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Background

Silenor (doxepin HCI) is indicated for the treatment of insomnia. Itis an

immediate release tablet available in three strengths (1 mg, 3 mg, and 6 mg).
The tablet formulation was developed using standard

e comparabily protoco
escribed the sponsor intent to make some changes to the drug product. The

sponsor is planning to add a colored, * film-coat as a mean to
visually distinguish between different strengths. However, in order to make this
addition, the sponsor has to perform other changes to the manufacturing
process, including the following:




(b) (4)

According to the CMC reviewer, Dr. Sherita McLamore, the above proposed
changes are considered Level 2 according to SUPAC IR and require Prior
Approval Supplement.

Assessing Solubility

The solubility of doxepin hydrochloride was determined in a non-GLP manner.
The aqueous solubility of doxepin hydrochloride was tested at pHs of 1.0, 6.8,
and 7.4 using the shake-flask method. Triplicate samples were prepared for
each buffer system and at equilibration, and the pH was verified using a
calibrated pH meter. The sponsor reported that the thermodynamic pKa values
for doxepin and its metabolite desmethyl doxepin are 8.96 and 9.75,
respectively, at 25 °C.

The highest dose strength of doxepin hydrochloride is 6 mg. When dissolved in
250 mL it yields 0.024 mg/mL. To establish that aqueous solubility exceeds the
criteria for designation as highly soluble (0.024 mg/mL), solubility samples were
prepared at a target concentration of about 1 mg/mL.

The sponsor stated that all samples appeared to be clear solutions (no solids
were visible), indicating that the actual solubility of doxepin hydrochloride is
greater than 1 mg/mL. The sponsor attributed the measured concentrations
that were less than the initial concentration (Img/mL) A
The solubility results are listed in Table 1 below.



Table 1: Solubility of Doxepin Hydrochloride in Different pH Buffers
(Mean, n=3)

I Measured Concentration Mean = SD
P (ng/mL) (mg/mL)
0919
7.4 1.03 0.934 £ 0.0862
0.856
0.834
6.8 1.02 0.958 =0.108
1.02
0.935
1.0 1.02 0.971 £ 0.0466
0.954

In the comparability protocol, the sponsor provided the following information
using the potentiometrically-generated solubility data shown in Figure 1 and
Table 2 below.

Figure 1. Solubility Profile for Doxepin
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Table 2: Solubility Profile Data for Doxepin

Dwoze Limit 5 Diose Limit Profile
pH S (pg/mL) Profile (mg) pH {ug'mL) {me)
7.5 250600 648 a7 0142 23
7.5 2075.00 ile oz 88.29 22
1.7 1662.00 415 9.8 85.76 21
7.8 1334.00 334 10.0 B3.67 21
74 1074.00 168 10.1 82.04 21
5.0 BET_80 217 10.2 20.73 20
5.1 TO4. 10 176 10.3 70.75 20
g2 57440 144 104 T5.80 20
83 47530 112 10.5 T75.29 20
g4 397.00 a9 10.6 77.75 19
85 328.20 a2 10.7 77.37 19
8.5 277.80 G4 10.8 T7.03 10
8.7 13480 59 109 T6.78 19
53 202.70 51 11.0 76.57 19
g4 176.10 24 11.1 T6.42 19
04 155.60 39 11.2 76.29 19
91 139.00 35 11.3 76.19 19
02 126.00 3l 114 76.10 19
03 115.60 29 11.5 76.05 19
04 10730 27 11.6 7509 19
03 10020 25 11.7 7504 19
0.4 0364 24 11.8 7592 19

11.9 75.00 19

Reviewer’'s Note:

The sponsor stated in the comparability protocol submitted in January 30, 2008
that the intrinsic solubility of doxepin HCI was determined potentiometrically
using a @@ titration methodology. All experiments were titrated
from low to high pH, and precipitate was observed. The sponsor also reported
that the observed solubility ranged from 649 mg/250 mL at pH=7.5 to 19
mg/250 mL at pH=11.9, and concluded that according to Henderson-
Hasselbach theory, doxepin HCI clearly demonstrates solubility values
consistent with a Class 1 molecule as defined in the Biopharmaceutic
Classification System (BCS).

In response to Information Request correspondence dated November 24, 2009,
the sponsor submitted additional information on solubility. The information
submitted comprised of six pages final report generated by R

The report included a description of the analytical method (not a full
report) used for the determination of the measured concentrations. And, it was
noted that the solubility determination was made using a shake-flask method.

Overall, the solubility information submitted is conditionally acceptable. The
sponsor will be asked to submit the analytical method and validation report.



Additionally, the sponsor will be asked to clarify which method is used to
determine doxepin solubility (i.e. potentiometric or shake-flask).

Comments to Chemistry Reviewer

The CMC reviewer asked that a review be conducted to determine whether
doxepin HCI qualifies as a highly soluble and highly permeable drug according
to the Biopharmaceutics Classification System.

For the permeability determination, refer to review dated 11/28/2008. For the solubility
determination, the additional information submitted as a result of the Information
Request dated 11/24/2009 is acceptable. However, the sponsor is requested to
submit the analytical method and validation report. Additionally, the sponsor is
requested to report whether the solubility determination was made using the
potentiometric method or the shake-flask method.

Based on the information submitted, doxepin can be classified as BCS Class 1
(HS/HP) drug pending confirmation of the BCS Committee.

Houda Mahayni, Ph.D.
Biopharmaceutics Reviewer
Office of New Drug Quality Assessment

Patrick Marroum, Ph.D.
Biopharmaceutics Expert
Office of New Drug Quality Assessment
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1.0 EXECUTIVE SUMMARY

Doxepin HCl is a dibenzoxepin tricyclic agent. Oral doxepin (Sinequan™) was approved
as an antidepressant and anxiolytic at recommended dosages of 75-150 mg/day in 1969.
A topical cream 5% (Zonalon®) has also been approved for the treatment of short-term,
moderate pruritis with atopic dermatitis or lichen simplex chronicus.

According to the sponsor, at low doses (1, 3 and 6 mg), doxepin consistently acts as a
selective H1 antagonist and exhibits sleep-promoting activity without the side effects that
are typically associated with higher doses of doxepin. The sponsor has therefore proposed
to market doxepin HCl (SILENOR™) for the indication of insomnia.

Doxepin HCI (SILENOR®) will be marketed as 1, 3 and 6 mg tablets. The starting dose
for adults and elderly patients is E'Z;mg and ggmg once daily, respectively. Doses could be
increased up to 6 mg if clinically indicated.

This 505(b)(2) application consists of five Phase I clinical pharmacology studies in 104
healthy subjects. These studies include dose proportionality (1-6 mg) with a BE study
comparing 6 mg SILENOR versus 6 mg capsule, drug interaction studies with cimetidine
and sertraline, food effect study with 6 mg SILENOR and relative BA study with
Sinequan®. The clinical efficacy and safety was evaluated in six well-controlled Phase II
and Phase III studies in 1423 adults, elderly patients and as well as healthy adults.

1.1 RECOMMENDATION

The Office of Clinical Pharmacology (OCP/DCP 1) has reviewed the clinical
Pharmacology and Biopharmaceutics sections of NDA 22-036. The submission is
acceptable from a Clinical Pharmacology and Biopharmaceutics point of view provided
the sponsor agrees with the Phase IV requirements and the Agency’s labeling
recommendations.

Labeling recommendations outlined in the Detailed Labeling Recommendations section
of the review on page 29 should be conveyed to the sponsor.

In addition, the following comments should be conveyed to the sponsor and the medical
officer, respectively.

Commentsfor the sponsor:

The following comments regarding the solubility and permeability information submitted
for classification of doxepin as a BCS class I drug should be conveyed to the sponsor:

Doxepin could not be classified as BCS class I drug product as complete information was
not available in this submission. If the sponsor intends to establish the classification, the
sponsor should submit the following for review, in addition to the other solubility and
permeability aspects submitted in the original NDA submission:
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Complete solubility information at pH 1-7.5.
The assesement of system suitability for the permeability method based on 20
model drugs and the extent of absorption of each of these drugs.

Please refer to FDA guidance: Waiver of In vivo Bioavailability and Bioequivalence
Studies for Immediate-Release Solid Oral Dosage Forms Based on a
Biopharmaceutics Classification System for all information necessary for solubility
and permeability classification.

Commentsfor the medical officer:

Cimetidine increases the exposure of doxepin by 2-fold. These exposures are
greater at all time points in the plasma concentration profile. The increased
exposure of doxepin following cimetidine co-administration, specifically at 6 and
8 hours are of concern for the next day residual effects of doxepin. The mean
doxepin plasma concentrations were 0.70 vs 1.30 ng/mL (doxepin alone vs
doxepintcimetidine) and 0.55 vs 0.99 ng/mL (doxepin alone vs
doxepin+cimetidine), respectively, at 6 and 8 hours post dosing. These increased
concentrations following co-administration were even higher than the Cmax (0.86
ng/mL) after doxepin alone. A recommendation is therefore made by limiting
maximum dose of doxepin in adults and elderly to 3 mg, when doxepin is co-
administered with cimetidine.

Food increases exposure of doxepin by 41% and delays the Tmax of doxepin by 3
hours (i.e at 6-8 hours postdose). There could be a delay in the onset of effect as
well as the next day residual effects of doxepin may be signigficant when taken
with food. Based on the dosing instructions in the Phase II and III clinical trials in
which patients were instructed to take meal at least 3 hours before the drug
administration, the dosing instruction in the label is recommended to be changed
to: “Doxepin should not be taken within 3 hours of meal intake” in lieu of sponsor
proposal of “ Do not take Doxepin with or immediately after a meal”.

The dosing instructions in relation to the meals were given particularly for the
sleep laboratory assessment days and no instructions were given for the other at
home days. Therefore differences in subjective and objective measures should be
taken into consideration.

12 PHASE IV REQUIREMENTS

The following Phase IV requirements should be conveyed to the sponsor:

1.

2.

In vivo drug interaction study with a potent CYP 2C19 inhibitor should be
conducted.

In vivo drug interaction study with a potent CYP 2D6 inhibitor should be
conducted.
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1.3 OVERALL SUMMARY OF CLINICAL PHARMACOLOGY AND
BIOPHARMACEUTICSFINDINGS

The findings from overall clinical pharmacology and biopharmaceutics section are as
follows:

Dose proportionality: The pharmacokinetic parameter, Cmax, of doxepin appears to be
dose proportional within doses of 1 mg, 3 mg and 6 mg. AUC at doses of 3 mg and 6 mg
demonstrated the dose proportionality while AUC for 1 mg could not be evaluated due to
the limitation of the assay sensitivity. Similar results were seen with nordoxepin. Dose
proportionality was not observed in the study comparing 6 mg tablet and 50 mg capsule
(Sinequan) utilizing a dose-normalization comparison. Higher Cmax and AUC were
observed in the 50 mg capsule (Sinequan) to a modest extent (~30%).

