Mean Diff

1
p-value

66.7 (50.28)
55.5(6.3-202.5)

692 (3.28)

414 (3151
325 (3.5-175.5)
432 (3.80)
260 (5.18)
(-37.5,-14.4)

p=0.0001

36.3 (26.14)
205 (3.0-126.5)
383 (381
0.8 (5.21)
(-42.4,-19.7)

p=0.0001

! p-value comparing each active treatment to placebo was determined from an ANCOVA model that included

main effects for treatment and center with the baseline value as a covarate nsing Dunnett's test.

A summary of objective WASO results for Night 15, Night 29, and the average of Nights 1, 15,

and 29 are presented in Table 12.
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Table 12 Study 501: WASO on Night 15, Night 29, and the Average of Nights 1, 15, and 29:

WASO (minutes) 1;’33‘;; D“;f:;;] e an:;?:?rai e
Night 15 [Wisit 5) n=48 =68 =70
Mean (30 60.7 (52.87) 44.8(2726) 41.9 (2067
Median (Fange) 455 (5.0-300.0) 21002.0-1310 35.0(3.0-137.5)
Diff of L% Mean (S5td Err) -17.3 (5.69) -18.6 (5.66)
25% CT of LS Mean Diff. (-3000, 4.6 (-31.2,-6.0)
p-vahe' p=0.0053 p=0.0023
Night 19 [\isit 6) n=48 n=6g =44
Mean (500 1.8 (38.71) 73043353 41.2(37.81)
Meadian (Range) S3E (11517000 21.5(1.5-318.%) 25.0(5.5-208.0)
Dniff of LS Mean (Std Err) S15.T (44 -12.3 (6400
25% CT of LS Mean Diff. (-3000,-1.3) (-36.6,-3.0)
p-vahie! p=0.028% p=0.0012
Average of Night: 1, 15, and 19 =72 n=73 =73
Mean (500 62.5(37.67) 44426.58) 305 (2609
Median (Fangze) 56.1(8.0-172.8) 37545144 33.2 (43-131.5)
Dniff of LS Mean (S0d Err) -12.804.07) S13.40(408
5% CT of LS Mean Diff. (-27.2, -8.8) (-32.5,-14.3)
p-vahe' P20 01 p=20.0001

1 p-value comparmg each active reatment versus placebo was detarmuned from an ANCOVA mode] that
included main effects for tresmment and center with the baseline value as & covariae using Dnner's test.

L atency to Persistent Sleep

A summary of LPS at baseline, Night 1, Night 15, and Night 29 by treatment group using the
ITT Analysis Set is provided in Table 13. At baseline, the mean LPS was similar across the
treatment groups. On Night 1, there were statistically significant decreases in the geometric LS
mean LPS value for each doxepin group, 3 mg and 6 mg, compared with the placebo group. The
geometric LS mean for LPS was 18.1 and 16.7 minutes for the doxepin 3 mg and 6 mg groups,
respectively, compared with 26.8 minutes for the placebo group.

At Night 29, improvement in LPS in the doxepin 3 mg and 6 mg groups was comparable to the
improvement observed on Night 1 (geometric LS means for LPS on Night 29 were 17.8 and 16.6
minutes, respectively); however, these results were not statistically significant due, in part, to a
substantial placebo response.

Results for LPS on the average of Nights 1, 15, and 29 for each doxepin group, 3 mg and

6 mg, compared with placebo were not statistically significant based on the ITT Analysis Set.

Reviewer’s Comment: The log transformation of LPS was specified as the endpoint for the
analysis because the log LPS has a distribution that is closer to a normal distribution than the
untransformed LPS, which tends to have an asymmetric or skewed distribution. A mean of the
log transformed LPS values can be shown by using properties of the logarithm to be equal to the
log of the geometric mean, which has the form (yu-y2. +yn )“™. Therefore, taking the exponent of
the mean of the log transformed val ues gives the geometric mean which is back on the original
scale and thus is more inter pretable than the mean of the log transformed val ues.
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Table 13 Study 501: LPS at Baseline, Night 1, Night 15, Night 29, and Average of Nights 1, 15, and 29: ITT

Analysis Set

1S = [ - | o

Baseline (vzam of Mights -6 and -3) =72 =T34 =73

Mlean (3D 3B.0(2856) 1502084 300340

Geomatric Mam G 174 38

Mediam (Fange) J20(15-1465) 268 (5.0-191.5 30.3{1.5-19+.8)
Might 1 (Wisit <) =72 =73 =73

Mlean (3D 45.0(5491) 6.7(2347 171 {2545

Mediam (Fangs) 185253840 175251035 18,5 {5-163.3)

Geometric LS Mear' .8 121 167

L% Mezan Ratio 07 0.5

95% CTof LS Mean Fato (0.5.08) 0.5, 0.8)

pvalne® p=a0L1d p=00018
Might 15 (Visit 3) =64 o=t0 =T

Mlean (3D 33.2(30.73) IB1{4053) LB (3465T)

Mediam (Fangs) 220 20-13T0) 215 10-256.00 17.3 {51700

Geametric LS Mear! 192 1s 178

LS Mean Batio 12 0.9

95% CTof LS Mean Ratio (0818 (0.4, 1.3)

pvalne® P36 p=08315
Might 29 (Visit ) =64 o=tg o=t

Mlean (3DY) 313 (3398) IB.0258W M7 (2145)

Mediam (Fangs) 165 (0520400 203 (0513035 185 (10210

Geamatric LS Mear! 16.7 17.8 166

LS Mean Batio Il 1.0

5% CTof LS Mean Ratio 0.7.15 0.7 14)

pvaleet p=i12008 p=09080
Average of Nights 1, 15, and 28 =72 =T =73

Mear (30 36.9 (34.03) 3002492 0B 2LEY

Mediam (Fangs) 76 (4516500 J1E(G5131 21310027

Geametric LS Mear! 11 19 04

L5 Mean Fatio 08 0.8

95% CT of LS Mean Rato 0715 (0.6, 1.0}

p-value® p=iL6055 p=0.1074

! Amalysis was performed oo los-mansformed data, The LS mean vahees were copverted to orizmal scale by

taking the and-log

¥ povalie comparing each actve meament to placebo was determimed from an ANCOOVA meds] that meladed

main effacts for weatnent and center with the baselme valae as a covariare usmg Cnnsi's test,

Subjective Efficacy M easures

A summary of the subjective variables sTST, sWASO, and sNAASO at baseline, Day 2,

Day 16, and Day 30 is provided in Table 14. Note that for each measure the Day k score (k=2, 16,
or 30) was obtained on day k but it pertains to the previous night, Night k-1. In general, at
baseline the subjective sleep variables sTST, sWASO, and sSNAASO were similar across the
treatment groups. Results from the mornings of Day 2, Day 16, and Day 30 are summarized
below.

e sTST and sWASO — After Night 1, there were statistically significant improvements in
the mean sTST and mean sWASO for each doxepin group, 3 mg and 6 mg, compared
with the placebo group. These improvements continued throughout dosing on Night 29
(Day 30 assessment) for each doxepin group, 3 mg and 6 mg. However, the results were

not statistically significant due, in part, to a substantial placebo response.
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e sNAASO - There was no statistically significant difference in SNAASO for each doxepin
group, 3 mg and 6 mg, compared with the placebo group on Day 2, Day 16, or Day 30
(after dosing on Night 1, Night 15, and Night 29).

Table 14 Study 501: Subjective Sleep Variables sTST, sWASO, and sNAASO at Baseline, Day 2, Day 16, and Day
30: ITT Analysis Set

. . ; - - Placebo Doxepin 3 mg Doxepin 6 mg
Variable Using the Morning Questionnaire =T N=T5) N=T1)
sTST (minutes) =72 =75 =T3
Baselive (Mean of Days -5 and -4) (3D} 341.2 (32.20) 330.0 (63.23) 330.3 (61.45)
Day 2 (Visit 4) =72 =75 =T3

Maan (5D} 34583 (T0.03) 3618 (§4.03) 3600 (7839
p-value' p=0.0159 p=0.0256
Daay 16 (Visit 5) =T0 =542 =70
Maan (5D} 353.6 (85.15) 361.0 (67.22) 3715 (72.06)
p-value' p=0.3260 p=0.1411
Day 30 (Visit 6) =43 =52 =58
Maan (3D} 3652 (68.13) 3160.7 (63.72) 373.0 (75.30)
p-valne! p=0.9872 p=0.8831
sWASOD (minutes) =72 =75 =73
Bazeline (MMean of Days -5 and -4 (5D T4.6(30.74) BO.G (48.12) TE.Z (43.06)
Day I (Visit 4) =Tl =73 =13
Maan (3D} TLE(4591) 55.7(38.81) 540476
p-vahe' p=0.0005 p=0.0007
Day 16 (Visit 5) =70 =52 =70
Maan (3D} 66.0 (30.65) 58.0(34.14 SE4 (4009
p-value' p=0.2582 p=0.3357
Diay 30 (Visit &) =44 =54 =542
Maan (3D} 58604321 83.1 (4724 5B.2(53.0T)
p-value' p=0.3958 p=0.3020

A summary of the subjective variables LSO and sleep quality at baseline, Day 2, Day 16, and
Day 30 is provided in Table 15. In general, at baseline LSO and sleep quality were similar
across the treatment groups. Results from the mornings of Day 2, Day 16, and Day 30 are
summarized below.

e LSO — Although there were numerically greater improvements from baseline in the mean
LSO after dosing on Night 1 for each doxepin group, the results were not statistically
significant. Numerical improvements in sleep onset continued throughout treatment (Day
30 assessment) for each doxepin group, 3 mg and 6 mg, but these results were not
statistically significant.
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Table 15 Study 501: Subjective Sleep Variables LSO and Sleep Quality at Baseline, Day 2, Day 16, and Day 30:
ITT Analysis Set

. _ ; - - Flacebo Doxepin 3 mg Doxepin 6 mg
Variable Using the Morning Questionnaire N=T2) {31.:;..,5} {_\P='.'3}
L350 (minutes)' =71 =75 =73
Baselive (Mean of Days: -5 and -2) (SD) 54.7 (30.52 §1.4(30.43) 4.0 (4345
Diay 2 (Visit 4) =T2 =75 n=T3
Mean (3D} 56.4 (46.66) 50.3 (36.73) 55.7(36.946)
p-value® p=0.2204 p=0.0960
Diay 16 (Wisit 3) =T =52 =T
Maan (3D} 55.1(62.42) 52003517 48.7 (42.35)
p-valug® p=09333 p=0.2689
Diay 30 (Wisit &) =58 =52 =58
Maan (3D} 441 (41.24) 4203471 483 (4740)
p-value® p=0.3567 p=0.3242

All Night Sleep Efficiency

A summary of Sleep Efficiency (SE) overall at baseline, Night 1, Night 15, and Night 29 by
treatment group using the ITT Analysis Set is presented in Table 16. At baseline, the mean SE
overall was similar across the treatment groups. On Night 1, there were statistically significant
improvements in mean SE overall for each doxepin group compared with placebo. The LS mean
SE overall was greater for the doxepin 3 mg and 6 mg groups by 8.6% and 9.8%, respectively,
compared with the placebo group. There were statistically significant increases in mean SE
overall on Night 1 for the doxepin groups compared with the placebo group, which were
sustained on Night 15 (6 mg group) and Night 29 (3 mg and 6 mg groups). Additionally, there
were statistically significant increases in mean SE overall for the average of Nights 1, 15, and 29
for each doxepin group compared with the placebo group.
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Table 16 Study 501: SE All Night Over Time

: ITT Analysis Set

Sleep Efficiency Overall (%) T}!‘:‘::_g; D“{_ﬁ:?; mg DDI{;{?'.EE mg
Bazeline (Mean of Nights -6 and -3) =72 n=73 =T3
Wean (3D TR (P31 782 (0.60) 70.2 (3.98)
Meadian (Fange) BOS (52.3-857) 314 (55.0-04.7) TR.A (56.8-04.1)
Night 1 (Vistt 4) =72 n=T73 w=T3
Mean (30) 178 (15.03) B5.5 (B.68) B7.6 (7.72)
Meadian (Fange) B1.1(143-878) 202544074 BOS (620-0E2)
Dhiff of LS Mean (Std. Err.) 580148 25148
25%% CT of LS Mean Diff. (5.3, 11.8) (6.6, 13.1)
p-vahue! P00l p=20.000
Night 15 {Vistt 5) n=49 n=6% =T
Mean (30N 312 (1342) 83.7(10.12) B5.7 (10.70)
Median (Fange) B3.2(35.7974) 852 (464-082) EE.1 (46.6-27.5)
Dhiff of L% Mean (Std. Err.) 18 (1.68) 44 (1.65)
25% CT of LS Mean Diff. -1.1,6.4) (0.7, 8.1)
p-vahe' p=0.1877 p=0.0157
Night 19 (Vistt 6) n=438 n=6E =54
Wean (5D 81.5 (10.52) 85.0(1097) 87.3 (8.37)
Meadian (Range) B2.6 (54.6-961) 23002750700 EDB(524-084)
Diff of LS Mean (Srd. Err.) IB(5D) 5.8 (1.51)
5% CT of LS Mean DHff. (04, 7.1 (2.5,2.2)
p-value' p=0.0262 p=0.0003
Average of Nights 1, 15, and 29 =72 n=T73 w=T3
Wiean (30 B0.2(11.03) B5.1 (B.93) 569 (7.66)
Meadian (Fange) B1.1 (45.0-85.8) B5.6(50.2-97.4) EE.7(69.1-06.T)
Diff of LS Mean (Std. Err.) 48 (1.18) 8.5 (1.19)
25%% CT of LS Mean Diff. (2.2, 7.5) (41,84
p-vahe' p=0.0001 p=20.01001

p-value comparing each acive weament versus placebo was determined from an ANCOVA mode] thar

inclnded main effects for raamment and center with the baseline value as a covanate nsmz Dunnen's fest

Source: study report page 94

Reviewer’ s comment: The estimated correlation between the SE overall and the TST is 1.00
because the SE is defined as the TST divided by the time in bed and time in bed was almost
always equal to 480 minutes (with a few slight exceptions). Thus, SE all night is redundant if
considered after TST.