Intrinsic Factors:

Age: No studies were conducted for evaluating the age effect on doxepin PK. Based on a
published population pharmacokinetic study, clearance of doxepin was decreased by
about one third from age 20 to age 75. Clinical studies were conducted using a lower
starting dose of E'Z%mg in elderly and will be labeled as such.

Gender: Using the pooled data from the five Phase I studies, mean Cmax and AUC of
doxepin were 16% and 8% higher in females. These differences are not likely to be
clinically significant.

Race: Using the pooled data from the five Phase I studies, within ethnic groups not all
races were adequately represented. There was only enough African-Americans (n=11) to
permit an informal comparison to Whites (n=84). Approximately 50% higher Cmax (1.36
vs. 0.90 ng/mL) and 18% higher AUC (18.5 vs. 15.7 ng*hr/mL) were observed in
African-Americans while the distributions were overlapped between the two races. Given
the high variability in PK, these differences observed are not expected to be clinically
significant.

Extrinsic Factors:

Drug-drug Interactions:

Effect of doxepin on pharmacokinetics of other drugs:

e There was no change in steady-sate concentrations of serttraline when co-
administered with doxepin indicating doexpine has no effect on sertraline PK.

Effect of other drugs on doxepin pharmacokinetics:

e A non-specific CYP 450 inhibitor, cimetidine increases doxepin concentrations in
AUC and Cmax by approximately 2 folds. Dose adjustment. The maximum
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dose of doxepin in adults and elderly should be 3 mg, when doxepin is co-
administered with cimetidine.

e A weak CYP 2D6 inhibitor, sertraline increases doxepin concentrations. AUCy.,
AUC.», and Cmax of doxepin were approximately 28%, 21%, and 32% higher,
respectively. PD parameters DSST, SCT, and VAS scores were similar between the
two groups. In both groups, maximum effects occurred approximately 3 hours
postdose and these scores returned to approximately baseline at 6—8 hours postdose.
The differences in PK are not likely to be clinical relevant. No dosage adjustment is
necessary.

Biopharmaceutics:

BCS Class: Based on the sponsor, doxepin has high solubility and high intrinsic
permeability; however, an official agency classification could not be established at this
time due to the lack of sufficient information provided for a BCS classification.

Relative Bioavailability:

e The proposed to-be-marketed formulation at 6 mg tablet is bioequivalent to the 6
mg capsule formulation used in earlier Phase I, II and III studies.

e The proposed to-be-marketed formulation of 6 mg tablet demonstrated
approximately 30% lower exposure compared to the approved 50 mg Sinequin®
based on dose normalization comparison. Mean Cmax (derived from dose-
normalized plasma concentrations) and median Tmax were approximately 27%
lower and 0.5 hour slower, respectively, following administration of doxepin 6
mg when compared with Sinequan® 50 mg.

Food Effect: High fat food increases AUC by 41% and Cmax by 15% and delayed Tmax
from 3-4 hours to 6-8 hours postdose. In addition, in 5/6 clinical studies, the patients were
instructed to take meals at least 1.5 hours before admitting to the clinical sleep laboratory
and arrive the site at least 2 hours before bedtime, as seen in the Table below. Based on
this, the dose was administered at least 3 hours after their evening meal. However, the
instructions for meal time related to the drug administration were not given at the home
setting. It is therefore recommended to not take Silenor within 3 hours of meal intake.

Phase | Study Patient Duration | Meal time Place dose
[1/111 | number | populations relative to administered
dosing
II SP-0401 Adults 2 nights | >3 hours® | sleep laboratory”
SP-0402 Elderly 2 nights >3 hours® | sleep laboratory®
II1 SP-0501 Adults 35 nights | >3 hours® | sleep laboratory® and self
administered at home®
SP-0503 Elderly 85 nights | >3 hours® | sleep laboratory® and self
administered at home*
SP-0502 Healthy 1 night | >2.5hours® | sleep laboratory®
adults
SP-0509 Elderly 28 nights | Not indicated | self administered at
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| | | | home®

**For doses administered at sleep laboratory.
®. Instructions regarding meal time prior to the admission to the sleep center were provided to the patients.
¢: Guidelines for at home administration relative to meals were not provided.

Ju-Ping Lai, Ph.D.
Division of Clinical Pharmacology I

Acting Team Leader: Veneeta Tandon, Ph.D.
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20 QUESTION BASED REVIEW

21 GENERAL ATTRIBUTES

2.1.1 What arethe highlights of the chemistry and physical-chemical properties of
the drug substance and the formulation of the drug product as they relate to clinical
pharmacol ogy and biopharmaceutics review?

Dosage Form/Strengths: 1, 3 and 6 mg tablets

I ndication: SILENOR® (doxepin HC) is indicated for insomnia in patients 18
years and older.

Pharmacologic Class: Doxepin is a dibenzoxepin tricyclic agent

Chemical Name: Doxepin has the chemical name: 1-Propanamine, 3-
dibenz[b,e]oxepin-11(6H)ylidene-N, N-dimethyl-hydrochloride;
N,N-Dimethyldibenz[b,e]oxepin-A11(6H),y-propylamine
hydrochloride; 11-3(-dimethylaminopropylidene)-6,11-
dihydrodibenz[b,eJoxepin hydrochloride. It has an empirical
formula of C19 H21 NO<HCI and a molecular weight of 315.84.

o)

CH
-':.H-:Hif:HEM""' 3. Hel
S
CH,

Physical Characteristics: The drug substance is a white, crystalline powder with a slight
amine-like odor. Doxepin is highly soluble and highly
permeable based on the sponsor; however, it has not yet been
clasified as a BCS Class I drug by the agency at this time.

Formulation: Silenor Tablets (1 mg, 3 mg, and 6 mg) are o

The composition of Silenor Tablets (1 mg, 3 mg, and

6 mg) is shown in the table below:
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Name of Ingredient Reference to Function Unit Formula
Standards (mg)
1l mg I mg 6 mg
Doxepin HC1 USP Drug Substance we 330° 678"
(b) (4 (b) (O™
Components
are USP/NFE © ]
Magnesinm Stearate O USP/NE n
Colloidal Silicon Dioxide ® USP/NE
Yellow No. 10 D&C Colorant B ® @)
(b) @)
O@TFD&C Colorant
| Blue No_ 1 FD&C Colorant I
(b) (4) |
| Total Tablet Weight 150 mg
*Equivalent to 1.0 mg of doxepin 2= the free baze

l:Eu:lu.i':;lll:-llt to 3.0 mg of doxepm as the fras base
‘ Equivalent to 6.0 m= of doxepin zs the free base

2.1.2 What isthe mechanism of action and therapeutic indication?

Doxepin (SILENOR) is a sleep-promoting agent and is indicated for insomnia. According
to the sponsor, doxepin binds to human histamine Hi receptors with high affinity (<1
nM), where it functions as a selective antagonist and thereby promotes sleep initiation
and maintenance. Doxepin has lesser affinity at a number of other neurotransmitter sites,
but at the recommended doses for doxepin (SILENOR), these sites are not likely to
contribute to the pharmacological activity. There was no detectable activity at
benzodiazepine recognition sites or at other sites on the GABA receptor complex
determined by doxepin administration.

2.1.3 What are the proposed dosages and route of administration?
Dosage and administration (Sponsor’s Proposed):

Adults: The recommened initial dose is mg once daily. The daily dose can be increased
to 6 mg, if clinically indicated.

Elderly: The recommened initial dose is E'Z;mg once daily in elderly patients. The daily
dose can be increased to Eggmg and up to 6 mg, if clinically indicated.

SILENOR should not be taken with or immediately after a meal.

(b) (4)
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22 GENERAL CLINICAL PHARMACOLOGY

22.1 What aretheclinical studies used to support dosing or
claimsand what aretheir design features?

Five Phase I clinical pharmacology studies were performed in 104 healthy subjects to
evaluate dose linearility, bioequivalence, relative bioavailability, food effect and drug-
drug interactions.

Six double-blind, placebo-controlled studies (2 Phase II and 4 Phase III) were conducted

in 1,423 subjects with chronic or transient insomnia for supporting the efficacy of
doxepin for the treatment of insomnia.

Key features of the Phase I studies are given in the following Table:

Study Enrolled N Completed N Dases Obiectives
Number | (male/female) | (male/female) | (Formulation) L
* Assess PK dose proportionality of
1.3 6mg . o
_ (capsules) 1 mg, 3 mg, and 6 mg doxepin capsules
SP-0405 16 (16/0) 15 (15/0) 6me » Assess relative bioavailability of
(t ablgt] doxepin 6 mg tablets compared to 6 mg
capsules
S . c el 6 mg * Assess the effect of a high fat meal on
SP-0504 16 (6/10) 15 (6/9) (tablet) doxepin PK
e e . 6 mg  Assess effect of cimetidine on single
T 24 (0 27 (8 = - <
SP-0305 24 (9/15) 22(814) (tablet) dose PK of doxepin
 Assess effect of sertraline on doxepin
single dose PK
L ) ) 6 meo e Assess effect of doxepin on steady-state
- 24 o = i ]
SP-0506 24 (16/8) 24 (16/8) (tablet) sertraline PK
 Assess PD mteraction of sertraline and
doxepin
6 mg e Assess relative bioavailability of
SP.0507 24 (19/5) 23 (18/5) (Eablet] dgxepm 6@11}g tablets compared to
50 mg Sinequan” 50 mg capsules
{capsule)
Totals 104 (66/38) 99 (63/36) - -

The description of these five Phase I studies was provided in the Individual Study Review
section.
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Key features of the Phase II and III studies are given in the following Table:

Stody, . - Primary Secondary Treatment Arms &
Location, DEZ:id}u Draration P-:Su.u;l;{;tnn Efficacy Efficacy Subjects in the
and Drates & P Variable Variables Efficacy Analysis

Phase 2 Chronic Insomnia — Objective P5G Studies Conducted in a Sleep Laboratory
SE-0401 DB, R, 2 mights 1564 yr= WTIDS WASD, TST, SE. | Flacebo =66
11 centers in | PO, MIC, on each with chronic LP5, SE Hr &, Dioxepin 1 mz = 66
the 175 4-period dose, 5-or | msoonnia TWTAS [by PSG) Dioxepin 3 m:_r = 6
0772004 o crossover | 12-day with sleep S sTAET, sWASD, . s
092004 washout maintenance LSO Dm{FFm 'f mg = &7
bemween | difficules Total =47
periods
SR-0402 DB, R, 2 mights =85 vrswith | WIDS WASD, TST, 5E, | Placebo=73
11 centers in | BC, MIC, on each chromic LP5 SE Hr &, Dioxepin 1 me =74
the 175 4-period dose, 3-0r | msoonnia WTAS by P5G) | T T
09/ 2004 =0 crossovar | 12-day with sleep & sTST, sWASD, DD“EF].U ; m: _ "-_I-
0172005 washout maintenanCe LSO D“'_!Ff": me=
benween difficuliaes Total =7
periods
Phaze 3 Chronic Insomnia — Objective P55 Sindies Conducted in a Sleep Laboratory and Outpatient Setting
SBR-0301 DB, R, 35 mights 1564 yrs WASD WTDE, TST, 5E, | Placebo =73
22 centers in | PO, MIC, of DB with chronic LP5, SE Hr &, Doxepin 3 mg =75
the TS P, feed | desing [0 WTAS, SE last : =71
: £ : D Gmr=7T3
0&2005 o dosze with sleep guarter (b PSG) I;“;Tiwm'
1272005 maintenance & sTST, sWASD, Tt
drfficulnes LSO
SR-0303 DB, R, B3 mights | =85vrswith | WASD WTDE, TS5T, 5E, | Placebo=E1
31 centers in | PO, MIC, of DB chromic LPS, SE Hr &, Doxepin 1 mg =77
the TS P, feed | desing [0 WTAS, SE last T — a1
: £ : D g=§2
092005 o dose with sleep guarter (by PSG) IE:ZEF:LLJ -
092006 ruaintensnce S sTAET, sWASD, e
drfficulnes LSO
Phaze 3 Chronic Insomnia — Subjective Study Conducted in an Ouipatient Setting
SR-0308 DB, R, B npights | =85vrswith | sTST L5% and sWASD | Placebo =124
32 cemters in | B, MIC, of DB chromic Doxepin § me = 130
the 175 PG, fed | dosing s onia Total = 254
01720086 to dose with sleep )
O 2006 Rk g o
difficuliaes
Phaze 3 Tranzient Insomuia — Objective PS5 G Study Conducted in a Sleep Laboratory
SR-0302 OB, R, 1 might of | Healthy Les WASD, WTDS, Placeho = 282
Goenters in | PC, M, DE dosing | aduls (25— TST, 3E. SEHr 8, | Doxepin & mz = 283
the 175 BT, sinzle 55 y1s) with TWTAS, SE last Total = 565
022006 | dose mransient guarter (by PSG) ST
O 2008 mrsomnia & sTST, sWASD,
LSO
Total Subjects in the ITT Analysis Set = 1 423 (858 with chronic meommia [mehidme 258 adults and 570 elderly
sulyects] and 365 adults with transtent insomniz).

Motes: DBE=Dwuable-blind. MC=Multicentar; PC=Placebo Controlled; PG=Farallel Group; OP=COuipatznt, B=Fandomized
Shadies SP-0401 and SP-0402 nzad a crossover study desipn. Im SP-0401, 67 subjects recemved at least one dose of
demepin, and @ 5P-0202, 76 subtects raceived at least one dose of dowsnin.

Of all 1,423 subjects, 858 subjects had chronic insomnia (288 adults and 570 elderly
subjects) and 565 subjects had transient insomnia. A total of 863 subjects received
doxepin (580 with chronic insomnia and 283 with transient insomnia) and 699 subjects
received placebo (417 with chronic insomnia and 282 with transient insomnia).
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As shown in the table, below are clinical studies that collected efficacy data. These
studies were conducted in adults (patients and healthy subjects) as well as the elderly
patient populations.

Five studies (SP-0401, SP-0402, SP-0501, SP-0503, and SP-0509) were conducted in
subjects with chronic insomnia, while study SP-0502 was conducted in healthy subjects
with transient insomnia. The chronic insomnia studies were primarily designed to
evaluate the effects of doxepin on sleep maintenance improvement.

e Two Phase 2 chronic insomnia objective polysomnography (PSG) studies SP-
0401 (adults) and SP-0402 (elderly) conducted in a sleep laboratory.

e Two Phase 3 chronic insomnia objective PSG studies SP-0501 (adults) and SP-
0503 (elderly) conducted in a sleep laboratory and in an outpatient setting.

e One Phase 3 chronic insomnia subjective study SP-0509 (elderly) conducted in an
outpatient setting.

e One Phase 3 transient insomnia objective PSG study SP-0502 (healthy adults)
conducted in a sleep laboratory.

Nightly doses of 1 mg, 3 mg, or 6 mg from 1 night up to 3 months of double-blind
treatment were performed to evaluate the efficacy of doxepin in both inpatient (sleep
laboratory) and outpatient settings.

Five studies, SP-0401, SP-0402, SP-0501, SP-0503, and SP-0502, collected 8-hour PSG
recordings (objective efficacy data) and a morning sleep questionnaire subjective data
completed by subjects.

Study SP-0509 collected only subjective data using an Interactive Voice Response
System (IVRS) whereas Study SP-0503 collected subjective data using both the morning
questionnaire and the IVRS.

2.2.2 What aretheclinical end pointsand how arethey measured
in clinical phar macology and clinical studies?

Description of the Objective and Subjective Efficacy Evaluations were Wake After Sleep
Onset (WASO) and subjective Total Sleep Time (sTST) for sleep maintenance, Latency
to Persistent Sleep (LPS) and Latency to Sleep Onset (LSO) for sleep onset, and Sleep
Efficiency (SE) in Hour 8 for the prevention of early morning awakenings. The five
chronic insomnia studies utilized sleep maintenance as the primary variable, and the
transient study utilized a sleep onset as the primary variable. The efficacy endpoints in
the various Phase II and III clinical studies are given in the following table.
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Study , . Prevention of Early

No. Sleep Maintenance Sleep Onset Morning Awakenings
Objective (PSG) Subjective OE,Z.E(S;E Subjective Objective (PSG)
WASO | WTIDS | TST SE | sTST | sWASO LPS LSO SEHr& | WTAS SEQ];:[&[

Phase 2 Chronic Insomnia Studies

0401 X X! X X X X X X X X ND

402" | X X [ x| x| X X X X X X ND

Phase 3 Chronic Insomnia Studies

0501 X X X X X X X X X X X

0503 X X X X X X X X X X X

0509 | NA [ NA |[NA|NA | X X NA X NA NA NA

Phase 3 Transient Insomnia Study

2 | X | X | x|x | x| x | ¥ X X | x | X

Primary efficacy vanable for the study.

Notes:

Stmdy performed in the elderly {defined m protocel as =65 vears of age).

K=variable assessad during comesponding clinical study; NA=Not applicable; ND=Not done; WASO=Wake After
Sleep Onszef; WTDS=Wake Time During Sleep; TST=Total Sleep Time; SE=Sleep Efficiency: sTST=subjective T5T:
sWASO=subjective WASO; LPS=Latency to Persistent Sleep; LS0=Latency to Slesp Onset; SE Hr &=5E in Hour §;
WTAS=Wake Time After Sleep; and SE Last Qu=5E in the last quarter of the might.

Primary suppert vanables identified for each claim are shaded, while the secondary support vaniables are not shaded.
All efficacy variables are defined in Section 2.7.3.1.3, Description of the Objective and Subjective Efficacy Evaluations.
Subjective efficacy variables were obtained using the morning questionnaire completed in the sleep laboratory for all
studies, except for the ontpatient study SP-0309 that obtained subjective efficacy data using the IVRES. Stdy SP-0303
also collected subjective data using the IVRS.

WTDS-Amount of time awake after the onset of persistent sleep and prior to the
final awakening, or end of the 8-hour PSG recording.

WTASAmount of time awake after the final awakening until the end of the 8-
hour PSG recording.

Wake After Sleep Onset (WASO)-Amount of wake time after the onset of
persistent sleep to the end of the 8-hour PSG recording; calculated as the sum of
WTDS and WTAS.

Subjective Total Sleep Time (STST)- Amount of sleep time from lights out to
the end of the 8-hour PSG recording.

Latency to Persistent Sleep (LPS)-Minutes from lights out to the first 10
minutes of consecutive sleep.

Latency to Sleep Onset (L SO)

Sleep Efficiency (SE)-Calculated as TST divided by the total time spent in bed
(480 minutes) multiplied by 100.

The following is a schematic of the various efficacy endpoints during the study.
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TST' = A + B + C minutes TIB = 8§ hours SE (%) = TST
/-‘\\ TIB
Ve NAASO = 2 (example) ™
I Onset of /’ ‘\\ _ '
Lights out Persistent Awakening 1 Awakening 2 Final Lights on
(start of PSG) Sleep® ~ —~ Awakening (end of PSG)
Sleep Sleep Sleep
A minutes B mimutes C mimrtes
) X minutes Y minutes o Zmimtes
\_.v_ff' \ ‘/ \—V—/
LPS WTDS =X + Y minutes WTAS

(nunutes)
WASO=WTDs + WTAS

! = Also includes all sleep time prior to the onset of persistent sleep

% = Onset of first sleep episode of =10 consecutive minutes

TST = Total Sleep Time; TIB = Time in Bed; SE = Sleep Efficiency;

NAASO =Number of Awakenings After Sleep Onset; LPS = Latency to Persistent Sleep:

WTIDS =Wake Time During Sleep; WTAS = Wake Time After Sleep; WASO = Wake After Sleep Onset

Timepoints for the efficacy variables collected during the Phase 3 studies are provided in
Table 2.7.3.4 (objective data) and Table 2.7.3.5 (subjective data). Due to the crossover
design of the Phase 2 studies SP-0401 and SP-0402, the timepoints (Nights 1 and 2 and
Days 2 and 3 of each treatment period) for these studies are not included in the tables.
Subjects in these two studies were expected to receive all four treatments (placebo,
doxepin 1 mg, 3 mg, and 6 mg).
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Table 2.7.2.4  Objective (P5G) Efficacy Analysis Timepoints for Doxepin in the Phase 2 Studies

Might 1 Night 15 Night 29 Night &7 Night &5
Study gl ig gh E E
No.