Sleep Efficiency by hour of the night, compared with placebo, was statistically significantly
improved on Night 1 at Hours 2, 3, 6, and 8 for the doxepin 3 mg group, and at Hours 2—8 in
the doxepin 6 mg group.
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Figure 1 Study 501: SE by Hour of the Night on Night 1: ITT Analysis Set

3.1.3.4 Reviewer’'s Results

Objective WASO

—a—Placebo

---g-- - Doxepin 3 mg

« = las « Dipuepin § mg

This reviewer verified the sponsor’s primary analysis of the WASO at Night 1 which revealed a
statistically significant difference between Doxepin 6 mg and placebo, favoring Doxepin. Eight
randomized patients had no post-baseline efficacy data and one of these had no baseline data
either. Using baseline observation carried forward imputation (BOCF) for these ITT patients
with no post baseline efficacy data doesn’t change the significance of the result for WASO at

Night 1.

There was also a significant difference between 6 mg Doxepin and placebo on the WASO at
Night 29. This was based on an observed cases analysis, i.e., with no imputation for missing
data. The result was still significant if missing data were imputed using either a) BOCF (baseline
carried forward) or b) LOCF (last observation carried forward) [see Table 17].
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Table 17 Comparison of OC and LOCF analysesfor objective WASO

PLACEBO 3 MG 6 MG
N MEAN N MEAN Difference | p-value N MEAN Difference p-value
POPULATION | NIGHT (S.D) (S.D.) from (S.D) from
Placebo Placebo
LSMEAN LSMEAN
(s.E.) (s.E.)
oC Night 70 -17.3(5.7) | 0.0025 -18.6(5.6) | 0.0011
15 60.8(52.5) [ 69 | 44.8(27.3) 70 41.9(29.7)
Night 70 -19.6(5.7) | 0.0007 -19.4(5.7) | 0.0008
16 60.7(48.8) [ 68 | 43.4(27.1) 68 42.2(31.2)
Night 69 -15.4(6.4) | 0.0173 -22.0(6.4) | 0.0007
29 61.6(39.4) [ 68 | 47.3(43.5) 69 41.2(37.9)
Night 67 -18.6( 6.1) | 0.0025 -22.3(6.0) | 0.0003
30 60.3(53.6) | 67 | 44.5(30.2) 68 40.1(31.1)
LOCF Night 73 -17.4(5.4) | 0.0015 -19.1(5.4) | 0.0005
15 60.5(51.9) [ 75 | 44.4(28.1) 73 41.5(29.1)
Night 73 -18.8(5.4) | 0.0006 -17.7(5.4) | 0.0012
16 60.1(48.3) [ 75 | 43.4(27.8) 73 42.4(30.4)
Night 73 -14.8(6.0) | 0.0145 -21.4( 6.0) | 0.0005
29 60.8(38.9) [ 75 | 46.7(42.7) 73 40.5(37.1)
Night 73 -17.1(5.6) | 0.0025 -21.1(5.6) | 0.0002
30 60.0(51.8) | 75 | 44.2(30.5) 73 39.0(30.5)

Another approach to assessing the impact of missing data on the results is a mixed model for
repeated measures. This approach models all of the observed post-baseline WASO scores (first
night of each visit) simultaneously. This reviewer’s model included baseline score as a covariate,
center effects, treatment group effects, visit (as a class variable which avoids assuming a
particular functional relationship for how the WASO changes over time) and effects for the
interaction between visit and treatment group. The within subject covariance structure for
repeated measures was specified as unstructured (to avoid questionable preconceived notions
about how the correlation between two observations on the same subject varies according to the
amount of time between them). The analysis of this model agreed with the other three methods
considered here. Therefore, it seems relatively unlikely that the dropouts (4 placebo, 7 Doxepin 3
mg, and 4 Doxepin 6 mg) would alter this result if their data was complete.

Subjective WASO

The analyses of the subjective WASO by night for the observed cases are summarized in Table 18.
Differences between 6 mg and placebo and 3 mg and placebo on Subjective WASO were only
significant at Night 1 (not for Night 29 or night 15). The sponsor specified the first of the two
nights for each visit as the timepoint to be tested, rather than the second night or the average. The
difference between Doxepin 6 mg and placebo on subjective WASO on night 30 (2™ night of last
Visit) was nominally significant (p=0.0009). This difference was also nominally significant at
night 16 (p=0.0418 without the Dunnett’s multiplicity adjustment), but not at night 15
(p=0.2016). In summary, if we use the nights specified for testing by the sponsor and we start
with the last one and work backwards we have to stop testing the subjective WASO at Night 29
(unadjusted p=0.6282). Therefore, using the hierarchical approach starting at the end with the
sponsor’s prespecified Nights for testing we are unable to conclude that there were any
significant differences between 6 mg and placebo on the subjective WASO.
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Table 18 Analyses of subjective WASO by Night (Observed Cases Analyses)

NI MEAN | N | MEAN | LS MEAN P- N | MEAN | LS MEAN P-
(S.D.) (S.D.) |(S.E) VALUE (S.D.) | (S.E.) VALUE
DIFFERENCE DIFFERENCE
FROM FROM
PLACEBO PLACEBO
Baseline 73.88( 81.51 871 0209 75.66 228 0.741
75 | 39.66) 76 | (48.46) 76 | (44.11)
Night [ 71.9 557 20.6 <0.001 549 203 <0.001
72 | (45.9) 75 | (39.8) (5.6) 73 | (44.8) (5.6)
Night2 | 73 | 636 74 | 609 6.9 0257 494 160 0.009
(45.0) (49 3) (6.0) 73 | (34.3) (6.0)
Avg 67.7 58.0 13.7 0.005 522 -18.0 <0.001
NIN2 | 73 | (40.8) 75 | (389) (4.8) 73 | 35.5) (4.8)
Night 66.4 59.0 11.6 0151 584 10.2 0.202
15 71 | (59.4) 69 | (541) (8.0) 70 | (49.1) (8.0)
Night 70 | 60.3 548 75 0248 68 | 50.5 133 0.042
16 (44.7) 69 | 48 1) (6.5) (40.8) (6.5)
Avg 63.2 56.9 9.6 0103 54.0 118 0.042
Ni5,16 | 71 | 43.1) 69 | (44 1) (5.8) 70 | (39.9) (5.8)
Night 59.1 63.1 32 0.648 582 34 0.628
29 69 | (43.0) 69 | (472) (7.1) 69 | (53.1) (7.0)
Night 70.7 60.6 13.7 0.059 67 | 497 241 0.001
30 69 | (56.5) 67 | (45.6) (7.2) (43.7) (7.2)
Avg 64.9 61.7 5.8 0343 53.7 142 0.020
N29,30 | 69 | (41.9) 69 | (429) (6.1) 69 | (43.9) (6.1)
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Effect of Missing Subjective WASO data

As can be seen in Table 19 significance conclusions for 6 mg vs. placebo comparisons on
subjective WASO based on analyses that used LOCF imputation for those who dropped out but
had some post-baseline data were the same as those for observed cases analyses except at Night
16 (OC p=0.042; LOCF p=0.053). Therefore, for the most part, it seems that the dropouts would
not have too much effect on the results of the analyses if their data was complete.

Table 19 Study 501: Subjective WASO: Comparison of OC and ITT-LOCF analyses

PLACEBO 3 MG 6 MG
Population | Night N MEAN | N MEAN | Difference | p-value N MEAN | Difference | p-value
(S.D.) (S.D.) from (S.D.) from
Placebo Placebo
LSMEAN LSMEAN
(S.E) (S.E)
oC Night 1 72 71.9 557 | -20.6 0.000 54.9 -20.3 0.000
459) |75 | (39.8) | (5.6) 73 | (44.8) | (5.6)
Night 2 73 63.6 | 74 60.9 -6.9 0.257 73 49.4 -16.0 0.009
(45.0) 49.3) | (6.0) (34.3) | (6.0)
Night 15 71 66.4 59.0 | -11.6 0.151 584 | -10.2 0.202
(59.4) | 69 | (54.1) | (8.0) 70 | (49.1) | (8.0)
Night 16 | 70 60.3 69 54.8 -1.5 0.248 | 68 50.5 -13.3 0.042
(44.7) 48.1) | (6.5) 40.8) | (6.5)
Night 29 69 59.1 63.1 3.2 0.648 58.2 -3.4 0.628
43.0) | 69 | @72 | (7.1) 69 | (53.1) | (7.0)
Night 30 | 69 70.7 60.6 -13.7 0.059 | 67 49.7 -24.1 0.001
(56.5) | 67 | 45.6) | (7.2) 43.7) | (7.2)
Avg 69 64.9 61.7 -5.8 0.343 53.7 -14.2 1 0.020
N29,N30 41.9) | 69 | @2.9) | (6.1) 69 | (3.9 |(6.1)
LOCF Night 15 73 65.2 57.8 -11.6 0.1304 574 -9.9 0.1966
59.1) | 75 | (52.4) | (7.6) 74 | (48.0) | (7.6)
Night 16 73 59.2 52.9 9.1 0.1472 49.2 -12.2 0.0532
@4ad) |75 | @11 | (63) 73 | (39.9) | (6.3)
Night 29 73 57.2 61.6 3.0 0.6527 58.1 -1.1 0.8690
42.8) | 75 | 46.0) | (6.7) 74 | (52.0) | (6.7)
Night 30 73 69.0 57.8 -14.9 0.0291 48.2 -23.2 0.0008
(55.6) | 75 | (44.5) | (6.8) 73 | (42.4) | (6.8)
Avg 73 63.5 59.5 -6.4 0.2685 524 | -134 0.0221
N29, @14 |75 | @23) | (5.8 73 | @3.0) | (5.8
N30
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L atency to Persistent Sleep

Differences in LPS were not significant compared to placebo for either 3 mg or 6 mg on Night 2
(Dunnett’s adjusted: p=0.523 and p=0.366, respectively). Without Dunnett’s adjustment the p-
values were 0.334 and 0.222, respectively. However, both 3 mg and 6 mg were significant
compared to placebo for Night 1 alone, as well as for the average of Nights 1 and 2. There were
no statistically significant treatment group differences in LPS at later times (Night 15 or Night
29). The analyses of the objective LPS by night for the observed cases are summarized in Table
20.

Table 20 Study 501: Analyses of objective LPS by Night (Observed Cases Analyses)

N | MEAN GEO- N | MEAN GEO- P-VALUE N | MEAN GEO- P-VALUE
OF METRIC OF METRIC FOR DIFF OF METRIC FOR DIFF
LOG MEAN OF LOG MEAN OF | FROM LOG MEAN OF | FROM
LPS LPS LPS LPS PLACEBO LPS LPS PLACEBO
(S.D.) (S.D.) (S.D.)
Bascline 335 285 331 273 0.976 326 26.0 0.542
76 | (0.89) 76 | (0.74) 76 | (1.00)
Night 1 333 28.0 2.93 18.7 0.006 2.80 16.5 0.001
72 | (1.00) 75 | (0.87) 73 | (1.17)
Night 2 3.05 212 284 172 0.282 277 16.0 0.183
72 | (1.06) 74 | (1.01) 73 | (1.24)
Avg 331 273 2.98 19.7 0.010 2.93 187 0.007
NIN2 | 73 | (0.88) 75 | (0.77) 73 | (1.03)
Night 2.98 19.7 3.16 235 0227 284 17.1 0.592
15 70 | (1.05) 69 | (1.07) 70 | (1.23)
Night 2.94 18.9 311 225 0.157 2.92 185 0.747
16 70 | (1.04) 68 | (0.84) 68 | (0.99)
Avg 3.08 21.7 329 26.8 0.051 3.04 20.9 0.841
N1516 | 71 | (0.89) 69 | (0.76) 70 | (0.95)
Night 287 17.7 2.88 17.8 0.799 274 15.4 0.864
29 69 | (1.18) 68 | (1.06) 69 | (1.11)
Night 3.00 202 3.07 216 0.699 274 155 0322
30 67 | (1.05) 67 | (1.02) 68 | (1.18)
Avg 3.03 20.8 3.08 219 0.557 283 17.0 0487
N29,30 | 69 | (0.99) 69 | (0.86) 69 | (1.03)

Basing the analyses on the ITT-LOCF population instead of observed cases did not result in any
changes to the statistical significance conclusions. Therefore, it seems relatively unlikely that the
dropouts would have much impact on the results of the analyses of LPS if their data was
complete.

Other Secondary Endpoints

The estimated correlation between Sleep Efficiency (SE) overall and Total Sleep Time (TST) is
1.00 because SE overall is defined as TST/TIB and TIB was almost always 480 minutes. So, SE
all night seems to be redundant endpoint if considered after TST.

The distribution of Wake Time after Sleep (WTAS) is very asymmetric (skewed). Most values
are 0 minutes, e.g., overall 76% were 0 on Night 1, but some extend far above 0. Therefore,
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because of the highly non-normal distribution of WTAS the ANCOVA analysis used for the
other endpoints is not very appropriate or reliable for WTAS. This reviewer investigated
Wilcoxon rank sum tests comparing the sums of the ranks of the WTAS values between the
groups as well as logistic regression models comparing the odds of the WTAS being greater than
0 between the groups. The results are shown in Table 21. The p-values from the logistic regression
are not shown but they did not lead to any different significance conclusions. The sponsor
reported that there was a significant difference between 6mg and placebo on night 1 based on
ANCOVA analysis but overall 76% of the WTAS values were 0 which makes the normality
assumption highly questionable. Furthermore, the Wilcoxon and logistic regression analysis
methods which avoid this normality assumption did not result in nominal significance (Wilcoxon
p=0.0896 and logistic p=0.1811). Either way no matter which analysis one considers most
appropriate none of the approaches found a significant difference on Night 29, so even if there
was an effect there is no compelling evidence that it lasted beyond Night 1.

Table 21 Study 501: Wake Time After Sleep by Night (Observed Cases)

PLACEBO 3 MG 6 MG
Night N MEAN N MEAN Difference | Wilcoxon | N MEAN Difference | Wilcoxon
(S.D.) (S.D)) from rank sum (S.D.) from rank sum
Placebo test vs. Placebo test vs.
LSMEAN | Placebo LSMEAN | Placebo
(S.E) p-value (S.E.) p-value
Baseline 76 5.6 76 8.4 2.6 0.5347 76 5.1 -0.9 0.7577
(12.4) (16.9) (22) (9.1) (2.2)
Night 1 72 6.4 75 0.7 -5.9 0.0039 73 1.1 -4.9 0.0896
(15.5) (3.7 (1.5) (4.6) (1.5)
Night 15 70 5.5 69 2.8 -34 0.4127 70 2.1 -3.2 0.7325
(20.1) (8.7) (2.2) (7.8) (2.2)
Night 29 69 5.8 68 32 -3.0 0.4906 69 2.7 -2.8 0.0967
(15.5) (84) (2.0) (9.9) (1.9)

There was no significant difference between Doxepin 6 mg and placebo on the objective number
of awakenings after sleep onset (NAASO) at night 1 (6 mg vs. placebo p=0.1378) or night 29
(p=0.1781). This, together with the OO results, may raise questions about the sponsor’s claim
of an effect towards @@ which they based on the sleep
efficiency endpoint results.

Summary of Results

Table 22 summarizes the p-values from observed cases analyses for the endpoints considered
most important for this review by the division of Neurology, for each of the two nights at each
visit, as well as their average. These p-values are not adjusted for multiplicity which is a big
consideration here. The Division’s recommended approach was to start with the high dose at the
latest time and work to the first time, first for o WASQO, then for sWASO, LPS, and finally for
LSO. If an intermediate test is not significant at 0.05 then no further testing of this sequence of
tests should be done in order to control the experimentwise type I error at 0.05.

e Objective WASO was generally significantly reduced at each time for both 6 mg and 3

mg as compared to placebo.
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e Subjective WASO was not significantly reduced on the first nights (sponsor designated as
primary) of Visit 6 and Visit 5 for the 6 mg group vs. placebo. However, if we look at the
2nd night of each visit or the average of nights 1 and 2 then subjective WASO appears to
be significantly reduced for the 6 mg group as compared to placebo.

e Objective LPS was only significant at Visit 4 and even that was not consistent over both
nights. So, it is not clear that there is an effect on objective LPS beyond the first night of
application of the drug. The same was true for the subjective LSO and since it is lower in
the testing hierarchy no claims on LSO should be possible.

Table 22 Study 501: Resultsfor 1% Night, 2™ Night, and Average of two at each Visit (OC)

p-value for comparison with placebo
Endpoint Group Night of Visit | Visit 6 Visit 5 Visit 4
(Night 29,30) | (Night 15,16) | (Night 1,2)

oWASO 6 mg ¥ 0.001 0.001 <0.001

o <0.001 0.001 <0.001

Avg <0.001 <0.001 <0.001

3 mg ¥ 0.017 0.003 <0.001

2 0.002 0.001 0.006

Avg 0.001 <0.001 <0.001

sWASO 6 mg 1 0.628 0.202 <0.001

2 0.001 0.042 0.009

Avg 0.020 0.042 <0.001

3 mg ¥ 0.648 0.151 <0.001

o 0.059 0.248 0.257

Avg 0.343 0.103 0.005

oLPS 6 mg ¥ 0.864 0.592 0.001

2 0.322 0.747 0.183

Avg 0.487 0.841 0.007

3 mg ¥ 0.800 0.227 0.006

o 0.699* 0.157* 0.282

Avg 0.557* 0.051* 0.010

sLSO 6 mg 1 0.651% 0.145 0.049
o 0.763 0.452 0.809*

Avg 0.699* 0.069 0.284

3 mg ¥ 0.237 0.907* 0.126

o 0.518 0.649* 0.820

Avg 0.334* 0.944* 0.187

*sign of t-statistic favors placebo

The placebo group had a modest within group increase in average subjective WASO (59.6 vs.
70.7, p=0.08) between Night 1 and Night 2 of the last visit, whereas, the 6 mg group had a
modest within group decrease in average WASO (58.2 vs. 49.7, p=0.07) between Night 1 and
Night 2 of the last visit (Visit 6 or the 3" Post-Baseline Visit). This may help to explain the
difference in significance of the 6 mg vs. placebo comparison between Night 1 and Night 2 of
the last visit.
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The placebo group had a nominally significant within group decrease in LPS (geometric mean
28.0 vs. 21.2, p=0.0165) between Night 1 and Night 2 of Visit 4(first post-baseline visit). This
may help to explain the difference in significance of the 6 mg vs. placebo comparison between
Night 1 and Night 2 of Visit 4.

3.1.4 Study 502

The first subject was enrolled on 08 February 2006 and the last subject completed the study on
22 June 2006. All Investigators in this study were based in the United States.

The objectives of this study were as follows:

* To evaluate the effect of doxepin 6 mg relative to placebo on sleep onset in a model of transient
insomnia.

* To assess the safety of doxepin 6 mg in healthy adult subjects.
The final protocol, protocol amendment 1, is dated 20 January 2006.

Efficacy Variables

The primary efficacy variable is LPS as determined by PSG assessment. The

key secondary efficacy endpoint is WASO as determined by PSG assessment.

Other secondary efficacy PSG endpoints include: TST, SE (whole night, by third

of the night, and by hour), latency to Stage 2 sleep, WTDS, WTAS, NAASO, and

sleep architecture (percentages and minutes of Stage 1, 2 and 3-4 nonREM [NREM ] sleep,
percentages and minutes of REM and NREM sleep, and latency to REM sleep).

Subjective sleep assessments as noted on the morning questionnaires include:

LSO, sTST, sNAASO, sTWT, sWASO, and sleep quality.

Analysis Methodsfor the Efficacy Analysis

Efficacy analyses were to be performed on the ITT analysis set.

The ITT analysis set was to include all randomized subjects who have a corresponding
PSG efficacy assessment of LPS at Night 1. Data were to be analyzed as randomized.

Analysis of the Primary Efficacy Endpoint

The primary efficacy variable is LPS as determined by PSG assessment. The null hypothesis to
be tested is that the LPS values for the two treatments are equal. The alternative hypothesis is
that the LPS values are different for doxepin HCI 6 mg compared with placebo. Hypothesis tests
for the comparison of doxepin HCI at 6 mg versus placebo were to be analyzed using an analysis
of variance (ANOVA) model with main effects for treatment and center. If the data were
inconsistent with the assumptions of ANOVA, an appropriate transformation of the data might
be performed or appropriate non-parametric tests might be used to evaluate the differences
among treatment groups.
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Secondary Efficacy Endpoints

Continuous secondary efficacy variables (including both the key and other secondary endpoints)
were to be analyzed using the same methods used to compare the LPS values, i.e., using an
ANOVA model as appropriate.

Sleep quality was to be summarized using methods for continuous data. Differences between
treatments were to be analyzed using an ANOVA model with main effects for treatment and
center. For each outcome, if the overall frequency distribution (doxepin HCI 6 mg and placebo
combined) indicated that subjects reported outcomes in fewer than five categories, differences
between treatment groups may be analyzed using the Cochran-Mantel-Haenszel chi-square (row
meanscore) test stratifying by center, assuming the categories of response are equally spaced.

Handling of Missing Individual 1tems of Efficacy Assessments

Before breaking the randomization blind, a complete review of all data was to be conducted in
order to account for all missing values and protocol violations. Data that were established to be
truly missing were to be documented with, if possible, the reason for the missing values. A
missing value code(s) was to be documented and incorporated into the database. All analyses
were to be based on observed data; missing data was not to be imputed.

Sample Size Determination

Approximately 500 subjects were to be randomized into the study. This sample size was based
on results from a similar transient insomnia study conducted in 375 healthy adults. Results from
this study showed that the estimated standard deviation of LPS was approximately 22 minutes in
the placebo group, with smaller estimated standard deviations in the remaining two treated
groups. Assuming a standard deviation of 22 minutes, 250 subjects per arm provides greater than
85% power to detect a difference in LPS between the doxepin HCI 6 mg and placebo group of at
least 6 minutes, using a two-sided two-sample t-test at the 5% level of significance.

Changesintroduced in the Statistical Analysis Plan (SAP) dated September 21, 2006.

A step-down procedure was to be used to control for multiple comparisons of the primary and
key secondary endpoints. If the comparison of the doxepin 6 mg group to placebo with respect to
LPS was statistically significant (p<0.05), the comparison with respect to WASO was to be
made. No other adjustments for multiple comparisons of the remaining efficacy endpoints were
to be conducted.

3.1.4.1 Sponsor’s Results

All 565 randomized subjects (282 subjects in the placebo group and 283 subjects in the doxepin
6 mg group) completed the study. A total of six study centers in the US randomized subjects into
the study. Each center randomized 42 to 144 subjects, inclusive.

Demographic and other baseline characteristics are summarized by treatment group based on the

safety analysis set in Table 23. Subjects were female (55%) and male (45%). Gender distribution
was well-balanced between the treatment groups. The mean age of subjects was 35.5 years.
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Subjects were White (50%), Hispanic (32%), Black/African American (15%), and Asian (1%),
Native Hawaiian or Other Pacific Islander (<1%), and Other (1%).

Table 23 Study 502: Baseline Demographics

Variable Placebo (N=282) Doxepin 6 mg Total (N=565)
(N=283)

Age (years)
Mean (SD) 35.9(8.13) 35.2(8.20) 35.5(8.17)
Range 25-55 25-55 25-55
Sex[n (%)]
Male 134 (48%) 123 (43%) 257 (45%)
Female 148 (52%) 160 (57%) 308 (55%)
Race/Ethnicity [n (%)]
White 151 (54%) 133 (47%) 284 (50%)
Black/African American 39 (14%) 45 (16%) 84 (15%)
Hispanic 87 (31%) 93 (33%) 180 (32%)
Native Hawaiian or Other Pacific Islander 0 (0%) 1 (<1%) 1 (<1%)
Asian 2 (1%) 6 (2%) 8 (1%)
Other 3 (1%) 5 (2%) 8 (1%)
Weight (kg)
Mean (SD) 73.4 (13.27) 73.9 (13.46) 73.7 (13.36)
Range 46-109 50-120 46-120
BMI (kg/m )
Mean (SD) 25.1(2.90) 25.2 (2.75) 25.2(2.82)
Range 19.2-32.1 20.0-32.3 19.2-32.3

Analysis of the Primary Efficacy Variable— L atency to Persistent Sleep
The primary efficacy variable, LPS, was measured using PSG recordings.
A summary of LPS by treatment group using the ITT analysis set is presented in Table 24. There was
a statistically significant decrease (p<0.0001) in the mean LPS for the doxepin 6 mg group compared
with the placebo group. The LS mean estimate for LPS was 13.0 minutes shorter for the doxepin 6

mg group compared with the placebo group.

Table 24 Study 502: Primary Efficacy Variable — LPS on Night 1: ITT Analysis Set

L PS (minutes) Placebo (N=282) Doxepin 6 mg (N=283)

Subjects 282 282
Mean (SD) 33.6 (36.87) 20.6 (18.93)
Median (Range) 19.3 (0.0-236.0) 15.0 (0.5-165.0)
LS Mean (Std. Err.) 32.9(1.83) 20.0 (1.83)
Difference of LS Mean (Std. Err.) -13.0 (2.44)
95% CI of LS Mean Difference (-17.8,-8.2)

! p<0.0001

p-value

1
p-value for comparing treatments was determined from an ANOV A model that included main effects for treatment and

center.
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Secondary Endpoints

A summary of WASO by treatment group based on the ITT analysis set is provided in Table 25. There
was a statistically significant decrease in the mean WASO for the doxepin 6 mg group compared
with the placebo group. The LS mean WASO estimate was 39.1 minutes shorter for the doxepin 6
mg group compared with the placebo group.

Table 25 Study 502: WASO on Night 1: ITT Analysis Set

WASO (minutes) Placebo (N=282) Doxepin 6 mg (N=283)

Subjects n=281 n=281
Mean (SD) 77.5 (62.11) 38.4 (31.70)
Median (Range) 60.5 (6.5-364.0) 28.5(1.0-189.0)
LS Mean (Std. Err.) 79.4 (3.11) 40.4 (3.11)
Difference of LS Mean (Std. Err.) -39.1 (4.16)
95% CI of LS Mean Difference (-47.2,-30.9)

1
p-value p<0.0001

1
p-value for comparing treatments was determined from an ANOVA model that included main effects for treatment and

center.
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There was a nominally statistically significant improvement in the mean all night Sleep Efficiency
(SE) for the doxepin 6 mg group compared with the placebo group. The LS mean SE was greater
(improved) for the doxepin 6 mg group by 10.6% compared with the placebo group.

Table 26 Study 502: SE Overall and by First, Second, and Final Third of the Night on Night 1: ITT
Analysis Set

SE Variable Placebo (N=282) Doxepin 6 mg (N=283)
SE-Overall (%) n=281 n=281
Mean (SD) 77.9 (14.47) 88.6 (8.32)
Median (Range) 80.6 (18.2-98.3) 91.0 (35.0-99.3)
LS Mean (Std. Err.) 77.6 (0.75) 88.3 (0.75)
Difference of LS Mean (Std. Err.) 10.6 (0.99)
95% CI of LS Mean Difference (8.7, 12.6)
p-value p<0.0001
SE—First Third of the Night (%) n=281 n=281
Mean (SD) 69.6 (22.71) 82.6 (13.79)
Median (Range) 77.2 (0.0-98.4) 87.2(6.3-99.4)
LS Mean (Std. Err.) 69.5 (1.17) 82.5(1.17)
Difference of LS Mean (Std. Err.) 13.0 (1.56)
95% CI of LS Mean Difference 9.9, 16.1)
p-value p<0.0001
SE—Second Third of the Night (%) n=281 n=281
Mean (SD) 82.5(20.13) 91.9 (9.67)
Median (Range) 90.9 (0.0-99.4) 94.7 (10.3-100.0)
LS Mean (Std. Err.) 81.8 (0.99) 91.2 (0.99)
Difference of LS Mean (Std. Err.) 9.4 (1.33)
95% CI of LS Mean Difference (6.8, 12.0)
p-value p<0.0001
SE-Final Third of the Night (%) n=281 n=281
Mean (SD) 81.7 (22.02) 91.2 (9.48)
Median (Range) 91.9 (1.6-100.0) 94.1 (29.4-100.0)
LS Mean (Std. Err.) 81.6 (1.07) 91.1 (1.07)
Difference of LS Mean (Std. Err.) 9.5(1.43)
95% CI of LS Mean Difference (6.7,12.3)
p-value p<0.0001

I

p-value for comparing treatments was determined from an ANOV A model that included main effects for treatment and

center.
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3.1.4.2 Reviewer’'s Comments

This reviewer verified the sponsor’s primary analysis result which showed that the Doxepin 6 mg
group had a statistically significantly shorter average Latency to Persistent Sleep (p<0.0001). As
this was only a 1 night study there were no missing data. This reviewer also verified the
sponsor’s result for WASO (p<0.0001). Note that no baseline measures of LPS or WASO were
recorded. Therefore, we can not be certain that the groups were completely balanced with respect
to these measures at baseline.