FEBO | lmg | 3meg | dmg | PBO | 1lmg | 3mg | 6mg PEBO lmg | 3mg | Gmg FEDO 1 mg Amg FBO 1 mg img

Chronie Insomnia Studies

sP-0301 | X X X X x | x X X X

e IENERE: x | x| x x | x| x x | x| x| x| x| x
Transient Insomnia Study

sp-0s02 | X | | x

Mptes: X=Smdy dmg evaliated danez comesponding climcal smedy, PECHplacebo
Skaded boxes indicate not measured ‘evalusted  SP-0501 and 520502 were conducted in adalts and SP-0503 was condnced in elderly subjects.
PSG data for SP-0501 also were collected on Mights 2, 14, and 30,

Table 2.7.3.5  Subjective Efficacy Analysis Timepoints for Doxepin in the Phase 3 Studies

Day 2 Weel 1 Weel: 2 or Day 16 Weel 3 Weel: 4 or Day 30 Day 58 & Day 36
Study - - (Weel: 12}

N
e PEQ | lmz | 3mg |dmg (FEBO | lmzg | dmg ([dmg (PBO | lmg | dmz [ 6mg | PFEO | dmeg | PFEO | lmz | 3mg ([ dmz | PEO | lmg | 3me

Chronie Insomnia Studies

pso1 | x x | x X x | x| X x | x
sy’ | x [x[x S ERE X | x [ x x | x| x X [ x [ x
050%° X i x | x [ x [ x X

Transient Insomnia Study

Ry "
0502 | X | | X |

SP-0503 collected subjective efficacy data using the moming guestonnsire after each 8-hovr PSG recording and the TVES weekly ar hoone. Data nsing the TVELS were analyzad by
wesk (Weak 1 throwgh Week 12) and by mont (Mowth 1, Month 2, and Mowth 3). In dds SCE, IVES data for Week 1, Week 4, and Week 12 are pressnted.
! Onupatient study SP-0502 collected subjective efficacy data using the TVES daily at homs,
Mptes: X=Smdy dmg evaliated danez comesponding climcal smedy, PECHplacebo
Skaded boxes indicate not measured ‘evalusted  SP-0501 and SE-0502 were conducted in adalts and SP-0303 and 5P-0309 were conducted in alderly sulbjects.

L

Subjective datz nsing the monung guestonnaire for SP-0501 2lso were collected on Diays 3, 17, and 31,
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2.2.3

There was no PK assesement conducted in the efficacy studies. In regard to the dose-
effectiveness relationship, there seemed to be a trend in both adults and elderly patients
that higher doses provided better response. However, this response was not always
consistant through out all different variables evaluated, in particularly for sleep onset.

Best Possible Copy

relationships?

Table 2543 Primary Objective and Subjective Support Variables for Sleep

Maintenance — LS Mean Difference from Placebo (Ainutes): ITT Analysis

Page 16 of 118

What arethe characteristics of exposure/effectiveness

Set
Stady Timepoint Diozepin 1 mg Diozepin 3 mg Diozepin 6 mg
Wake After Sleep Onsef — Primary 'l]bjecti.re Support Variable
0401 Mean Wight 1 & Might 2 A g il B Bl
0402 Mean Wight 1 & Might 2 -18. 2%we T 4wes EER L
. Wight 1* - -D. e IR
0501 — - —
Wight 29 -13.8*% -2 e
- Might 1! -17.8% EER: A -
o HMight 85 -13.00 U -
0502 HMight 1 391
Subjective Total Sleep Time — Primary Subjective Support Variable
0401 Mean Day 2 & Day 3 0.7 155 162+
0402 Mean Day 2 & Day 3 16.3* EETE T L
ay X EE T o
0501 =
Day 30 01 a7
Day 2 -0 102 -
Day &6 273 23 5+ -
0503 -
Weak 1° 14 34T -
Week 127 40.7+ FER -
) Weak 1%7 TR Eree
0509 -
Week 2 14 Qe
0502 Day 2 XL
WASD om Mipht 1 was the primeary efficacy analysis for 3820301 md SP-0303.
:uac-:-]lecrecu:l:ug m IVES

 gTST at Wesk [ was the primery efficacy aralysis for SP-0508

Mates: For WASD, nazatvs values represent improvemnent relagve to placebo. For sT3T, pesittve values represemt
mmpronemen relatve 1o placsho.
In 5P-040] and 3P-0402, WASO measurements taken Som Mighs | and I ware avernged: if one of the mighss hada
missing valee, the non-mdssing vahie was nsed  For sTST, maasurements taken from Diays 2 and 3 were averagad;
tf ome of the days had a possicg value, the noo-missing valoe was used
TIn SP-0501 and SP-0308, missing daca were inypined naing the LOCF msthad.
In SP-0503, missing dasa ware opated vsing the LOCF mathod for WASD and for sTST collectsd nsing a momming
ﬂ%s;_‘imjra, rizsins baselma values wers mupated nsing the overall population mean for sTST cellected nsing an

In SP-050D,
absamed.
#2003 **pe0l; +**p=a0001; all such noved results Svor dovepin over placeba
‘:mu:e S-F'-“-“l TSR Post-zent Tahls 8.2 and Poswtent Tahls 15 2; SR-0402 C5F Post-tent Table 8 2 amd
=11 i _‘-* 2 5P-050] CRR Postfemt Tanle 8132 a:l:l ent Tanle 34 1.3.2;
it Tals 34 1.2, and Post-temt Tahle 43 2;
C5R Post-zst Table 812 amd Post-rens Takle 321

the meatment Froup meam was nsed 1o impuie messns data for WASD; data presented for sTST were
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Table 2.5.4.4

Page 17 of 118

Eezults for the Primary Objective and Subjective Support Variables for

Sleep Onzet: ITT Analysis Set

Sty Timepoint Placebo Doxepin 1 mg | Doxepin 3 mg | Doxepin § mg
Latency to Persistent Sleep (minutes) — Primary Objective Support Variable
0401 Maan Might 1 & Might 2 220 122 04 18.7
040z Maan Might 1 & Might 2 120 12.5 15.5 16.4
TMhight 1 270 - 15.1%* 15 Tawe
0301
Tlight 29 178 - 18.5 16.2
Thight 1 274 221 231 --
0503
Plhight 83 220 209 205 --
0502 Thght 1° 329 - - 18 Qs
Latency to Sleep Onset (minutes) — Primary Subjective Support Variable
0401 Mlean Day I & Day 3 304 353 343 34.0=
040z Mlean Day I & Day 3 31.1 309 25.0 25 5%
Diay I 427 - 361 34.4=
0301
Diay 30 330 - 378 ERE
Day I EERY 42.4 i1 --
0503 Diay 86 374 328 385 --
o Week 1° 420 426 35544 -
Week 12° 436 301w 341+ --
Wesk 1° G605 - - 554
0509 -
Wesk 4 52.7 - - 0.4
0502 Day I 317 - - LEE L

! LPS o Night | was the primary efficacy amalysis for 5P-0302
* Dwa cellecred using ac VRS
Iates: Diata pressnted are the peometric LS means, except LPS data for SP-0502. which ars the LS maans.
In SP-0401 and SP0402, LPS measurements takan fom Mights | and I were averaged; if one of the nights had a
s value, the pon-missing valoe was wsed. For L0, measarements taken from Days 2 and 3 were averaged:
if ore of the days bad a mizsimg value, the noo-missing value was wsed.

In 5P-0301 and SP-0508, missing data wers imputed usimg the DOCE methed.

In 5P-0303, mdssing data were impaed vsing the LOCE methed for LR data presented for L300 collecied nsing a
MHNE questioomaine were obsarved; missing baseline values were impured vsing the everall population mean for
L50 collected using an IVES

In SR-0E0L, the meatment group mean was used o opuie missics data for LPE; data presented for D30 weare

obsarved

*pl 05 **p00l; * o pe0 001 all such noted results favor dowepin over placeba,

Seurce; SP-0401 CEF. Post-temt Tahle 112 and Post-text Tabla 141

Post-tamn Tahle 24.2; SP-0301 CEF. Post-texr Table 16.1.3.1 and Posr-tews Table 36.1.3.7;
SP-0A02 C5F Post-text Table 1712, Post-text Tablz 34.1, and Post-text Table 42,2,

SP-0309 CE5F. Post-taws Taole 10.1.2; 3P-0502 T5F. Post-tamt Tahle 7.1 2 and Post-text Tabls 34 1.

L EP-0402 CRF Post-tet Tablz 112 and
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Table 1.5.4.5  Primary Objective Support Variable for Prevention of Early Morning
Awakenings — L5 Mean Difference from Placebo (Percent): ITT Analysis

Set
Study Timepoint Doxepin 1 mg Doxepin 3 mg | Doxepin 6 mg
Sleep Efficiency in Hour § — Primary Objective Support Variable
0401 Maan Might 1 & Night 2 g 1+ 9. O*+d 10 7*=%
0402 Maan Might 1 & Night 2 0.5 92+ 11.Q*=%
Wight 1 -- 14, 1% 14 3=
0501
Wight 29 - TE* 11.1#*
Wight 1 0% 17 4%+
0303
Wight 85 459 7.8
0502 Wight 1 - - 10 5*=#

Motes: For SE in Hour B, positrve values represent improvement relative o placebo.
In 5P-0401 and 5P-0402, measurements taken from Mights 1 and 2 were averaged. If ons of the nights had a
miszing value, the nop-missing value was nsad
In 3F-0501 and 5P-0502, data presented were observed
In 5P-0503, missing dara were mupured nsing the LOCF method
*pe0.05; *Hp=001; ***p=0.001; all such noted results favor doxepin over placsho

Somrce: SP-0401 CSE Post-texr Table 8.2.5; SP-0402 C5E. Post-texr Table 2.2.8; 5P-0501 CS5E. Post-text Table
15.8.3; 3P-0503 C5E Post-text Table 13.8.2; SP-0302 CSE. Post-text Table 14.8

2.2.4 Aretheactive moietiesin the plasma appropriately
identified and measured to assess phar macokinetic
parameter s?

The assay validation and the biosample analysis for doxepin and its metabolite
nordoxepin are acceptable. A LC/MS/MS method was developed and validated for
measuring the doxepin and nordoxepin concentrations in K2 EDTA human plasma. The
LLOQ for both doxepin and nordoxepin were 0.05 ng/mL. The validated concentrations
ranged from 0.05- 10.0 ng/mL.

A summary of all methods used is given in the analytical section of this review.

2.2.5 What arethe general ADM E char acter stics of doxepin?
The key ADME characteristics of doxepin are summarized below:

Absor ption:

Plasma doxepin concentrations peaked within 3-4 hours postdose wheras the maximum
nordoxepin concentrations occur at 6-8 hours and are about 50-75% of doxepin
maximum concentrations.
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Distribution:

About 80% of doxepin is bound to human plasma proteins. The large Vd/F (over
10,550L) suggests extensive distribution of doxepin into tissues.

M etabolism:

The major metabolic pathways for doxepin are N-demethylation, N-oxidation,
hydroxylation and glucuronidation. The major metabolite found in the plasma is
nordoxepin, which is an active metabolite for antidepression shown in the animal studies.
The formation of nordoxepin is mainly mediated by CYP 2C19 and to a lesser extent by
CYP 1A2 and CYP 2C9. The other important pathway, ring hydroxylation, is extensively
mediated by CYP 2D6.