Overall, eighty four percent of the WTAS values on night 1 were 0 minutes. A Wilcoxon rank
sum test (p=0.01) and a logistic regression (p=0.022), methods which avoid the questionable
normality assumption for WTAS, suggested that the 6 mg group was nominally significantly
better than placebo in terms of WTAS. However, WTAS was not specified as a key secondary
endpoint or adjusted for multiple comparisons.

There was no significant difference between Doxepin 6 mg and placebo on the objective number
of awakenings after sleep onset (NAASO) for Treatment Night 1 (p=0.2252). This may raise
questions about the sponsor’s claim of an effect towards A
based on the results for the sleep efficiency endpoint.

3.1.5 Study 503

Title: A Phase I1I, Randomized, Double-Blind,
Placebo-Controlled, Parallel-Group, Multicenter Study to Assess the Long Term Efficacy and
Safety of Doxepin Hcl in Primary Elderly Insomnia Patients with Sleep Maintenance Difficulties

The first subject was enrolled on 06 September 2005 (randomization date) and the last subject
completed on 28 September 2006. All Investigators in this study were based in the United States.

3.1.5.1 Study Design and Statistical M ethods

Primary Objective: To evaluate the sleep efficacy of two dose levels of doxepin HCI (doxepin)
relative to placebo in elderly subjects with sleep maintenance difficulties due to primary
insomnia.

Secondary Objectives. (1) To evaluate the long-term efficacy of two dose levels of doxepin in
elderly subjects with primary insomnia, and (2) to evaluate the safety of doxepin in elderly
subjects with primary insomnia when administered for 12 weeks.

The final version of the protocol, Protocol Amendment 2, was dated July 28, 2006:
The primary efficacy variable is WASO at Visit 3 (Day 1).

The primary alternative hypothesis is that the WASO values at Visit 3(Day 1) are different for
doxepin HCI 3 mg compared to placebo; the comparison of doxepin HCI 1 mg to placebo is
secondary. Hypothesis tests for the comparison of doxepin HCI at 1 mg and 3 mg versus placebo
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will be analyzed using an analysis of covariance (ANCOVA) model that includes the main
effects for treatment and center with the baseline WASO as a covariate. Baseline WASO is
defined as the mean of PSG Screening Nights -6 and -5.

If the data are inconsistent with the assumptions of ANCOVA, an appropriate
transformation of the data may be performed or appropriate non-parametric tests
will be used to evaluate the differences among treatment groups.

The following changes/additions wer e described in the statistical analysis plan which was
dated November 29, 2006, which the sponsor asserted was before unblinding.

Analysis Population and Missing Data Handling

The primary efficacy analysis was to be based on the ITT analysis set using observed data
only; missing data was not to be imputed. Additional sensitivity analyses that impute

missing data were also to be performed for the primary and key secondary variables. The first
sensitivity analysis was to impute missing data using the last observation carried forward
(LOCF) method. The second sensitivity analysis was to impute missing data using the baseline
observation carried forward (BOCF) method.

Multiplicity Adjustments

The primary endpoint, WASO at Visit 3, was to be assessed at the 5% level of significance (two-
sided) using a linear contrast within the context of the ANCOV A model to compare

the mean WASO for the doxepin 3 mg group to placebo. If statistically significant, the
duration of the effect of doxepin on WASO across the entire study period was to be

assessed by comparing the mean WASO for doxepin 3 mg to that for placebo at Visit 5

(Day 29) and Visit 7 (Day 85). If all three of these comparisons were statistically

significant, the difference between doxepin 3 mg and placebo at Visit 3 was to be assessed
for the key secondary endpoints of sTST (from the morning questionnaire), LPS, and SE

in Hour 8. Each comparison was to be assessed only if the preceding comparison achieved
statistical significance. According to the sponsor this sequential testing procedure controls the
overall Type 1 error rate for these comparisons at the 5% level of significance (Westfall et al,
1999).

Specifically, the order of testing for statistical significance will be as follows:

* WASO at Visit 3

* WASO at Visit 5

* WASO at Visit 7

* sTST at Visit 3

 LPS at Visit 3

 SE in Hour 8 at Visit 3

The comparison of doxepin at 1 mg to placebo will follow the same sequential testing
procedure, but only for those parameters that achieved statistical significance for the
comparison of doxepin 3 mg to placebo.

No other adjustments for multiplicity will be made.

Reviewer’s Note: The sponsor’s multiplicity adjustment approach does not strongly control the
experimentwise type | error. For example, suppose that the true means for the WASO at Visit 3
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are markedly different for 3 mg and placebo, but they are the same for 3 mg and placebo at Visit
5 and the same for 1 mg and placebo at visits 3 and 5. Because the null hypothesis for 3 mg vs.
placebo at visit 3 will be rejected (with probability essentially = 1 if the true differenceislarge
enough), the two null hypotheses for 3 mg vs. placebo at Visit 5 and 1 mg vs. placebo at Visit 3
will always be carried out.

Therefore, the probability of at least one typel error is:

{Pr(null for 3 mg vs. placebo at visit 5 rejected AND null for 1 mg vs. placebo at visit 3 Not rejected)+
Pr(null for 3 mg vs. placebo at visit 5 Not rejected AND null for 1 mg vs. placebo at visit 3 rejected)+
Pr(Nullsfor both 3 mg vs. placebo at Visit 5 and 1 mg vs. placebo at Visit 3 are rejected)}

=.05*%.95 + .05*.95+ .05*.05=.0975 > 0.05

3.1.5.2 Patient Disposition

A summary of disposition for all randomized subjects is provided in Table 27. All 240 randomized
subjects (100%) received double-blind study drug and were included in the Safety Analysis Set
and the ITT Analysis Set. Overall, 214 subjects (89%) completed the study. The 26 subjects
(11%) who did not complete the study all discontinued during the Double-blind Treatment
Period. Seven (3%) randomized subjects withdrew from the study due to an AE. An additional
subject (Subject 32-7307) had an AE with an erroneous CRF entry for Action Taken of study
drug discontinuation. (Study drug was interrupted due to an SAE and resumed; subsequently, the
subject was withdrawn from the study due to a protocol violation.) There were no deaths
reported during the study or within 30 days following administration of the last dose of study
drug.
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Table 27 Study 503:; Patient Disposition

Placebo Doxepin 1 mg (Doxepin 3 mg Total
(N=81) N=TT) (N=82) (N=240)
Completed the Study TO(86%) T0(91%) T4 (90%%) 214 (89%%)
Withdrew from the Smdy 11014%) 7{9%) g (10%) 26(11%)
Primary Reason for Discontinuation *
Adverse Event * 3 (4%) 1(1%) 3 (4%) T(3%)
Protocol Violation 2(2%) 2(3%) (1%%) 3 (2%%)
Noncompliance 0 {0%) 3 (4%) 0 (0%) 3(1%)
Consent Withdrawn 6 (7% 0 (0%%) 2(2%) £{3%)
Lost to Follow-up 0 {0%) 0 (0%) 0 (0%) 0 (0%%)
Death 0 (0%) 0 (0%) 0 (0%) 0 {0%%)
Other 0 (0%) 1(1%) 2(2%) 3(1%)
Subjects with an AE Resulting in - — —— -
Discontinuation of Study Drug i 3 (4%) 2 (3% 3 (37) 8%

Mote: Mo randonmizad subject withdrew from the stody before receiving double-blind study dmz.
! Primary reason for discontimuation as recorded on the Study Termination CRF page.

* Includes Subject 72-7188 {(doxepin 3 mg), whose primary reason for discontinuation was recorded as
“Other: SAE”

Includes Subject 32-7307 (doxepin 1 mg), who had an AE (pneumonia) with an erroneons CEF entry for
Action Taken to Study Drug = Discontimmed. This subject was withdrawn from the study due to a
protocol violation.

SOURCE: SPONSOR STUDY REPORT PAGE 72

3

Approximately 10% of subjects in each doxepin treatment group withdrew from the study,
compared with 14% of subjects in the placebo group. There were no important differences across
treatment groups regarding the reasons for study withdrawal. The most frequent primary reasons
for discontinuation were consent withdrawn (7%) and AEs (4%) for subjects in the placebo
group; noncompliance (4%) and protocol violation (3%) for subjects in the doxepin 1 mg group;
and AEs (4%) for subjects in the doxepin 3 mg group. Of the subjects withdrawn from the study
due to noncompliance, Subject 08-7112, who was included in all three analysis sets, was
noncompliant with regard to study medication. Another subject was participating in this study at
two study centers, as Subject 06-7076 (doxepin 1 mg) and Subject 19-7020 (doxepin 1 mg); she
was excluded from the PP Analysis Set. Data obtained during her participation at both study
centers were included in the safety and ITT analysis sets. Thus, although Table 27 indicates three
subjects withdrew due to noncompliance, only two subjects actually did so since one subject
participated twice and had two subject numbers.

Subject 01-7303 in the placebo group was discontinued due to a protocol violation after
receiving approximately 57 days of double-blind study medication once it was discovered

that she had previously completed the study as Subject 06-7225 (also in the placebo

group) at another study center. Subject 01-7303 was excluded from the PP Analyses Set.

Data obtained during her participation at both study centers were included in the safety

and ITT analysis sets.
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3.1.5.2.1 Baseline Demographics

Demographic and other baseline characteristics are summarized by treatment group using
the Safety Analysis Set in Table 28. Demographic and other baseline characteristics were similar

across treatment groups. The study population was female (65%) and male (35%). The mean age

was 71.4 years. Subjects were White (80%), Black/African American (9%), Hispanic (9%),
Asian (1%), and Other (1%).

Table 28 Study 503: Baseline Demographics

Variable/Category E;E;:;];; anf_ﬁ:.%}:'u%?l) ms DMEE]; 1‘!; mg ;jﬁti:ﬂ
Age (vears)

Mean (S T1.5(3.50) 71.3(5.23) T1.4(4.28) 714319

Range 63-93 64-83 6588 6493
Sex [m (%0)]

Male 33 (41%) 27 (35%) 25 (30%) B3 (35%)

Female 48 (39%) 50(65%) 57 (70%) 155 (63%)
Eace/Ethnicity [n (%))

White 67 (83%) 63 (82%) 63 (77%) 193 (80%%)

Black/African American 6 (7%) 3 (6%) 10 (12%) 21 (9%%)

Hispanic 4 (3%%) 2 (10%) 9(11%) 21 (9%4)

Asian 1(1%) 1(1%:) 0 (0%) 2(1%)

Other 3(4%) 0(0%a) 0 (0%) 3(1%)
Weight (kg)

Mean (SI) TE.E(13.53) 73.3(16.02) 73.35013.23) 76.6(14.97)

Range 32-11% 45-102 30-107 45-118
BMI (kg/m")

Mean (SI) 280D 273542 2710437 275 (4285

Range 200441 183418 18.8-307 183441

3.1.5.3 Sponsor’s Results

Thirty-one of the 35 study centers randomized subjects into the study. Data from

13 centers (Nos. 5, 10, 13, 16, 21, 27, 29, 35, 37, 42, 43, 45, and 68) with low enrollment
(fewer than five subjects in the ITT Analysis Set) were pooled to form one pseudo-center,
as described in the SAP.

Analysis of the Primary Efficacy Variable—WASO on Night 1

The primary efficacy variable was WASO on Night 1.

A summary of WASO at baseline and on Night 1 using the ITT Analysis Set is provided
in Table 29. At baseline, the mean WASO was similar across the treatment groups. On
Night 1, there were statistically significant decreases in the mean WASO for each
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doxepin group, 1 mg and 3 mg, compared with placebo. The LS mean WASO estimate was

shorter for the doxepin 1 mg and 3 mg groups by 17.8 minutes and 33.8 minutes,

respectively, compared with the placebo group.

Table 29 Study 503: Objective WASO on Night 1in ITT population

Placeho

WASO (minutes) (N=81)

Doxepin 1 mg

=17

Doxepin 3 mg
(N=81)

Baseline (Iean of Nights -6 and -3)
Mean (5D)
Median (Fange)

1195 (37.67)
113.5 (62.5-204.5)

120.1 (34.97)
112.5 (65.3-204.8)

117.9(28.13)
113.9(74.8-200.5)

Wight 1 (Wisit 3)
Mean (5D
Median (Fange)
Diff. of LS Mean (5td. Emr)
05% CI of LS Mean Dnff.

p-value’

108.9 (46.01)
107.0 (31.5-244.5)

01.8(47.09)
T1.3(28.5-227.3)

178 (632

(-30.3,-54)

p=0.0053

745 (37.88)
67.8 (15.0-164.5)
-33.8(6.23)
(-46.0, 21.5)
p=0.0001

! p-value comparing each active freatment to placebo was determuned from an ANCOWVA model that
mchided mam effects for reatment and center with the baseline value as a covariate using a linear

conmast.

The sponsor’s analyses of the objective WASO over time are displayed in Figure 2. Note that the
p-values are not adjusted for multiple comparisons.