F { Lﬂrf\ 'oyPac10 -/ \ \\ CYP2DE “/ ‘.lf’”\

x-ﬁ._jwl N, e x/‘ 1 v /‘I _

(E+Daoxepin IK\N___I;H, I\n___,_m I\:__Ff_m
f

wd { E1-2-hydroxy-N-desmethyldoxepin

s
\ )
'-_. ’J__h__ - '\ .
*Pozsible Matshali c %,

[nterconversion (El2-hydroxydoxepin ——=

GFuouronidation
{major winary metsholites)

-'._ '\N ——CHy
., /
//_ f N, \ ... HC
g o ~ 1
'CYPICE S "-'.\-::-‘-"'I * | Urinary Excretion
J g !
CYP2Ca
. CYRiAl f
1
\ - Norgs
ol " rHizher demethylation ate for Z than E
FC-ﬁn:nmJ tal. 1091
71 Doxei = A Unéerline: Tennie : compound pradominate & plhema
Elimination:

It is predominantly excreted in the urine as the metabolites and/or conjugated
metabolites. The elimination t1/2 is approximately 15 hours for doxepin and 31 hours for
nordoxepin.
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2.2.6 What isthevariability in the PK data?

The intersubject variability is very high for doxepin. The high variability in PK
parameters is likely due to the high first pass metabolism mediated primarily by CYPs
2D6 and 2C19. This high variability in PK parameters can be influenced by large
individual differences in CYP activity. This suggestion is supported by an analysis of
inter- and intra-subject variability in Silenor Phase 1 studies, demonstrating substantially
smaller variability within subjects compared to that observed between subjects.

Parameter (Unit) Doxepin Nordoxepin
AUCp.. (ng*h/mL)
Inter-subject CV% 63.0-91.7 29.1-50.5
Intra-subject CV% 194-255 90-151
Cmax (ng/mL)
Inter-subject CV% 437-793 23.0-386
Intra-subject CV% 18.5-30.0 9.0-156

Data presented are the range of CV% from SP-0405, SP-0504, SP-0505, 5P-0506, and SP-0507,
obtamned from ANOWVA models within each study. The source tables provide the terms used in the
model for each study. The CV% for nordoxepin AUC... in SP-0405 was not reported due to PK

sampling for 48 hours postdose. which was not sufficient to obtain a reliable estimate of 2.z or which
resulted i AUC(ext) = 30%.

2.2.7 Based on the phar macokinetic parameters, what isthe
degree of linearity or nonlinearity in the dose-concentration
relationship?

The pharmacokinetic parameter, Cmax, of doxepin appears to be dose proportional
within doses of 1 mg, 3 mg and 6 mg. AUC at dosese of 3 mg and 6 mg demonstrated the
dose proportionality while AUC for 1 mg could not be evaluated due to the limitation of
the assay sensitivity. Similar results were seen in nordoxepin. The dose proportionality
was not observed in the study comparing 6 mg tablet and 50 mg capsule (Sinequan)
utilizing a dose-normalization comparison. Higher Cmax and AUC were observed in the
50 mg capsule (Sinequan) at a modest extent (~30%).
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2.3 INTRINSIC FACTORS

2.3.1 What intrinsic factorsinfluence exposur e and/or response
and what istheimpact of any differencesin exposure on the
phar macodynamics? Based on what is known about
exposur e response relationships and their variability, is
dosage adjustment needed for any of the subgroups?

The intrinsic factors have been discussed below:

2311 Effect of age:

Elderly:

No studies were conducted for evaluating the age effect on doxepin PK. Based on a
published PPK study, clearance of doxepin was decreased by about one third from age 20
to age 75. In addition, based on the sponsor, elderly patients are more sensitive for
sedative drugs; therefore, a lower starting dose was utilized for elderly patients in the
Phase III efficacy studies and is also proposed in the sponsor proposed label.
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Dosage adjustment:

The initial dose for elderly patients is recommended to be Eﬁgmg daily while that for adults
is@ mg daily. Doses for both groups can be increased up to 6 mg daily.
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2312 Effect of Gender:

Using the pooled data from the five Phase I studies, mean and median Cmax and AUC
were modestly higher in females. However, these differences are not likely to be
clinically significant.

Gender Statistic AUC. (ng*h/mL) Cpax (ng/mlL) T max ()

Male n 64 65 65
Mean (SD) 15.41 (14.906) 0.89 (0.594) 3.41(1.349)
Median 9.825 0.646 3
Min, Max 1.54, 67.5 0.152,2.54 1.6

Female n 36 37 37
Mean (SD) 16.69 (11.842) 1.04 (0.722) 3722(1.289)
Median 122 0.853 3
Min, Max 496,558 0.338,3.78 1.6

Data from 6 mg Silenor tablets in the fasted state.

Dosage adjustment:
No dosage adjustment is necessary.

2.3.1.3 Effect of Race:

Using the pooled data from the five Phase I studies, within ethnic groups, there was only
enough African-Americans (n=11) to permit an informal comparison to Whites (n=84).
Other races were not adequately represented. Higher Cmax (1.36 vs. 0.90 ng/mL) and
AUC (18.5 vs. 15.7 ng*hr/mL) were observed in African-Americans, although the
distributions were overlapped. Given the high variability in PK and the wide safety
margin of Silenor, the differences observed are not expected to be clinically significant.

Race Statistic AUC (O—inf) EUC(0-24) Cmax Tmax
White n =L 85 g6 86
Mean (5DN 15.71(14.525) .9207.332) 0.8000.e42) 3.42(1.372)
Median 10.02 7.22 0.8735 3
Min, HMax 1.54,87.5 1.1%,32.0 0.152,3.78 1,86
African Emerican n 11 11 11 11
Mean (50) 18_45(11_285) 12.92(€.543) 1.36(0.677) 3.08(0.517)
Median 4.3 11.0 1.14 3
Min, Max 7.51,4z2.7 5.14,25.¢ 0.435, 2_25 1.5,4
Dosage adjustment:

No dosage adjustment is necessary.
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24 EXTRINSIC FACTORS

24.1 Isdoxepin a substrate, inhibitor or inducer of CYP
enzymes?

Substrate:
Doxepin is a substrate of CYP 2C19 and 2D6 and to a lesser extent for 2C9 and 1A2.

The results of in vitro studies indicate that CYP 2C19 is a key enzyme for N-
demethylation of doxepin while 2C9 and 1A2 also play a role in N-demethylation but to a
lesser extent. CYP 2D6 is a key enzyme involved in the hydroxylation of doxepin.

| nhibitor:

Based on the in vitro CYP inhibition study (SP-D0118), doxepin is not an inhibitor of
human CYP isoforms (1A2, 2B6, 2C8, 2C9, 2C19, 2E1) except for weak inhibition of
CYP2D6 (IC50=6.9 uM compared with quinidine reference I1Cso of 86 nM, both using
dextromethorphan as the substrate). While clinical study suggested that high dose
doxepin (75 to 250 mg/day) might have a mild inhibitory effect on CYP2D6, low doses
of doxepin is not expected to have a meaningful inhibitor effect on CYP2D6.

|nducer :
It is not known that whether doxepin is an inducer of any enzymes.

2.4.2 | sdoxepin a substrate and/or inhibitor of p-
glycoprotein transport processes or any other transporter
system?

Doxepin is not a substrate of P-gp based on the results of monolayer efflux studies in
multidrug resistance transfected MDCK type II cell lines. An efflux ratio of 1.1 for
doxepin was determined while the criterion for being a substrate was a ratio of 1.5.
Therefore, doxepin would not be considered a P-gp substrate affecting gastrointestinal
absorption by this measure.

24.3 Arethereany in-vivo drug-drug interaction studiesthat
indicate the exposure alone and/or exposure response
relationships are different when drugs are coadministered?
If yes, isthere a need for dosage adjustment?

2431 I nfluence of doxepin on other drugs:
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Effect of doxepin on interacting drug exposure:

Concomitant Con-med Doxepine Co-Med Co-Med
Medication dose dose Cmax Ratio AUCe Ratio
evaluated (90% CI) (90%CTI)
% change % change
Cimetidine 300 mg BID 6 mg SD NA NA
for 2 doses,
followed by
concomitant
doxepin at the
3" dose
Sertraline 50 mg for 7 6 mg SD 106 105
days (98-113) (100-110)
© ©

Page 24 of 118

e There was no change in steady-state concentrations of sertraline when co-
administered with doxepin.

2432 I nfluence of other drugs on doxepin:
Effect of interacting drug on doxepin exposur e:
Co-med Co-med Doxepine Doxepin Doxepin Nor- Nor- Comment
dose dose Cmax Ratio AUCeo Doxepin Doxepin and
evaluated (90% CI) Ratio Cmax Ratio AUCeo Dosage
% change (90%CI) (90% CI) Ratio Adjustment
% change % change (90%CT)
% change
Cimetidine 300 mg 6 mg SD 208 198 85 101 Exposures of
BID for 2 (184-253) (174-226) (78-92) (93-109) doxepin were
doses, doubled
followed 2-fold T 2-fold T 15% 4 ©
by Maximum
doxepin at dose of 3 mg
the 3™ in adults and
dose elderly
Sertraline 50 mg for | 6 mg SD 132 121 107 122 PK: No
7 days (114-152) (109-133) (100-114) (115-131) | clinically
relevant
32%7T 21% 7T o 2% 7T changes in
exposure

PD: Increased
sedation was
observed near
the Tmax
(about 3
hours), but
returned to
baseline values
6-8 hours post
dosing

No dose
adjustment
necessary
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e Non-specific CYP 450 inhibitor, cimetidine increases doxepin concentrations in
AUC and Cmax by approximately 2 folds. Dose adjustment: The maximum dose
of doxepin in adults and elderly should be 3 mg, when doxepin is co-administered
with cimetidine.

e Weak CYP 2D6 inhibitor, sertraline increases doxepin plasma concentrations.
AUCy, AUC., and Cmax of doxepin were approximately 28%, 21%, and 32%
higher, respectively, when compared with doxepin alone. Given the variability in
doxepin PK, these differences are not likely to be significant. No dose adjustment
is necessary.

25 GENERAL BIOPHARMACEUTICS

25.1 Based on the BCS principles, in what classisthisdrug and
formulation? What solubility, per meability and dissolution
data support this classification?

The BCS classification of doxepin has NOT been characterized by the agency although
sponsor claimed it to be BCS Class I drug based on its physiochemical properties of high
solubility and high intrinsic permeability.

The deficiencies that doxepin could not be classified as BCS class I are summarized
below (Please refer to page 89 for details on solubility and permeability information.):

e The “% titration method was utilized. This is acceptable according to the
guidance; however, no justification for the use of this method was provided by the
sponsor.

e Complete solubility information at pH 1-7.5 was not provided.
pKa information was lacking.

e The sponsor has selected pindolol and atenolol as high and low P markers.
However, the suitability of the method was not established based on selected 20
model drugs along with data on their extent of absorption in humans and a plot of
the extent of absorption on a function of permeability was not provided.

25.2 I sthe proposed to-be-marketed formulation of doxepin
bioequivalent to the formulation used in the clinical trials
and phar macokinetic studies?

There are 3 strengths for the to-be-marketed formulations, which are 1, 3 and 6 mg
tablets. One bioequivalence study was performed comparing the highest strength, 6 mg
to-be-marketed tabet versus 6 mg capsule. The proposed to-be-marketed formulation of 6
mg tablet was shown to be bioequivalent to the 6 mg capsule formulation with the 90%
CIs for the ratios of the geometric LS means between two formulations for AUC and
Cmax completely contained in the bioequivalence limits of 80 to 125%.
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253 What istherelative bioavailability of Silenor compared to

approved oral doxepin formulations (Sinequan®)?

One relative bioavailability study was performed to compare the to-be-marketed 6 mg
tablet to the commercially available 50 mg Sinequin capsule. Due to the difference of the
strength and the formulation, a dose-normalization method was utilized for the PK
comparison. The proposed to-be-marketed formulation of 6 mg tablet demonstrated
approximately 30% lower exposure compared to the approved 50 mg Sinequin based on
dose normalization comparison. Mean Cmax (derived from dose-normalized plasma
concentrations) and median Tmax were approximately 27% lower and 0.5 hour slower,
respectively, following administration of doxepin 6 mg when compared with Sinequan 50
mg.

254 What isthe effect of food on the bioavailability of the drug

from the dosage form? What dosing recommendations need
to be maderegarding the administration of doxepinin
relation to meals or meal types?

Effect of food on doxepin pharmacokinetics was evaluated by comparing PK of doxepin
following a single oral dose of doxepin with or without a high fat meal. The results
showed that the high fat food increases doxepin AUC by 41% and Cmax by 15% and in
addition, delayed Tmax from 3-4 hours to 6-8 hours postdose.

These changes in AUC and Tmax could affect the onset, maintenance and the next day
alertness. In addition, in 5/6 clinical studies, the patients were instructed to take meals at
least 1.5 hours before admitting to the clinical sleep laboratory and arrive the site at least
2 hours before bedtime. Based on this, the dose was administered at least 3 hours after
their evening meal. However, the instructions for meal time related to the drug
administration were not given at the home setting. Therefore it is recommended to not
take Silenor within 3 hours of meal intake in stead of sponsor’s proposal of not allowing
with or immediately after a meal.

Phase | Study Patient Duration | Meal time Place dose
[I/111 | number | populations relativeto administered
dosing
II SP-0401 Adults 2 nights | >3 hours® | sleep laboratory”
SP-0402 Elderly 2 nights >3 hours® | sleep laboratory®
111 SP-0501 Adults 35 nights | >3 hours® | sleep laboratory® and self
administered at home®
SP-0503 Elderly 85 nights | >3 hours® | sleep laboratory® and self
administered at home*
SP-0502 |  Healthy 1 night | >2.5 hours® | sleep laboratory®
adults
SP-0509 Elderly 28 nights | Not indicated | self administered at




Doxepin (SILENSOR) Tablets

N22-036

Page 27 of 118

| home*

**For doses administered at sleep laboratory.
®. Instructions regarding meal time prior to the admission to the sleep center were provided to the patients.
¢: Guidelines for at home administration relative to meals were not provided.

26.1

2.6

ANALYTICAL

What bioanalytical method is used to assess concentrations
of active moieties and isthe validation complete and
acceptable?

The assay validation and the biosample analysis for doxepin and its metabolite
nordoxepin are acceptable. A LC/MS/MS method was developed and validated for
measuring the doxepin and nordoxepin concentrations in K2 EDTA human plasma. The
LLOQ for both doxepin and nordoxepin were 0.05 ng/mL. The validated concentrations
ranged from 0.05- 10.0 ng/mL. The long-term stability was examined for 19 days for
both doxepin and nordoxepin at -70 °C. However, the dates of biosample analysis for
each individual studies were not indicated.

A summary of all methods used is presented in the following Table:

Report Biological Calibration Between-run Between-run

nu IE ber ﬂu?d Analyte Method LLOQ range precision accuracy

& (% CV) (% bias)

yGHo0003LX | -2 mL Doxepin | LC/MS/MS 0.05 0.05; 10 <6.1% <6.6%
plasma (ng/mL) (ng/mL)

vGH00003LX | %2 ™ML | Nordoxepin | LC/MS/MS 0.05 0.05; 10 <4.1% <93 %
plasma (ng/mL) (ng/mL)

LC 358 0.5mL 1 o ctidine | HPLC-UV 0.01 0.01; 10 <10.9% <3.69%
plasma (ng/mL) (pug/mL)

LCMS 98 0-25mL g 4 aline | LC/MS/MS 0.1 0.1; 50 <6.51 % <5.01%
plasma (ng/mL) (ng/mL)

Adequate concentrations of Quality Controls were used in these assay validations.
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3.0 DETAILED LABELING RECOMMENDATION

The reviewer’s labeling recommendations are shown by track changes to the sponsor
proposed label. These labeling changes should be incorporated in the revised label. The
comments for the medical officer in shown in the yellow highlighted text:

24 Page(spf Draft LabelinghavebeenWithheldin Full asb4 (CCI/TS)immediatelyfollowing
this page.



4.0 APPENDIX

41 INDIVIDUAL STUDY REVIEW
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Study SP-0405: A Pilot Phase 1, Pharmacokinetic Study of Doxepin HCI in
Healthy Volunteer

A brief overview of some essential components of the study design is given below:

Study Design

Single-dose, randomized, four-way crossover

Study Population

N=16

Age: 19-34 years (mean 24.1 years)

Gender: 16 males

Weight: 70.0-110 kg (mean 86.0 kg)

Race: White (68.8%), African American (25.0%) and other (6.3%)

Dosage and Administration

Stage I: Subjects were randomized to 6 mg capsule (A) or 6 mg tablet
(B) in a treatment sequence (A/B or B/A).

Stage II: Subjects were randomized to 3 mg capsule (C) or 1 mg
capsule (D) in a treatment sequence (C/D or D/C).

Stage 1: Periods 1 & 2 Stage 2: Periods 3 & 4

6 mg Tableﬂ::) & mg Capsule > 1 mg Capsulelzb 3 mg Capsule
OR OR

& mg Capsule I:> 6 mg Tablet 3mg CapsulelI} 1 mg Capsule

There was at least 6-day washout period between Treatment period and
approximately 2 weeks between Stage I and Stage I1.

Lot no: 6 mg tablet 3044566
6 mg capsule 3044493
3 mg capsule 3044492
1 mg capsule 3044491

Diet:
Subjects were fasted overnight before dosing and up to 3 hours post-
dose.

Fluids were restricted from 1 hour predose to 2 hours postdose.

Poppy-containing food (e.g., poppy seed bagels, breads, or muffins)
was not allowed during the 3 days before any urine drug screen.

Alcohol was prohibited for 48 hours before any study visit until 48
hours after dosing.

Caffeine-containing products were prohibited for 24 hours before
any study visit until 48 hours after dosing.

Sampling: Blood

At predose (0 hour), and 0.08, 0.17, 0.25, 0.5, 0.75,1, 1.5, 2, 3,4, 6, 8,
12, 24, 36, and 48 hours postdose. The samples were analyzed for
plasma concentrations of doxepin and nordoxepin.
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Analysis Method
LC/MS/MS
Lower Limits of Quantitation
Plasma
Doxepin 0.05 ng/mL
Nordoxepin 0.05 ng/mL
Doxepin:
Linear range : 0.05-10.0 ng/mL in plasma
Inter-day Precision
(%CYV for Quality Controls: 0.15, 1.00, 8.00 ng/mL) : <6.1%
Inter-day accuracy: -2.7 to -4.7 %
Long term Stability: 19 days at -70 °C
Nordoxepin:
Linear range : 0.05-10.0 ng/mL in plasma
Inter-day Precision
(%CYV for Quality Controls: 0.15, 1.00, 8.00 ng/mL): <4.1%
Inter-day accuracy: -5.4 t0 -9.3 %
Long term Stability: 19 days at -70 °C
PK Assessment AUC.w, AUC.y, AUCy, AUCy.04, AUCy.4s, Az, Cmax, Tmax, t1/2,

CL/F, Vd/F

Safety Assessment

AEs, physical examinations, vital sign measurements (blood pressure,
pulse rate, respiratory rate, and temperature), serum chemistry,
hematology, urinalysis and 12-lead ECG

Phar macokinetic Results:

Doxepin in plasma:

Evaluation of Dose Linearity Within the 1, 3 and 6 mg Capsules.:
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Descriptive Statistics for Doxepin PK Parameters are shown in the following table:

Parameter (Units) Treatment A Treatment B Treatment C Treatment D
[a] 6 mg Capsule 6 mg Tablet 3 mg Capsule 1 mg Capsule
13.76 (82.9) 13.03 (70.8) 5.689 (68.9) 1.561 (76.7)
AUCy,; (ng*h/mL) [n=16] [n=16] [n=13] [n=13]
16.26 (81.6) 15.19 (69.1) 7.518 (64.6) [b]
AUCy..- (ng*h/mL) [n=16] [n=16] [n=12] [n=2]
0.9458 (64.5) 0.8864 (59.4) 0.4445 (34.0) 0.1587 (55.5)
Cpa (ng/mL) [n=16] [n=16] [n=13] [n=15
40(1.0-6.0) 3.5(2.0-6.0) 4.0(1.0-6.0) 4.0(1.5-8.0)
Tz (h) [n=16] [n=16] [n=13] [n=14]
0.05345 (47.6) 0.05534 (76.8) 0.03621 (35.3) [b]
Az (1/h) [n=16] [n=16] [n=12] [n=5]
15.13 (41.9) 15.32(31.3) 14.28 (46.8) [b]
t12(h) [n=16] [n=16] [n=12] [n=5]
600.5 (67.5) 621.0(75.1) 53248 (44.4) [b]
CL/F (L'h) [n=16] [n=16] [n=12] [n=2]
11040 (45.7) 11710 (55.3) 9276 (32.2) [b]
Vd/F (L) [n=16] [n=16] [n=12] [n=2]

[a] Estimates presented are the arithmetic means and (CV% ) for all of the parameters except Tma which

1s presented using the median and (range).

[b] Parameter could not be accurately calculated.

Mean doxepin concentration-time plot for the 4 different treatments is shown in the
following figure:
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The median values of time to maximum plasma doxepin concentration (Tmax)
occurred at 3.5 to 4 hours post dosing across all doses studied.

Cmax following administration of 1, 3 and 6 mg capsules showed a dose-
proportional increase indicationg linear pharmacokinetic within evaluated dose
range.

Several pharmacokinetic parameters for the 1 mg group could not be calculated
accurately due to undetectable plasma doxepin concentrations.

The area under the plasma concentration-time curve (AUCy.,) showed a 2-fold
increase in the 3 mg and 6 mg groups whereas for 1 mg group, the AUC,. was
under estimated and the AUC,., was not able to be determined, therefore not
accurate to compare with other 2 groups.