Figure 2 Study 503: Objective WASO over Time
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Source: sponsor study report page 82
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Subjective Total Sleep Time

Nominally significant improvements in sTST compared with placebo were observed in

the doxepin 1 mg group at Day 86 and in the doxepin 3 mg group at Day 30 and the

average of Days 2, 16, 30, 58, and 86. However, there were no significant differences between 3
mg and placebo or 1 mg and placebo at Visit 3, the time specified as first in the testing order by
the sponsor. Therefore, the sponsor’s prespecified multiplicity adjustment method only permits a
claim on the objective WASO (at days 1, 15, 29, 57, and 85 for Doxepin 6 mg).

Table 30 Study 503: Subjective TST at Baseline, Day 2: ITT Analysis Set

JTST (minute I N

Bazeline (MMezn of Diays -5 and -4) r=E1 =77 n=321
Mean (ST 3046.1 (67.43) 302.1(71.81) 3213 (60.53)

Dray 2 (Wisit 3) =78 =77 n=321
Mean (ST 3220 (TR.12) 3151 (30.47) 3531 (BD.64)
p-valua' p=0.6903 p=0.0863

Source: study report page 112

L atency to Persistent Sleep

Note that the sponsor’s prespecified multiplicity adjustment approach does not permit testing
Latency to Persistent Sleep or at least not making any claims of significance for LPS. Latency to
Persistent Sleep (LPS) at baseline, Night 1, Night 15, Night 29, Night 57, Night 85, and the
average of Nights 1, 15, 29, 57, and 85 using the Observed Cases data in the ITT Analysis Set is
summarized in Table 31.

At baseline, the geometric mean LPS was moderately lower in the doxepin 3 mg group.
Statistically significant decreases in LPS were not observed at any timepoint in either

doxepin group compared with placebo.

Latency to Persistent sleep for the average of Nights 1, 15, 29, 57, and 85 was not statistically
significant compared with placebo for either doxepin group.
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Table 31 Study 503: LPSover Timein ITT population (Sponsor’s Results)

Mean (5D}

4002734

454 (25.25)

. Flacebo Doxepin 1 mg Doxepin 3 mg
LPS (minutes) (N=81) (N=7T) (N=82)
Baseline (hean of Mights -6 and -3) =21 n=77 n=82

41.9 (22.65)

Mean (5D}
Median (Fange)
Geometric LS Mean!

p-value’

32.0 (25.83)
31.6 (3.6-125.8)
209

10.6 (27.46)
30.3 (3.5-137.0)
320
p=0.2688

Median (Range) 470(12.8-149.00 | 38.0(135-117.5) 3B3(113-107.8)
Geometmic Mean (5D 419 303 338
Night 1 {Visit 3) n=81 n=77 n=42
Mean (5D) 30.6(20.28) 38.8(29.58) 28.6 (20.53)
Median (Range) 31.0(3.0-119.5) 205401753 22.8{3.5-136.00
Geometic LS Mean' 274 291 23.1
p-vahue® p=0.5733 p=0.1079
Night 15 (Visit 4) =72 n=74 n=20
Mean (5D) 451 (39600 440 (53.24) 40.2 (37.86)
Median (Range) 31.3(1.5-173.3) 303 (7.0-364.5) 205 (4.0-225.5)
Geometic LS Mean' 30.2 311 30.9
p-value’ p=0.8046 p=0.8388
Night 29 (Visit 3) n=73 =74 n=77
Mean (5D) 30104238 492 (51.23) 39.6 (40.01)
Median (Range) 263 (1.5-203.5) 318 (35-231.00 24.5(1.5-245.00
Geometric LS Mean' 241 304 264
p-value p=0.1268 p=0.5422
Night 57 (Visit 6) n=71 n=71 =73
Mean (SD) 30.8021.61) 3T.0(28.53) 35.2(24.68)
Median (Range) 250 (2.5-96.5) 3200201225 205 (1.5-139.00
Geometric LS Mean' 224 287 283
p-value® p=0.1870 p=0.0522
Night 85 (Vizt 7) n=70 n=69 n=T74
Mean (SD) 34.0(32.96) 20.0 (2645 37503274
Median (Range) 25.3(1.5-145.5) 225(1.53-127.0) 2683 {3.5-182.00
Geometric LS Mean' 209 19.6 29.0
p-vahue® p=0.6493 p=0.0285
Average of Nights 1, 15, 20, 57 & 85 n=81 n=77 n=42

36.2(24.13)
31.7(2.8-185.5)
321

p=0.4032

! Analysis was performed on log-transformed data. If the value was zero, log

Geometric means wers converted to orginal scale by taking the anfti-log.

-

Rkl
(023

minutes) was used.

p-value comparing each active treatment versus placebo was determined from an ANCOVA mode] that

nchided mam effects for treatment and center with the baseline value as 2 covanate using a linear

contrast.

Source: page 100 of sponsor’s study report

The sponsor’s results for Sleep Efficiency in the 8" hour of the night are shown in Table 32.
They found that both Doxepin group’s average differences from placebo were nominally
significant on Night 1.
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Table 32 Study 503: SE in Hour 8 at Baseline, Night 1: ITT Analysis Set

. emen s Placebo Dioxepin 1 mg Doxepin 3 mg
Sleep Efficiency (%4) in Hour § ~¥=s1) N=77) (N=82)
Bazeline (Mesn of Mights -6 and -5) n=§1 n=7T7 n=§2
Mean (SIN §2.8 (21.00) 503 (25.47) 604 (19.69)
Median (Fange) G658 (5.4-002) G6.3 (1.3-98.3) 80.2 (96047
Night 1 {Visit 3) n=31 n=7T7 n=82
Mean (SIN 0.0 (31.10) 584 (26.77) TE5 (2051
Medizn (Fange) 66.7 (0.0-99.2) T5.8 (0.0-100.00 82.9 (0010000
Ddff. of LS Mean (Std. Em.) 0.6 (4.12) 174 (4.05)
95% CLof LS Mean Diff. (14,17.7) 9.4,253)
p-value' p=0.0211 p=0.0001

Source: Study report page 96

Number of Awakenings After Sleep Onset

Number of Awakenings After Sleep Onset at baseline and Night 1 using the ITT

Analysis Set are summarized in Table 33. At baseline, the mean NAASO was similar across the
treatment groups. Statistically significant improvements in the mean NAASO were not observed
at any timepoint in either doxepin group compared with placebo.

Table 33 Study 503: Number of Awakenings after Sleep Onset in ITT population

. Placebo Doxepin 1 m Doxepin 3 m
NAASO N=31) [’."EI=T'."] : {315':32} :
Baseline (Mean of Mights -6 and -3) n=&1 =77 n=§2
Waan (3D} 13.6(4.75) 124 (4.82) 133 (4.26)
Meadian (Fange) 13.5 (4.0-26.0) 13.5 (6.5-27.5) 13.0(5.5-25.5)
Might 1 (Visit 3) n=51 =TT =02
Meaan (3D 13.2 (5.48) 143 (6.44) 14.0 {6.19)
Madian (Range) 110 (3.0-28.0) 13.0 (3.0-36.0) 14.0(3.0-34.0
p-valae' p=0.510%8 p=0.2930

p-value comparing each active treatment versus placebo was determined from an ANCOVA model that
included main effects for treatment and center with the baseline value as a covariate using a linear
contrast.

3.1.5.4 Reviewer’'s Comments

Recall from section 3.1.5.1 that the sponsor prespecified the following testing hierarchy in an
attempt to control the experimentwise type I error at 0.05:

* WASO at Visit 3

* WASO at Visit 5

* WASO at Visit 7

* sTST at Visit 3

* LPS at Visit 3

* SE in Hour 8 at Visit 3

There was no missing data for the primary analysis of objective WASO at Visit 3.
This reviewer verified the sponsor’s primary analyses of the objective WASO. This was based
on an observed cases analysis, i.e., with no imputation for missing data. The result was still
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significant if missing data were imputed using either a) BOCF (baseline carried forward) or b)
LOCF(last observation carried forward). The results of various imputations for missing data are
summarized in Table 34.

The 1 mg group average difference from placebo in terms of the objective WASO did not reach
nominal significance at nights 57, 29, or 15 but did at nights 85 and 1. The statistical significance
conclusions for 1 mg were unchanged by LOCF or BOCF imputations for missing data.

Table 34 Study 503: Comparison of Resultsfrom various | mputation M ethodsfor Missing objective WASO

data
PLACEBO 1 MG 3 MG
Pop Night | N MEAN MEAN | LS MEAN | p- N MEAN | LS MEAN p-
(S.D.) (S.D.) (S.E) value (S.D.) (S.E.) value
Difference Difference
from from
placebo placebo
oC Baseline 81 119.5 77 120.1 0.9 0.867 117.9 -1.2 0.821
(37.7) (35.0) (5.4) 82 (28 1) (5.3)
1 81 108.9 77 91.8 -17.8 0.0053 74.5 -33.8 <0.0001
(46.0) (47.1) (6.3) 82 (379) (6.2)
15 78 107.1 74 100.8 -8.5 0.1945 91.0 -17.4 0.0069
(41.1) (46.2) (6.3) 80 (46.7) (6.4)
29 75 104.6 74 96.4 -10.8 0.0878 84.3 -22.1 0.0005
(53.5) (45.3) (6.3) 77 (40 9) (6.3)
57 71 100.8 71 94.0 -8.5 0.1662 83.0 -18.3 0.0029
(42.1) (38.7) (6.1) 75 (425) (6.0)
85 70 109.2 69 97.0 -14.6 0.0330 75.7 -33.2 <0.0001
(50.8) (44.2) (6.8) 74 (375) (6.7)
LOCF 15 81 107.5 77 99.9 -8.0 0.209 90.2 -16.8 0.008
(42.2) (46.0) (6.4) 82 (46.6) (6.3)
29 81 105.0 77 95.7 -10.0 0.121 87.5 -16.9 0.008
(53.4) (45.1) (6.4) 82 (45 1) (6.3)
57 81 101.4 77 93.1 -8.5 0.155 86.1 -14.5 0.015
(42.4) (39.5) (6.0) 82 (46 3) (5.9)
85 81 107.4 77 95.0 -13.0 0.046 79.7 -26.5 <0.001
(50.0) (44.3) (6.5) 82 (42 5) (6.4)
BOCF 15 81 109.5 77 101.4 -8.8 0.167 91.5 -17.5 0.005
(45.7) (45.9) (6.3) 82 (46 3) (6.2)
29 81 107.3 77 97.2 -11.1 0.071 86.4 -20.5 0.001
(56.0) (45.1) (6.1) 82 (40.8) (6.0)
57 81 105.6 77 95.6 -104 0.073 85.2 -19.8 0.001
(46.3) (39.0) (5.8) 82 (419) (5.7)
85 81 112.6 77 97.9 -15.3 0.015 78.7 -32.9 <0.001
(52.2) (43.5) (6.3) 82 (375) (6.2)

Another approach to assessing the impact of missing data on the results is a mixed model for
repeated measures. The analysis of this model agreed with the other three methods considered
here. Therefore, it seems relatively unlikely that the dropouts (11 placebo, 8 Doxepin 1 mg, and
8 Doxepin 3 mg) would alter the results if their data was complete.

Objective L atency to Persistent Sleep

Note that at Night 85 (the final visit) the 3 mg group was nominally significantly worse than the
placebo group in terms of the LPS (p=0.0286). At night 85, 14% of placebo and 10% of 3 mg
had dropped out of the study. However, the same conclusion was also reached using either
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LOCF or BOCF imputations for missing data. There were no nominally significant differences
favoring 3 mg over placebo in terms of LPS.

Table 35 Study 503: Objective Latency to Persistent Sleep by Night for OC and ITT-LOCF analyses

POP- TIME PLACEBO 1 MG 3IMG
ULATION N | MEAN | GEO- N | MEAN [ GEO- p-value | N MEAN | GEO- p-value
of Log | METRIC of Log | METRIC | for diff of Log | METRIC | for diff
LSO MEAN LSO MEAN of | from LSO MEAN from
(S.D.) | of LSO (S.D.) LSO placebo (S.D.) | of LSO placebo
0oC Night 339 297 342 30.6 0.5733 3.14 231 0.1079
81 | (0.82) 77 | (0.70) 82 0.67)
Night 15 343 30.9 343 30.8 0.8046 335 286 0.8388
78 | (0.94) 74 | (0.78) 80 | (0.84)
Night 30 324 254 346 317 0.1268 326 26.0 0.5422
75 | (1.00) 74 | (0.95) 77 | (0.96)
Night 57 3.14 23.2 3.28 26.7 0.1870 3.32 27.7 0.0522
71 | (0.82) 71 | (0.89) 75 | (0.76)
Night 85 3.10 22.2 3.01 20.4 0.6493 3.31 27.4 0.0286
70 | (1.03) 69 | (0.92) 74 | 0.8D)
LOCF Night 15 342 30.6 342 30.6 0.7847 335 285 0.7795
81 | (0.96) 77 | (0.80) 82 (0.83)
Night 30 326 26.0 345 314 0.1345 328 26.6 0.4453
81 | (1.00) 77 | (0.96) 82 (0.96)
Night 57 320 246 334 281 02116 335 284 0.0822
81 | (0.84) 77 | (0.94) 82 | (0.76)
Night 85 3.15 23.4 3.06 21.4 0.7092 3.34 28.2 0.0386
81 | (1.02) 77 | (0.98) 82 | (0.81)

Subjective WASO

The difference between 3 mg and placebo on Subjective WASO was significant at night 85
(p=0.0153) but not at nights 57, 15, or 1. Also, the 3 mg vs. placebo difference on the subjective
total sleep time, which the sponsor prefers over subjective WASO and which they specified as
key secondary, was not significant at night 85, 57, 15, or 1.

Table 36 summarizes the analyses of subjective WASO by night for observed cases as well as for
ITT with LOCF imputation for dropouts that had some post-baseline subjective WASO data.
There was just one case in which the significance conclusion was different for observed cases
and LOCEF analyses (Night 29, 6 mg vs. placebo: OC p=0.0296; LOCF p=0.0705). Therefore, for
the most part, it appears relatively unlikely that the dropouts missing data would impact the
results of the observed cases analyses if it was available.