Elimination half-lives (ti12) range from 14.28 to 15.13 hours for the 3 mg and 6
mg capsules whereas the ti1/2 could not be calculated in the 1 mg group.

The CL/F and Vd/F were comparable between the 3 mg and 6 mg doses.

Evaluation of Bioequivalence Between the 6 mg Formulations:

Parameter i T Pairwise Comparisons
. Treatment N
(unit) LS Mean Pair Ratio (%) 00% CI

AUGC,, A 16 111 B/A 98 3 (90.7. 107)
(ng*h/mL) B 16 11.0 h ' S
AUCq.. A 16 13.6 B/A 97 4 90.7. 105)
(ng*h/mL) B 16 132 N " (50.7. 105)
Comse A 16 0827 N , "
(el . 6 0776 B/A 93.9 (84.7. 104)

Treatment A= 6 mg capsule, fasted.
Treatment B= 6 mg tablet, fasted

Tmax was slightly delayed following administration of Treatment A (4.0 hours)
compared to Treatment B (3.5 hours).

The mean ti2 of Treatment A (15.13 hours) was nearly identical to Treatment B
(15.32 hours).

The 90% ClIs for the ratios of the geometric LS means were compeletely
contained within the equivalent range of 80% to 125 % for AUCo- (90.7, 107),
AUCo-= (90.7, 105), and Cmax (84.7, 104). The 6 mg tablet and 6 mg capsule are
bioequivalent.

Metabolite in plasma (Nordoxepin):

Evaluation of Dose Linearity Between the 1, 3 and 6 mg Capsules:

Descriptive Statistics for Nordoxepin PK Parameters are shown in the following table:
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Parameter (Units) Treatment A Treatment B Treatment C Treatment D
[a] 6 mg Capsule 6 mg Tablet 3 mg Capsule 1 mg Capsule
16.34 (46.1) 16.23 (40.0) 7.573 (47.8) 2.271 (57.5)
AUC,, (ng*h/mL) [n=16] [n=16] [n=15] [n=8]
[b] 17.57 (27.5) 13.0 (69.4) [b]
AUC,..(ng*h/mL) [n=2] [n=3] [n=5] [n=0]
0.4945 (30.9) 0.5586 (34.0) 0.2539 (38.7) 0.08731 (32.9)
Cax (ng/mL) [n=13] [n=16] [n=15] [n=15]
6.0 (4.0-24.0) 8.0 (6.0-12.0) 6.0 (4.0-12.0) 8.0 (4.0-12.0)
Tz (h) [n=13] [n=186] [n=15] [n=14]
0.02399 (26.5) 0.02288 (21.1) 0.02433 (27.0) 0.01870 (44.1)
dz (1/h) [n=15] [n=13] [n=12] [n=3]
30.64 (24.6) 31.68 (22.5) 30.70 (30.4) [b]
tya2 () [n=15] [n=13] [n=12] [n=3]

[a] Estimates presented are the arithmetic means and (CV% ) for all parameters except T, which 1s

presented using the median and (range).

[b] Parameter could not be calculated accurately.

Mean nordoxepin concentration-time plot for the 4 different treatments is shown in the

following figure:
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e The median values of time to maximum plasma nordoxepin concentration (Tmax)
occurred at 6 to 8 hours post dosing across all doses studied.

e Cmax following administration of 1, 3 and 6 mg capsules increased proportionally
with dose.
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Several pharmacokinetic parameters could not be estimated due to insufficient
number of samples with detectable plasma nordoxepin concentrations.

Similar to doxepin, AUCo-t for nordoxepin increased proportionally between 3 and
6 mg. However, due to the under estimation of AUCo-t for administration of 1 mg,
dose proportionality could not be established from 1 to 6 mg.

t12 of nordoxepin is approximately 31 hours for the 3 mg and 6 mg capsules

whereas the ti2 could not be calculated in the 1 mg group.

Evaluation of Bioequivalence Between the 6 mg Formulations:

Parameter Cieometric Pairwise Comparisons
. Treatment N
(unit) LS Mean Pair Ratio (%) 00% CT
AUCy, A 16 15.6 )

) B/A 101 96.0, 106
(ng*h/mL) B 16 15.7 [ )
Cmax A 13 0531 )

. B/A 104 93.6, 116
(ng/mL) B 16 554 ( )

Treatment A= 6 mg capsule, fasted.

Treatment B= 6 mg tablet, fasted

Tmax of nordoxepin occurred 2 hours earlier following administration of Treatment
A (6.0 hours) compared to Treatment B (8.0 hours).

The mean ti2 of Treatment A (30.64 hours) was similar to Treatment B (31.68
hours).

The 90% ClIs for the ratios of the geometric LS means were compeletely
contained within the equivalent range of 80% to 125 % for AUCo-t(96.0, 106) and
Cmax (93.6, 116).

Conclusions:

For both doxepin and its metabolite, nordoxepin, the Cmax were found to be dose
proportional across the studied dose range of 1, 3 and 6 mg. There was 6-fold
increase between doses of 1 to 6 mg.

The exposure (AUC) was proportional between doses of 3 and 6 mg for both
doxepin and nordoxepin whereas the proportionality could not be assessed across
all 3 dose levels down to 1 mg due to under estimation of the AUC for 1 mg
group.

The Cmax and AUC for 6 mg tablet and 6 mg capsule were comparable. The 90%
CIs for the ratios of the geometric LS means between these two formulations were
completely contained within the equivalence limits of 80% to 125% for both
doxepin and nordoxepin suggesting bioequivalence between 6 mg tablet and 6 mg
capsule.

Tmax were 3.5- 4 hours for doxepin and 6-8 hours for nordoxepin.

t12 were approximately 15 hours for doxepin and 31 hours for nordoxepin.

CL/F and Vd/F were comparable between the 3 mg and 6 mg doses for doxepin.
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Reviewer’s Comment:

While AUCy./AUC., for both 6 mg formulations were sufficient, the percentages
for 3 mg and 1 mg capsule were just over 75% and 58%, respectively, which is
generally considered too low for an adequate PK profile. However, since AUC
data from the 1 mg capsule was not used for evaluation and in light of the

limitation of the assay sensitivity with LLOQ of 0.05ng/mL, using Cmax for the
dose linearity evaluation is considered acceptable.
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Study SP-0504: A Randomized, Open-Label Study to Assess the Effect of Food
on the Pharmacokinetics of Doxepin HCI

A brief overview of some essential components of the study design is given below:

Study Design

Randomized, open-label, single dose, two-way cross over

Study Population

N=16

Age: 20-32 years (mean 24.4 years)

Gender: 16 males and females (10M/6F)

Weight: 50.2-109.5 kg (mean 70.94 kg)

Race: White (87.5%), African-American (6.3%) and Hispanic (6.3%)

Dosage and Administration

Subjects were randomized into one of two treatment sequences
(fed/fasted or fasted/fed). 6 mg tablet was administered with the fed or
fasted condition assigned. There was a 7-day washout period between
Treatment periods.

Lot no: 6 mg tablet 3044566

Diet:

Subjects dosed under fasting conditions were required to fast overnight
for at least 10 hours prior to study drug administration and for 4 hours
postdose. Subjects dosed under fed conditions were dosed 5 minutes
after a standardized high-fat, high-calorie breakfast.

Fluids were restricted from 1 hour predose to 1 hour postdose.

Poppy-containing food (e.g., poppy seed bagels, breads, or muffins)
was not allowed during the 3 days before any urine drug screen.

Alcohol was prohibited for 48 hours before any study visit until 48
hours after dosing.

Caffeine-containing products were prohibited for 24 hours before any
study visit until 48 hours after dosing.

Sampling: Blood

At predose (0 hour), and 0.08, 0.17, 0.25, 0.5, 0.75, 1, 1.5, 2,
3,4,6,8, 12,24, 36, 48, 60, 72, and 96 hours postdose. The samples
were analyzed for plasma concentrations of doxepin and nordoxepin.

Analysis

Method
LC/MS/MS
Lower Limits of Quantitation
Plasma
Doxepin 0.05 ng/mL

Inter-day Precision

(%CYV for Quality Controls: 0.15, 1.00, 8.00 ng/mL) : <6.1%
Inter-day accuracy: -2.7 to -4.7 %

Long term Stability: 19 days at -70 °C
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Nordoxepin 0.05 ng/mL

Inter-day Precision

(%CV for Quality Controls: 0.15, 1.00, 8.00 ng/mL): <4.1%
Inter-day accuracy: -5.4t0-9.3 %

Long term Stability: 19 days at -70 °C

PK Assessment

AUCO-t, AUCO0-24, AUC0-48, AUCO0-72, AUCO0-96, AUCO-c0, Cmax,
Tmax, Az and t1/2 for both doxepin and nordoxepin

The following PK parameters were assessed for doxepin only:

CL/F and Vd/F

Safety Assessment

AEs, physical examinations, electrocardiograms (ECGs), vital signs,
and laboratory results (serum chemistry, hematology, and urinalysis etc

Phar macokinetic Results:

Doxepin in plasma:

Descriptive Statistics for Doxepin PK Parameters are shown in the following table:

Treatment A Treatment B
Parameter (unit) Doxepin 6 mg, Fasted Doxepin 6 mg, Fed
(N=15) (N=16)

AUC), (ng*h/mL) 25T(85T 16.81 (74.00
AUC). (ng=lvmL) 14.12 (80.6) 18.55 (70.2)
Cras (ng/ml) 0.8544 (63.2) 0.9514 (58.8)
Tonax (1) 30(1.5-6.00 6.0 (2.0-6.00
Az (1/D) 0.0623 (65.9) 0.0444 (26.6)
t12 () 1437 (42.2) 16.53 (23.8)
CL/T (L) 837.1(114.3) 4774 (63.4)
VdT (L) 11930 (46.99 10280 (43.3)

The data presented are the arithmetic mean and (CV%) for all parameters except T, which is presented

by median (range).

Mean doxepin concentration-time plot for each of the treatments is shown in the

following figure:
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Statistical Comparison of Doxepin PK Parameters:

Parameter 3 Geometric LS Pairwise Comparisons
. Treatment N M
(unit) Mean Pair Ratio (%) 00% CI

AUC, A 15 0104 i .
{(ng*h/mL) B 16 13 30 B/A 145.6 (127.0, 166.9)
AUC - A 15 10.72 in
{ng*h/mL) B 16 15 14 BrA 1413 (1247, 160.1)
Coune A 15 0.7170 y . N
{ng/mL) B 16 0.822 B/A 1146 (101.8,120.1)

Treatment A= doxepin § mg tablet, fasted.

Treatment B= doxepin 6 mg tablet, fed

AUCo-t, AUCo-», and Cmax of doxepin increased by 34%, 32%, and 11%,
respectively, under fed conditions compared to the fasted condition.

The median Tmax was delayed by 3.0 hours in the fed condition although the range
was similar for both treatment conditions.