53




Table 36 Study 503: Comparison of Observed Caseand ITT-LOCF resultsfor subjective WASO by Night

PLACEBO 1 MG 3IMG
Night | N MEAN | N MEAN LS MEAN p- N MEAN LS MEAN p-
(S.D.) (S.D.) (S.E.) value (S.D.) (S.E.) value
Difference Difference
from from
placebo placebo
OoC Night 78 89.0 74 84.4 -1.9 0.8497 62.1 -19.2 0.0561
1 (66.0) (80.6) (10.2) 82 (62.7) (10.0)
Night 76 87.8 72 | 867 17 0.8571 67.9 -16.7 0.0729
15 (61.4) (61.8) (9.4) 78 (64.7) (9.3)
Night 75 926 73| 735 194 0.0531 68.0 217 0.0296
29 (74.6) (68.2) (10.0) 77 (49.3) (9.9)
Night 69 78.0 70 | 781 34 0.7417 625 5.9 0.5627
57 (64.2) (75.9) (10.2) 74 (47.9) (10.1)
Night 69 88.6 6 | 579 297 0.0037 56.7 245 0.0153
85 (62.9) 61.1) (10.1) 74 (64.3) (10.0)
LOCF | Night 80 885 77 | 848 0.7 0.9360 682 148 0.1051
15 (60.6) (60.8) (9.2) 82 (63.8) (9.1)
Night 81 917 77 | 715 171 0.0763 692 172 0.0705
29 (72.8) 67.2) (9.6) 82 (49.7) (9.5)
Night 81 814 77 | 771 0.9 0.9284 65.0 -10.4 0.3005
57 (71.8) (74.5) (10.1) 82 (48.5) (10.0)
Night 81 86.2 77 | 596 235 0.0128 504 214 0.0215
35 (60.5) (60.4) (9.4) 82 (63.5) (9.3)

Note: A few patients had their first sSWASO measurement at night 16 which explains how the sample size
for LOCF at night 16 can be greater than for OC at Night 1

Subjective Total Sleep Time

Subjective Total Sleep Time (sTST) was specified as the key secondary endpoint in the hierarchy
of secondary endpoints. The difference between 3 mg and placebo on sTST was not statistically
significant at the first timepoint, Night 1. Therefore, according to the sponsor’s prespecified
testing hierarchy, testing cannot proceed to the LPS or sleep efficiency endpoints. Even if LPS
could be tested, since the comparison on LPS was not statistically significant at Night 1 and it
was before Sleep Efficiency in the hierarchy, again, the Sleep Efficiency results can not be tested
or considered statistically significant after adjusting for multiple comparisons.

Summary of Results and Multiplicity I ssuesfor 1 mg
Strictly speaking, under the prespecified multiplicity adjustment method, in order to strongly
control the experimentwise type I error at 0.05 the 1 mg dose hypotheses should not be tested
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because there were hypotheses involving the 3 mg dose that were higher in the hierarchy that
were not significant. If we were to do so anyways for exploratory purposes, we would find that
testing would stop after the second test, objective WASO at Night 29, because this comparison
with placebo was not significant at the 0.05 level. Therefore, the multiplicity adjustment plan
would not permit testing sTST, LPS, or Sleep Efficiency hypotheses for 1 mg. Once again, we
could not even test WASO for 1 mg if we strictly observe that all 3 mg vs. placebo hypotheses
were to be tested first and not all were significant.

Other Secondary Endpoints

The distribution of Wake Time after Sleep (WTAS) is very asymmetric (skewed). Most values
are 0 minutes, e.g., overall 60% were 0 on Night 1, but some extend far above 0. Therefore,
because of the highly non-normal distribution of WTAS the ANCOVA analysis used for the
other endpoints is not very appropriate or reliable for WTAS. This reviewer investigated
Wilcoxon rank sum tests comparing the sums of the ranks of the WTAS values between the
groups as well as logistic regression models comparing the odds of the WTAS being greater than
0 between the groups. The results are shown in Table 21. The p-values from the logistic regression
are not shown but they were close to the Wilcoxon p-values and did not lead to any different
significance conclusions.

Table 37 Study 503: Wake Time After Sleep by Night (OC)

PLACEBO 1 MG 3 MG
Difference | Wilcoxon Difference | Wilcoxon
NIGHT N MEAN N MEAN from rank sum N MEAN from rank sum
(S.D.) (S.D.) Placebo test vs. (S.D.) Placebo test vs.
LSMEAN Placebo LSMEAN Placebo
(S.E.) p-value (S.E.) p-value
Baseline 81 10.1 77 9.7 0.1 0.5108 82 9.8 0.3 0.8795
(15.0) (16.3) (2.5) (15.3) (2.5)
NIGHT 1 81 10.7 77 8.9 -1.4 0.7082 82 4.7 -5.7 0 1405
(22.6) (18.8) (3.0) (14.6) (2.9)
NIGHT 78 14.1 74 13.2 -0.4 0.2818 80 8.6 -4.9 02782
15 (26.6) (21.2) (3.7) (21.3) (3.6)
NIGHT 75 13.3 74 11.0 -2.1 0.7503 77 6.7 -6.1 0.0341
29 (24.0) (19.6) (3.2) (19.9) (3.2)
NIGHT 71 9.9 71 9.5 -0.3 0.8624 75 7.2 -3.2 0.6482
57 (21.3) (18.4) (3.0) (16.0) (3.0)
NIGHT 70 12.2 69 10.8 -1.5 0.4520 74 5.4 -7.2 01077
85 (21.7) (21.8) (3.3) (13.2) (3.2)

There was no significant difference between Doxepin 3 mg and placebo on the objective number
of awakenings after sleep onset (NAASO) at night 1 (3 mg vs. placebo p=0.2930) or night 85
(p=0.1135) (or nights 29 or 57). This, together with the @@ results, may raise questions about
the sponsor’s claim of an effect towards @@ which they based
on the sleep efficiency endpoint results.
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3.1.6 Study 509

Title: A Phase 111, Randomized, Double-Blind, Placebo-Controlled, Parallel-Group, Multicenter,
Outpatient Study to Assess the Efficacy And Safety of Doxepin Hcl in Elderly Patients with
Primary Sleep Maintenance Insomnia

The first subject was enrolled on 20 January 2006 and the last subject completed on 11
September 2006. All Investigators in this study were based in the United States.

3.1.6.1 Study Design and Statistical M ethods

Objectives

Primary Objective: To evaluate the efficacy of doxepin HCI (doxepin) 6 mg relative to placebo
when administered nightly for up to four weeks in elderly subjects with primary sleep
maintenance insomnia.

Secondary Objective: To evaluate the safety of doxepin 6 mg relative to placebo when
administered nightly for up to four weeks in elderly subjects with primary sleep maintenance
insomnia.

Final Protocol Amendment (dated Feb 13, 2006)

Eligible patients will be randomly assigned to one of the following dose groups in a 1:1 ratio:
* doxepin HCI 6 mg; or
* placebo.

Primary Efficacy Endpoint

The primary efficacy variable is sSTST at Week 1. The null hypothesis to be tested is that the
sTST values for the two treatments are equal. The alternative hypothesis is that the sTST values
are different for doxepin HCl 6 mg compared to placebo. Hypothesis tests for the comparison of
doxepin HCI at 6 mg versus placebo will be analyzed using an analysis of covariance
(ANCOVA) model that includes the main effects for treatment and center with the baseline sTST
as a covariate. Baseline sTST is defined as the mean sTST from the nights that the patient self-
administered the placebo during the Placebo Lead-In Period.

If the data are inconsistent with the assumptions of ANCOVA, an appropriate transformation of
the data may be performed or appropriate non-parametric tests will be used to evaluate the
differences between treatment groups.

Secondary Efficacy Endpoints

Continuous secondary efficacy variables (LSO, sNAASO, sWASO, ISI and the Clinical Global
Impressions assessed by the clinician for severity of illness) will be analyzed using the same
methods used to compare the sTST values using an ANCOVA model as appropriate.

LSO is expected to be log-normally distributed and will be transformed prior to analysis by
taking the natural logarithm. The log-transformation will be performed after averaging values
56



reported via the IVRS from the nights that the patient self-administered study drug for the week.
Any values of zero will be set to 0.25 minutes to permit calculation of the log-transformation.

Sensitivity analyses using methods to impute missing data will also be performed.

Missing weekly averages will be imputed using both the last observation carried forward
(LOCF) and the baseline observation carried forward (BOCF) methods. The last nonmissing
weekly average will be carried forward for the LOCF method and the baseline weekly average
will be carried forward for the BOCF method. These sensitivity analyses will be performed for
sTST, LSO, and sWASO at Weeks 1, 2, 3, and 4 using the ITT analysis set.

Sample Size Determination

Approximately 240 patients will be randomized. The sample size for this study was based on
results of Study SP-0402, a phase II cross-over study conducted in 76 elderly patients with
primary sleep maintenance insomnia. Results from the ITT analysis set in this study showed that
the mean difference in sTST between the doxepin HCI 6 mg and placebo groups was 31 minutes,
with an estimated pooled standard deviation of 68 minutes. Using these estimates, 120 subjects
per arm provides greater than 90% power to detect a difference in sTST between the doxepin
HCI 6 mg and placebo groups of at least 30 minutes, using a two-sided two-sample t-test at the
5% level of significance.

3.1.6.2 Patient Disposition

A summary of disposition for all randomized subjects is provided in Table 38. A total of 525
subjects were screened for this study. Of the 255 randomized subjects, 254 subjects received
double-blind study drug and were included in the Safety Analysis Set. Overall, 237 subjects
(93%) completed the study. Of the 18 subjects (7%) who withdrew from the study, one subject
discontinued after randomization but before taking a dose of double-blind study drug. Two
subjects withdrew from the study due to an AE. One subject in the doxepin 6 mg group withdrew
from the study due to hypoacusis of the left ear and tinnitus. The most frequently reported reason
for discontinuation in both treatment groups was consent withdrawn (6% in the placebo group
and 3% in the doxepin 6 mg group).
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Table 38 Study 509: Patient Disposition, All Randomized Patients

Disposition

Completed the Study
Withdrew from the Study
Adverse Event

Protocol Violation
Noncompliance

Consent Withdrawn

Lost to Follow-up

Death

Other

3.1.6.3 Basdline Demographics

Placebo
(N=125)
n (%)
113 (90%)
12 (10%)
1 (1%)
1 (1%)
2 (2%)
8 (6%)
0 (0%)
0 (0%)
0 (0%)

Doxepin 6 mg
(N=130)
n (%)
124 (95%)
6 (5%)

1 (1%)

1 (1%)
0 (0%)
4 (3%)
0 (0%)
0 (0%)
0 (0%)

Total
(N=255)
n (%)
237 (93%)
18 (7%)
2 (1%)
2 (1%)
2 (1%)
12 (5%)
0 (0%)
0 (0%)
0 (0%)

Demographic and other baseline characteristics, summarized by treatment group in Table 39,
were similar between treatment groups. The study population was female (65%) and male (35%).
The mean age was 72.5 years. Subjects were White (87%), Black/African American (7%),
Hispanic (3%), Asian (2%), and Other (1%).

58



Table 39 Study 509: Demogr aphic and other baseline characteristics, Safety Set

Varble ey et )
Age (vears)
Mzan (5D 72.5(5.89) 724 (5.95) 725 (5.89)
Madian (Fangz) 710 (54-90) 715 (64-51) TLO (581
Sex [m (%]
Male 48 30 42 (32%) B0 (35%5)
Femals TE(E1%) 58 (55%) 162 (£5%)
Race/Ethnicity [n (04)]
White 108 (57%) 114 (38%) 12 (37
Black/African Americen T (6% 10 (3%) 17 (7%)
Hizpamic 545 (%) (3%
Asian 1% ETis 302%)
Criher 1 T(i] 141
Weight (kg) =113 =13 =253
Mzan (5D 771 {16.49) 774 (15.53) 77121607
Madian (Fangs) TES (4133 758 (26135 6.3 (36-139)
Height (cm) w14 =130 =154
Maamn (50} 166.3 {10.20) 1654 (273) 165.8 {950
Madian (Fange) 1551 {142.3-200.00 | 1631 {(147.3-190.5) | 165.1{1422-201.0
BMI (kg'm’) =113 =13 =253
Mzan (5D 2775.02) 282 (494 180 (497)
Madian (Fange) T1080-503 | we0eT-439 277 (18.0-503)

3.1.6.4 Sponsor’s Results

Primary Efficacy Variable— Subjective Total Sleep Time (STST) at Week 1

A total of 32 of the 34 study centers randomized subjects into the study. Of these, data from 12
centers (06, 53, 61, 64, 66, 74, 75, 79, 80, 83, 85, and 87) with low enrollment (i.e., less than five
subjects in the ITT Analysis Set) were pooled to form one pseudo-center, as described in the
SAP.

The primary efficacy variable was sTST at Week 1.

A summary of the primary efficacy variable, sTST, at baseline and at Week 1 by treatment group
using the ITT Analysis Set is provided in Table 40. At baseline, the mean sTST values were
slightly higher in the placebo group (293.5 minutes) than in the doxepin 6 mg group (283.1
minutes). At Week 1, there was a statistically significant increase (p<0.0001) in the mean sTST
value for doxepin 6 mg compared with placebo. The LS mean sTST value was 28.6 minutes
longer in the doxepin 6 mg group compared with the placebo group. An additional sensitivity
analysis was performed on a subset of the ITT Analysis Set that excluded site 04, which
incorrectly instructed subjects to round the IVRS data during the Placebo Lead-in Period to the
nearest 15 minutes. Similar results were observed using the PP Analysis Set and sensitivity
analyses.
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Table40 Study 509: Primary Efficacy Variable— Subjective Total Sleep Time—at Baselineand Week 1: ITT

Analysis Set
. Placebo Doxepin § mg
T5T te =
sTST (minutes) N=114) (N=130)
Baseline' =124 =130

Miean (SIN)
Median (Fange)

203.5 (49.09)

3000 (107.1-385.T)

2E3.1 (40.26)
188.2(158.6-377.1)

Weel: 1'

MMean (5D

Medizn (Fange)

Difference of LS Mean (Std. Emr)
2582 CI of LS Mean Difference

1=122
316.7(36.22)

318.9 (156.0-458.6)

n=122
3352 (61.200

3364 (201.2475T)

p-i‘aluei p=0.0001
Weel: 2' n=118 n=127
Mean (50N 3252 (34.28) 3323 (84.63)
Median (Fange) 3346 (192.0—282.00 335.0(175.7497.1)
Difference of LS Mean (Std. Err) 14.2 (5.61)
058 CT of LS Mean Diffarence (3.1, 25.2
p-valhe? p=0.0121
Weel 3' n=114 n=125
Mean (SIN 3317 (60.8T) 341.4 (62.06)
Median (Fange) 336.2 (18144751 3343 (216.4479.3)
Difference of LS Mean (Std. Err) 18.2 (5.09)
0358 CT of LS Mean Difference (6.2, 30.2)
]:n-'ca]ue" p=0.0031
Weel 4' n=100 =122
Mean (5D 3364 (64.71) 346.1 (8644
Madian (Range) 3430 (153824823 341.8 (201.4496.3)
Difference of LS Mean (Std. Em.) 21.1 (6.63)
5% CT of LS Mean Difference (3.0, 34.1)
p-value® p=0.0017
Averaze Across Weels 1 Through 4 n=10& =122
Mean (5D 3305 (34.02) 338.9 (3E.8B)
Madizn (Range) 337.5 (182.1—2488.8) 333.5 (226.7463.7)
Difference of LS Mean (Std. Ermr.) 18.3 (5.34)
95% CT of LS Mean Differenca (7.8, 28.9)
p-value? p=0.0007

Wotes: Valwes of sTST =12 hours were excluded from the analysis.

Baseline was the mean of the IVES values reported during the Placebo Lead-in Pertod Weaks 1, I3,
and 4 were defined as the mean of the IVES reported values between smdy visits during the treatment
period

* Average across Weeks 1 through 4 was calonlated as the sverage of all non-missing TVERS entries if at
lazst four obsarvations were available at each week.
p-value comparing westments was defermined from sn ANCOVA model that included mzin affects for
eament and center with the baseline value as a covariate.

Latency to Sleep Onset at Week 1

The key secondary efficacy variable was subjective Latency to Sleep Onset (LSO) during Week
1. A summary of LSO at baseline and Week 1 by treatment group using the ITT Analysis Set is
provided in Table 41 . At baseline, the LSO values were slightly lower in the placebo group. The
geometric LS mean LSO at Week 1 in the doxepin 6 mg group was not statistically significantly
different than placebo (p=0.1547). Similar results were observed using the PP Analysis Set and
sensitivity analyses.

Numerical decreases in LSO from baseline were observed throughout the treatment period in the
doxepin 6 mg group and the placebo group. There were no statistically significant differences
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between the two treatment groups at any noted timepoint using the ITT Analysis Set. Similar
results were observed using the PP Analysis Set, as well as with the sensitivity analyses.

Table 41 Study 509: L atency to Sleep Onset by Week: ITT Analysis Set (OC)

LSO (minutes) Rfﬂ"“; D“?;';ifag}"’g
Bazeline' n=124 n=130
Mean (3D} 713378 851 (4553
Crzometric hean 69.5 753
Median (Range) 68,5 (229-2450) T2.7(25.0-2464)
Weel 17 n=122 n=12%
Mean (5D 68.0 (41.68) 67.0(33.28)
Crzometric Mean 59.1 589
Median (Fange) 386 (17.0-287.1) 614 (144-1553)
Geometric LS Mean® 60.1 358
LS mean ratio 0.8
95% CI of LS mean ratio (0.8, 1.0
p-value® p=0.1547
Weel 2° n=118 n=127
Mean (5D 5902919 69.7 (4550
Crzometric Mean 522 58.1
Median (Fange) 55.6(12.1-1614) 56.4 (10.7-295.7)
Geometric LS Mean’ 533 55.5
LS mean ratio 1.0
95% CI of LS mean ratio (0.9, 1.2
p-value® p=0.4884
Weel 3° n=114 n=125
Mean (5D 60.7 (3453 65.3 (43.68)
Crzometric Mean 521 534
Median (Fange) 536 (15.8-190.0) 540(11.3-268.0)
Geometric LS Mean® 523 458
LS mean ratio 1.0
95% CI of LS mean ratio (0.8, 1.1)
p-value® p=0.4635
LSO (minutes) Ri‘i‘;‘:‘; D”g‘:ﬂg}mg
Weals 4° n=10% n=121
Mean (5D} 57.5 (35.00) 632 (42.40)
eometric Mean 49 0 sl4
Median (Fange) Fl4(1le-216.0) F5.7(7.5-300.00
CGeometric LS Mean® 508 494
LS mean ratio 1o
95% CI of LS mean ratio (0E 1.1
p-valus” p=0.6629
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3.1.6.5 Reviewer’'s Results

This reviewer verified the sponsor’s analyses of subjective TST and WASO. Table 42 shows the
results for Observed Cases (the primary analysis population) as well as analyses using LOCF
imputation of missing data for patients that dropped out. The Doxepin 6 mg group was
significantly reduced in terms of the subjective WASO over each week. The consistency of the
p-values for the OC and LOCF analyses suggests that it is not likely that the missing data has

biased the OC results.

Table 42 Study 509: Subjective WASO analysesfor OC and I TT-LOCF populations by Week

PLACEBO 6 MG 6 MG VS. PLACEBO
POP TIME N Mean N Mean Difference p-value
(S.D.) (S.D.) LS Mean
(S.E.)
oC Baseline 125 111.3 130 116.5 5.9 0.3313
(47.1) (49.1) (6.0)
Week 1 122 97.4 129 79.1 222 <0.0001
(50.2) (49.0) (4.8)
Week 2 118 85.1 127 75.9 -12.6 0.0145
(50.4) (47.0) (5.1)
Week 3 114 82.4 125 70.4 -15.8 0.0016
(49.7) (46.8) (4.9
Week 4 108 78.9 122 66.5 -16.8 0.0026
(56.5) (43.9) (5.5)
LOCF Week 2 122 86.2 129 75.9 -13.8 0.0071
(50.3) (47.0) (5.1)
Week 3 122 85.0 129 71.2 -17.8 0.0004
(50.7) (46.9) (4.9
Week 4 122 83.7 129 67.8 -19.1 0.0003
(56.2) (43.9) (5.3)

This reviewer also verified the sponsor’s analyses of subjective Latency to Sleep Onset. Table 43
shows the results for Observed Cases (the primary analysis population) as well as analyses using
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LOCF imputation of missing data for patients that dropped out. Differences in LSO were not
statistically significant at any week. The consistency of the p-values for the OC and LOCF
analyses suggests that it is not likely that the missing data has biased the OC results.

Table 43 Study 509: Subjective L SO analysesfor OC and I TT-LOCF populations by Week

PLACEBO 6 MG
POP TIME N Mean Geometric N Mean Geometric | 6 MG vs.
(S.D.) Mean (S.D.) Mean placebo
p-value
oC Baseline 125 4.24 69.3 130 4.32 75.3 0.1244
(0.46) (0.49)
Week 1 122 4.08 59.1 129 4.08 58.9 0.1547
(0.51) (0.52)
Week 2 118 3.96 52.2 127 4.06 58.1 0.4884
(0.51) (0.61)
Week 3 114 3.95 52.1 125 3.98 534 0.4635
(0.56) (0.64)
Week 4 109 3.89 49.0 122 3.94 514 0.6629
(0.58) (0.67)
LOCF Week 2 122 3.96 52.6 129 4.07 58.6 0.4790
(0.53) (0.61)
Week 3 122 3.97 53.2 129 3.99 54.0 0.3596
(0.58) (0.65)
Week 4 122 3.93 50.8 129 3.96 52.6 0.5440
(0.60) (0.68)

Other Endpoints

There was no significant difference between Doxepin 6 mg and placebo on the subjective
number of awakenings after sleep onset (NAASO) for any week, e.g., week 1 (p=0.1025), week
4 (p=0.9175). This may raise questions about the sponsor’s claim of an effect towards b

3.2 Evaluation of Safety
Please see the medical review for the Evaluation of Safety.

4  FINDINGS IN SPECIAL/SUBGROUP POPULATIONS

4.1 Gender, Raceand Age

Note that in the following tables p-values are provided to give an idea of the size of the observed
differences; however, the p-values should be viewed as exploratory and they have not been
adjusted for multiplicity.
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4.1.1 Gender

In study 501, 73% of randomized patients were female and 27% were male.

A statistical test for a differential effect of treatment depending on gender was not significant
p=0.285 and both groups’ differences from placebo on WASO reached the nominal significance
level.

Table 44 Study 501: Gender Subgroup Analyses of Objective WASO on Night 1

TREAT MALE FEMALE ALL
GROUP N BL Mean p- N BL Mean p- N Mean
MEAN value MEAN value

(SD) (SD)
P 22 80.77 83.41 - 50 80.77 59.33 N 72 66.7
(44.37) (63.28) (44.37) (42.02) (50.5)
3 17 69.78 37.59 <0.001 58 67.16 4255 0.001 75 414
(35.11) (31.43) (33.38) (31.72) (32.3)
6 21 78.31 45_.86 0.001 52 59.60 32.41 <0.001 73 36.3
(38.16) (27.08) (29.75) (24.98) (26.1)
Interaction test p= 0.285

In study 503, 70% of randomized patients were female and 30% were male.

A statistical test for a differential effect of treatment depending on gender was not significant
p=0.7628 and both groups’ differences from placebo on WASO reached the nominal significance
level except for males on 1mg, but this may be due to the lower power.

Table 45 Study 503: Gender Subgroup Analyses of Objective WASO on Night 1

TREAT MALE FEMALE ALL
GROUP N BL Mean p- N BL Mean p- N Mean
MEAN value MEAN value
(SD) (SD)
P 33 129.9 122.5 - 48 129.9 99.5 - 81 108.9
(44.4) (46.2) (44.4) (43.9) (45.7)
1 27 129.6 109.8 0.168 50 114.9 82.0 0.021 77 91.7
(36.4) (51.2) (33.4) (42.1) (46.4)
3 25 124.3 92.4 0.017 57 115.1 66.6 <0.001 | 82 74.5
(23.9) (41.2) (29.6) (33.8) (36.9)
Interaction test p= 0.7628

In study 509, 65% of randomized patients were female and 35% were male.

A statistical test for a differential effect of treatment depending on gender was not significant
p=0.7689 and in both gender groups the 6 mg group difference from placebo on WASO reached
the nominal significance level.

Table 46 Study 509: Gender Subgroup Analyses of Subjective WASO over Week 1

TREAT MALE FEMALE ALL
GROUP N BL Mean p- N BL Mean p- N Mean
MEAN value MEAN value
(Sb) (Sb)
P 47 113.6 99.6 - 75 113.6 96.0 f 122 97.4
44.7) | (54.6) 44.7) | (47.5) (51.0)
6 42 125.3 85.2 0.004 87 112.3 76.1 0.001 129 79.1
(52.3) | (55.0) (47.2) | (45.9) (49.6)
Interaction test p= 0.7689
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Over all randomized patients in the transient insomnia study (502), 55% were female and 45%
were male. A statistical test for a differential effect of treatment depending on gender was not
significant p=0.8458 and in both gender groups the 6 mg group difference from placebo in terms
of LPS reached the nominal significance level.

Table 47 Study 502: Gender Subgroup Analyses of Objective LPSon Night 1

TREAT Male FEMALE ALL

Group N MEAN Geom | Pvalue | N MEAN Geom | Pvalue | N MEAN
Log Mean Log Mean Log
LPS LPS LPS
(SD) (SD) (SD)

P 134 3.0 20.2 | . 148 3.1 21.1 | . 282 3.1
(1.0) (1.0) (1.0)

6 122 2.7 14.5 | 0.004 160 2.7 14.2 | 0.001 282 2.7
1.9 ©.9 ©.9

Interaction test p= 0.8458

4.1.2 Race

In study 501, randomized patients’ ethnicities were White (48%), Black (33%), Hispanic (16%),
and Others (3%). A statistical test for a differential effect of treatment in terms of the objective
WASO, depending on race, was not significant p=0.2968.

Table 48 Study 501: Race Subgroup Analyses of Objective WASO on Night 1

TREAT Hisp Af Amer Cauc Other
Group N | BL Mean | p- N BL Mean | p- N BL Mean | p- N BL Mean | p-
MEAN value MEAN value MEAN value MEAN value
(SD) (SD) (SD) (SD)
3 484|389 |. 24 | 484 712 |. 35 | 484 | 705 |. 2 [ 484 | 995
11 | 228) | (159) (2238) | (61.6) (22.8) | (46.1) 238) | (75.7)
3 633 | 425 | 0627 | 26 | 696 | 399 | <0.001 | 33 | 682 | 424 | 0001 | 1 715() | 31.0 | 0.186
15 | 37.1) | (339) (339) | (27.8) (33.0) | (34.4) 0
6 62.9 | 464 | 0921 | 21 | 682 | 30.8 | <0.001 | 39 | 654 | 360 | <0.001 | 3 441 | 452 | 0356
10 | 268) | (393) “23) | 223) (305) | 4.1) (153) | 264
Interaction test p= 0.2968
In study 503, randomized patients’ ethnicities were White (80%), Black (9%), Hispanic (9%),
and Others (2%). The sample sizes were too small in the non-white ethnicities to allow for any
reliable comparisons of efficacy between different ethnicities. The suggestion that the treatment
effect differs by race is probably due to a large placebo response in the Hispanic and Other
groups. These can likely be attributed to the extra variability of means associated with small
sample sizes rather than to a differential effect of treatment according to ethnicity.
Table 49 Study 503: Race Subgroup Analyses of Objective WASO on Night 1
TREAT Hispanic Black Cauc. Other
Group N | BL Mean | p- N BL Mean | p- N | BL Mean | p- N | BL Mean | p-
MEAN value MEAN value MEAN value MEAN value
(SD) (SD) (SD) (SD)
P 110.3 520 |- 6 1103 | 1102 | . 1103 | 1139 | . 110.3 | 785
4 (2900 | (L1 (29.0) | (42.8) 67 | (29.0) | (45.6) 4 | (29.0) | (39.0)
1 1203 1053 | 0058 | 5 1468 | 126.1 | 0.949 1178 | 86.1 | <0.001 1303 | 1715 | 0.066
8 |1 375 | (50.0) (325) | (68.6) 63 | (347) | (433) 1O 0
3 115.1 688 | 0.626 | 10 | 121.1 | 646 | 0.036 1178 | 768 | <0.001
9 | (169) | (382) (309) | (33.0) 63 | (293) | 38.8) 0
Interaction test p= 0.0111
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Overall in study 509 ethnicities were White (87%), black (7%), Hispanic (3%), Asian (2%), and
Other (1%). A statistical test for a differential effect of treatment in terms of the subjective
WASO, depending on race, was not significant p=0.2078.

Table 50 Study 509:

Race Subgroup Analyses of Subjective WASO over Week 1

GROUP Cauc. GROUP Other ALL
TREAT N BL Mean - N BL Mean p- N Mean
MEAN value MEAN value
(Sb) (Sb)
P 106 113.5 98.7 16 113.5 88.4 122 97.3
(46.2) (50.9) (46.2) (46.0) (51.0)
6 113 116.0 76.7 <0.001 16 119.8 95.9 0.685 129 79.1
(50.4) (48.9) (40.0) (48.0) (49.4)
Interaction test p= 0.2078

In the transient insomnia study (502) ethnicities over all randomized patients were White (50%),
Black (15%), Hispanic (32%) and Other (3%). A statistical test for a differential effect of
treatment in terms of the objective LPS, depending on race, was not significant p=0.7674.

Table 51 Study 502: Race Subgroup Analyses of Objective LPS on Night 1

Hisp. Afr. Ameri Cauc. Other ALL
MEAN N | MEAN MEAN N | MEAN MEAN
TREAT Log Log Log Log Log
Group N | LPS Pvalue LPS Pvalue | N LPS Pvalue LPS Pvalue | N LPS
(SD) (SD) (SD) (SD) (SD)
Geom Geom Geom Geom
Mean Mean Mean Mean
P 3.1 . 2.8 151 | 3.1 5123 282 | 3.0
87 | (1.0) 39 | (1.0) (1.0) (1.5) (1.0)
22.0 16.7 21.6 10.3
6 2.6 0.001 2.5 0.124 | 132 | 2.8 0.01 2.2 0.869 | 282 | 2.7
93 1 (0.9) 45 1 (1.0) 0.9) 12 | (0.6) (0.9
13.8 12.2 16.3 8.7
Interaction test p= 0.7674
4.1.3 Age

Overall, the observed treatment group differences did not appear to depend significantly on
patient age.

In study 501, overall, the mean age was 44.5 and ages ranged from 18 to 65. A statistical test for
a differential effect of treatment in terms of the objective WASO, depending on age, was not
significant p=0.8012.
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Over all randomized patients in the elderly study 503 the average age was 71.4 and ages ranged
from 64 to 93. A statistical test for a differential effect of treatment in terms of the objective
WASO, depending on age, was not significant p=0.4091.

In the elderly study 509, which utilized only subjective measures, overall the average age was
72.5 and ages ranged from 64 to 91.

A statistical test for a differential effect of treatment in terms of the subjective WASO,
depending on age, was not significant p=0.6653.

In the transient insomnia study (502) over all randomized patients the average age was 35.5 and
ages ranged from 25 to 55. A statistical test for a differential effect of treatment in terms of the
subjective LPS, depending on age, was not significant p=0.5360.

4.2 Other Special/Subgroup Populations

4.2.1 Treatment Group Differencesby Site

The following graphs show treatment group mean differences by Site. The size of the plotting
symbol in the graph indicates the relative sample size at a given site compared to the other sites
and the sites are ordered along the horizontal axis from smallest to largest.

The curves on the graph permit roughly judging the nominal significance of the observed center
specific effect (adjusted for sample size) in an exploratory fashion'.

In study 501, 22 sites randomized patients. Site total sample size ranged from 1 to 34; the
average size was 13. For 18 out of the 20 sites that had at least 1 patient per group (6 mg and
placebo) the mean difference in objective WASO between 6 mg and placebo numerically favored
Doxepin 6 mg. The p-value for a test for differential treatment effects by pooled site was 0.083.
This p-value may be driven by the treatment group difference in site 1, which appears to be an
outlier, because the test for interaction p-value increases to 0.378 if site 1 is excluded. Aside
from site 1 the treatment group differences by site were relatively consistent. Among the bigger
sites, siteid’s 13 (Ereshefsky N=15) and 4 (Lankford, N=25) in that order had the biggest
treatment group differences on objective WASO. Excluding site 1 data did not alter the
significance of the treatment group differences in objective WASO on night 1.

' The curves were determined by taking twice the square root of the estimate of the residual error
variance (from the main analysis) and adjusting that according to the group’s sample size within
each site.
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Figure 3 Study 501: 6 mg and Placebo Estimated Night 1 Difference in Objective WASO by Site
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In study 502 (transient insomnia) 6 sites randomized patients. The average total sample size was
141 and sizes ranged from 63 to 216. All 6 sites numerically favored Doxepin 6 mg over placebo
on Night 1 in terms of LPS (Figure 4). The p-value for a test for differential treatment effects by
pooled site was 0.891. Scharf (N=68), the investigator for site 6, had the biggest effect on WASO
but was fourth biggest out of six on the latency to persistent sleep (LSP) endpoint. Site 3, Dr.
Hull (N=135) was largest on LPS and second largest on WASO. However, excluding site 3 did
not alter the significance of the treatment difference.
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Figure 4 Study 502: 6 mg and Placebo Estimated Night 1 Difference in Objective Log (L PS) by Site
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In study 503, in the elderly, 31 sites randomized patients. Site total sample size ranged from 1 to
37; the average size was 10. For 13 out of the 21 sites that had at least 1 patient per group (3 mg
and placebo) the mean difference in objective WASO between 3 mg and placebo numerically
favored Doxepin 3 mg. The p-value for a test for differential treatment effects by pooled site was
0.543. Site 6 (Scharf) had the biggest effect on WASO. Site 1(Corser N=15), 25 (Orr N=13), and
32(Gottfried, N=16) also had big effects in that order. Excluding these sites individually did not
alter the significance of the treatment group differences in objective WASO on Night 1.
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Figure5 Study 503: 3 mg and Placebo Estimated Night 1 Differencein Objective WASO by Site
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In the elderly study which had subjective measures only (study 509), 32 sites randomized
patients. Site total sample size ranged from 0 to 42; the average size was 12. For 21 out of the 29
sites that had at least 1 patient per group the mean difference in subjective WASO over week 1
numerically favored Doxepin. Sites 76(Segal, N=15), 50 (Anderson, N=14),58 (Essink,
N=13),71 (Merideth, N=12) had the biggest treatment differences on the sponsor’s designated
primary, subjective total sleep time, ordered from smallest to largest in terms of sample size and
size of the difference. The p-value for a test for differential treatment effects by pooled site on
sWASO was 0.946.
Site 58 (Essink, N=13) had what appeared to be a big outlying treatment group difference on
subjective WASQO. Site 76 also had a moderately big treatment group difference. However,
excluding these sites individually did not alter the significance of the treatment group differences
in subjective WASO over Week 1.
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Figure 6 Study 509: 3 mg and Placebo Estimated Week 1 Differencein Subjective WASO by Site
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5 SUMMARY AND CONCLUSIONS
5.1 Statistical Issuesand Collective Evidence

The sponsor’s prespecified analysis plans for dealing with type I error issues associated with
multiple endpoints and multiple timepoints often differed from the approach preferred by the
FDA Neurology division. The division recommended testing the objective WASO, followed by
the subjective WASO, the objective LPS, and finally the subjective LSO. In addition for each
efficacy measure they recommended starting at the latest time and working backwards to the first
time until an insignificant result was observed. When there were multiple doses in a study this
procedure would start with the high dose first. The results of this procedure can be determined
from Table 52. In study 501 the 6 mg group was significantly improved compared to placebo in
terms of the objective WASO at each visit (1** of two nights). However, the 6 mg group was not
statistically significantly better than the placebo group in terms of the subjective WASO at night
29 (1% night of the last visit). Therefore, in order to control the experiment wise type I error at
0.05 level testing must stop with this test, i.e., the results on the LPS and sLSO endpoints, as well
as the results for Img vs. placebo comparisons, can only be considered exploratory. This
reviewer found that if the sponsor had chosen to perform the comparison on the 2™ night of each
visit or the average of nights 1 and 2 instead of on the first night only then the 6 mg group would
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have won at each time in terms of the subjective WASO. However, the choice of which night’s
data to base the hypothesis on introduces another layer of multiplicity if we consider something
different than the sponsor prespecified. Even if they had chosen differently we see that they
would not have won on the LPS because the 6mg vs. placebo difference was not significant at
night 29. There is no evidence from any of the studies that there is a statistically significant effect
on latency to persistent sleep beyond night 1.

Table 52 Summary of Key Analyses by Study

Study Endpoint | Dose P-Values as Compared to Placebo
Group Night 85 Night 57 Night 29 Night 15 Night 1
401(Phase 2 | WASO 6 <0.0001
Crossover) LPS 6 0.0397
402 (Phase 2 | WASO 6 <0.0001
Crossover/ LPS 6 0.1063
Elderly)
WASO 6 0.0007 0.0011 <0.0001
3 0.0173 0.0025 <0.0001
sWASO 6 0.6282 0.2016 0.0004
3 0.6483 0.1512 0.0003
LPS 6 0.8643 0.5921 0.0009
3 0.7995* 0.2271* 0.0058
sLSO 6 0.6511* 0.1451 0.0492
3 0.2365* 0.9071* 0.1259
502 WASO 6 <.0001
(Transient sWASO 6 0.0063
Insomnia) LPS 6 <0.0001
LSO 6 <0.0001
503 WASO 3 <.0001 0.0029 0.0005 0.0069 <0.0001
(Elderly) 1 0.0330 0.1662 0.0878 0.1945 0.0053
SWASO 3 0.0153 0.5627 0.0296 0.0729 0.0561
1 0.0037 0.7417 0.0531 0.8571 0.8497
LPS 3 0.0286* 0.0522* 0.5422* 0.8388 0.1079
1 0.6493 0.1870* 0.1268* 0.8046 0.5733*
sLSO 3 0.8479 0.9931 0.6544* 0.916 0.0860
1 0.2826 0.9631* 0.1798* 0.3567* 0.2304*
509 SWASO 6 0.0026 0.0016 0.0145 <0.0001
(Elderly/ (Week 4) (Week 3) (Week 2) (Week 1)
Subjective sLSO 6 0.6629 0.4635 0.4884* 0.1547
Only) (Week 4) (Week 3) (Week 2) (Week 1)

Note: The empty cells reflect the different lengths of study. In studies 401 and 402 the night 1 results are actually the
results for the average of nights 1 and 2 as pre-specified by the sponsor in the analysis plan. For study 509 which
analyzed weeks instead of individual nights the time corresponding to the analysis is displayed in the cell.

* numerically favors placebo

For study 501, the sponsor did not consider nights after the first night to be key hypotheses, i.e.,
to include them in the set of hypotheses which would have the chance of a single type I error
over all hypotheses in it protected at 0.05. The sponsor named key secondary endpoints but did
not state unambiguously that they were to be tested in order until an insignificant result was
obtained.
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For study 503 the sponsor specified a clear hierarchy for testing. The subjective Total Sleep
Time over night 1 was the next endpoint after the objective WASO was tested at each night.
Because the comparison between 3 mg and placebo on the sTST over Night 1 was not significant
(p=0.0865) no claims can be made on the lower endpoints in the hierarchy (LPS and Sleep
Efficiency). Note that the 3mg vs. placebo comparison of LPS on night 1 was not significant
(p=0.1079) either which is even more reason that no claims of an effect on Sleep Efficiency are
possible.

In summary, study 501 in non-elderly adults provides some evidence for the superior efficacy of
the 6 mg dose compared to placebo for sleep maintenance as measured by objective WASO. The
differences between 6 mg and placebo in terms of subjective WASO were not consistently
significant. They were not significant at the sponsor’s prespecified key timepoints, first night of
each visit, but they were nominally significant at the second night of each visit as well as for the
average of the two nights at each visit. Although, the 3 mg dose was also nominally significantly
better compared to placebo for sleep maintenance as measured by objective WASO the
multiplicity adjustment requires us to consider these results as exploratory because of the
insignificant LPS results for the 6 mg dose that were before all 3 mg comparisons in the testing
hierarchy. However, study 503 in elderly patients provides some evidence of efficacy of the 3
mg dose compared to placebo for sleep maintenance as measured by objective WASO. The 1 mg
dose in study 503 has the same problem as the 3 mg dose in study 501, i.e., it is below some
insignificant 3 mg comparisons in the testing hierarchy. In addition, the differences between 1
mg and placebo in terms of objective WASO at intermediate times between night 1 and night 85
were not nominally significant. Study 509 in the elderly only included subjective measures. The
sponsor actually specified the Total Sleep Time as the primary measure in study 509 but if we
believe the WASO to be a better measure we can also examine it because the Total Sleep Time
results were statistically significant in favor of the Doxepin 6 mg group. The subjective WASO
results were also positive. Therefore, study 509 provides some evidence of the superior efficacy
of 6 mg over placebo for sleep maintenance as measured by the subjective Total Sleep Time or
subjective WASO. Based on these considerations, overall, it seems that there may be sufficient
evidence to support the efficacy of the 3 and 6 mg doses for sleep maintenance.

5.2 Conclusions and Recommendations

The clinical efficacy studies in this application seem to support an effect of the drug on sleep
maintenance as measured by the Wake time after sleep onset. However, there were no consistent
effects of the drug on latency to persistent sleep; no statistically significant differences between
Doxepin and placebo in terms of LPS were observed beyond night 1 in any study. The sponsor’s
claim of an effect on @@ based on the Sleep Efficiency
endpoint is also questioned for two reasons. First, because after adjusting for multiple testing it is
not possible to make a claim on Sleep Efficiency without inflating the experimentwise type I
error because Sleep Efficiency was lower in the testing order than LPS (e.g., in study 503).
Second, there was not a statistically significant effect of the drug compared to placebo on the
Wake Time After Sleep endpoint or the Number of Awakenings after Sleep Onset endpoint.
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