The mean ti2 was delayed approximately 2 hours in the fed condition.

Mean CL/F and Vd/F were 43% and 14% lower in the fed condition compared to
the fasted condition, respectively.

The 90% CIs for the ratios of the geometric LS means between the treatments
were not completely contained within the equivalence limits of 80% to 125% for
Cmax (101.8, 129.1). The 90% Cls were above the equivalence limits for AUCo-
(127.0, 166.9) and AUCo-~ (124.7, 160.1) indicating that high-fat meal
significantly affected the PK profile of doxepin.
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Nordoxepin in plasma:

Descriptive Statistics for nordoxepin PK Parameters are shown in the following table:

Parameter (unit)

Treatment A
Doxepin 6 mg, Fasted

Treatment B
Doxepin 6 mg, Fed

(N=15) (N=16)
AUCq., (ng*h/mL) 24.19 (54.0) 24.56 (46.2)
AUCq... (ng*h/mL) 27.45 (53.0) 28.30 (43.9)
Cope (ng/mL) 0.6530 (34.0) 0.5081 (32.4)
Tosew () 8.0 (6.0-12.0) 8.0 (6.0-12.0)
tya () 25.06 (19.5) 27.82 (20.9)
he (1/1) 0.02870 (21.1) 0.02587 (19.3)

The data presented are the arithmetic mean and (CV%) for all parameters except Tpa; which 1s
presented by median (range).

Mean nordoxepin concentration-time plot for each of the treatments is shown in the

following figure:
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Statistical Comparison of Nordoxepin PK Parameters:

Parameter — i Geometric LS Pairwise Comparisons
. reatment N

(unit) Mean Pair Ratio (%) 00% CI
AUC, A 15 21.76 ,
(ng*h/mL) B 16 2713 B/A 102.1 (048, 110.07
AUCh A 13 2502 ) )
(ng*h/mL) B 16 26.02 B/A 104.0 (97.1, 111.4)
Cr A 15 0.6195 i ,
(ng/mL) B 16 0.5675 B/A 0l6 (86.4,97.1)

Treatment A= doxepin § mg tablet, fasted.

Treatment B= doxepin 6 mg tablet, fed

e Pharmacokinetic parameters of nordoxepin, AUCO-t, AUCO-c0, Cmax, Tmax, Az

and t1/2 were similar in fed and fasted condition.
e The 90% CIs for the ratios of the geometric LS means between the fed and fasted
treatments were completely contained within the equivalence limits of 80% to
125% for AUCO-t, AUCO-o0, and Cmax indicating that high-fat meal did not
significantly alter the nordoxepin PK profile.

Dose administration in relation to the meal time in clinical trials:

Phase | Study Patient Duration | Meal time Place dose
[I/111 | number | populations relativeto administered
dosing
II SP-0401 Adults 2 nights | >3 hours® | sleep laboratory®
SP-0402 Elderly 2 nights >3 hours® | sleep laboratory®
I SP-0501 Adults 35 nights | >3 hours® | sleep laboratory® and self
administered at home®
SP-0503 Elderly 85 nights | >3 hours® | sleep laboratory® and self
administered at home®
SP-0502 |  Healthy 1 night | >2.5 hours® | sleep laboratory®
adults
SP-0509 Elderly 28 nights | Not indicated | self administered at
home*

**For doses administered at sleep laboratory.
®. Instructions regarding meal time prior to the admission to the sleep center were provided to the patients.

©: Guidelines for at home administration relative to meals were not provided.

In 5/6 clinical studies, the patients were instructed to take meals at least 1.5 hours
before admitting to the clinical sleep laboratory and arrive the site at least 2 hours
before bedtime. Based on this, the dose was administered at least 3 hours after
their evening meal.
The instructions for meal time in relation to the drug were not given at the home

setting.
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Conclusions;

A significant food effect for doxepin was evident when doxepin was administered
with high-fat meal. Cmax and AUC., were significantly increased by about 15%
and 41 %, respectively, under the fed condition.

Tmax was delayed for 3 hours and the t1/2 was prolonged for 2 hours under the
fed conditions.

No food effect was observed for the metabolite of doxepin, nordoxepin, when
doxepin was administered with food.

Doses were given at least 3 hours after the evening meal in clinical trials.

For the indication of insomnia, doxepin is recommended to not be taken within 3
hours of meal intake.

Reviewer’s comment:

The sponsor proposed that doxepin Rl

However, this doesn’t reflect the conditions

in the clinical studies for drug administration and doesn’t rule out the possibility
of food effect since this could mislead the patients to take the drug like 30 minutes
after their meal which would introduce the food effect. Therefore doxepin is
recommended to not be taken within 3 hours of meal intake.
In the clinical trials at the home settings, since the dosing instructions were not
given to the patients, the dosing in relation to the meal time is not certain. Based
on this, the possibility of the adverse events or the second day effect for the self-
dosing portion could be different from the portion conducted at the sleep
laboratory.
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Study SP-0505: A Fixed Sequence, Open-Label Study to Assessthe
Pharmacokinetic I nteraction of Cimetidine with Doxepin HCl in
Healthy Adult Subjects

This study was conducted in order to assess the effect of cimetidine on the PK profile of
doxepin 6 mg. Doxepin is metabolized, in part, by CYP2D6. Cimetidine is known to inhibit
CYP2D6 and interact with doxepin as shown in the existing product information
(Sinequan®). However, clinical trials demonstrating this interaction studied doxepin doses
from 50 mg to 100 mg. No study data exist currently assessing a cimetidine drug interaction
with low doses of doxepin.

A brief overview of some essential components of the study design is given below:

Study Design Fixed sequence, open-label, drug interaction study

Study Population N=24

Age: 18-42 years (mean 24 years)

Gender: 24 males and females (9M/15F)

Weight: 50-93 kg (mean 71.04 kg)

Race: White (87.5%), African-American (8.3%) and other
(Multiracial) (4.2%)

Dosage and Administration | Subjects received 2 Treatments with a fixed sequence.

Period 1(Treatment A): single oral dose of 6 mg tablet under fasted
condition

Period 2 (Treatment B): One day prior to the 6 mg doxepin
administration, one 300 mg cimetidine tablet was dosed in the morning
and one in the evening. On the treatment day, 6 mg doxepine tablet was
co-administered with one 300 mg cimetidine in the morning under
fasted condition. Additional 300 mg cimetidine tablets were dosed in
the evening on the same day and in the morning on the following day.
There was a 7-day washout period between Treatment periods.

Treatment Period 1 Treatment Period 2
Day 1 Day 8 Day 9 Day 10
Doxepin 6 mg (am.) | Cimetidine 300 mg (a.m.) Deoxepin 6 mg + Cimetidine Cimetidine
Cimetidine 300 mg (p.m.) 300 mg (a.m.) 300 mg
Cimetidine 300 mg (p.m.) (a.m.)

Doxepin lot no: 6 mg tablet 3044566
Tagamet® (cimetidine) lot no: 300 mg tablets Y25T13

Diet:

Subjects were required to fast overnight for at least 10 hours prior to
study drug administration for Treatment A and Treatment B and for 4
hours postdose. Fluids were restricted from 1 hour predose to 1 hour
postdose.

Poppy-containing food (e.g., poppy seed bagels, breads, or muffins)
was not allowed during the 3 days before any urine drug screen.
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Alcohol was prohibited for 48 hours before any study visit until 48
hours after dosing.

Caffeine-containing products were prohibited for 24 hours before any
study visit until 48 hours after dosing.

Sampling: Blood

Plasma samples were collected at predose (0 hour), and 0.08,
0.17,0.25,0.5,0.75,1,1.5,2, 3, 4, 6, 8, 12, 24, 36, 48, 60, 72,
and 96 hours postdose. All timepoints were used for analysis of
doxepin and nordoxepin plasma concentrations while timepionts
at 0 through 24 hours postdose of Treatment B during Treatment
Period 2 were used for analysis of cimetidine concentrations in
plasma.

Analysis

Method
Doxepin and nordoxepin:
LC/MS/MS
Lower Limits of Quantitation
Plasma
Doxepin 0.05 ng/mL
Inter-day Precision
(%CYV for Quality Controls: 0.15, 1.00, 8.00 ng/mL) : < 6.1%
Inter-day accuracy: -2.7 to -4.7 %
Long term Stability: 19 days at -70 °C

Nordoxepin 0.05 ng/mL

Inter-day Precision

(%CYV for Quality Controls: 0.15, 1.00, 8.00 ng/mL): <4.1%
Inter-day accuracy: -5.4 t0 -9.3 %

Long term Stability: 19 days at -70 °C

Cimetidine:
HPLC-UV
Lower Limits of Quantitation
Plasma
Cimetidine 0.01 pg/mL

Inter-day Precision (%CV for Quality Controls) : <6.66%
Inter-day accuracy: -3.69 to +2.59 %
Short term Stability: 7 days at -20 °C

PK Assessment

AUCO-t, AUCO0-24, AUC0-48, AUCO0-72, AUCO0-96, AUCO-c0, Cmax,
Tmax, Az and t1/2 for doxepin and nordoxepin

The following PK parameters were assessed for doxepin only:

CL/F and Vd/F

No PK parameters were derived for cimetidine.

Safety Assessment

AEs, physical examinations, electrocardiograms (ECGs), vital signs,
and laboratory results (serum chemistry, hematology, and urinalysis etc
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Phar macokinetic Results:

Doxepin in plasma:

Descriptive Statistics for Doxepin PK Parameters are shown in the following table:

Treatment A Treatment B
Parameter (Unit) (Doxepin 6 mg) (Doxepin 6 mg + Cimetidine 300 mg)
N=24 N=22
. . 1428 (93.4) 2577 (68.0)
ATIC,,; (ng*h/mL) 13 122
15.00 (00.6 27.67(67.2
AUC,.. (ng*h/mL) (90.6) (07.2)
n=23 n=22
) 0.8645 (37.1) 1.701 (42.6)
Cou: (ng't0L) n=24 n=22
4.0 (1.5-6.0) 3.0(2.0-6.0)
T () n=24 n=22
15.03 (43.6) 16.79 (26.6)
e () =23 p=22
0.05031 (36.2 0.04301 (246
Az (1/h) 5031 (36.2) (24.6)
: n=23 n=122
CLE (Lt 607.5(59.2) 286.6 (48.0)
F (L) =23 n=22
o 11690 (46.2) 6356 (35.1)
Vd/F (L L
O =23 =22

The data presented are the anthmetic mean (CV%) for all parameters except Toy, which is presented by

median (range).

Mean doxepin concentration-time plot for each of the treatments is shown in the

following figure:
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Statistical Comparison of Doxepin PK Parameters:

Geometric Pairwise Comparisons
Parameter (umnit) Treatment N LS M
S MEM 1 pair | Ratio (%) 00% CI
A 23 12.11
AUC) (ng*h/mL) B/A 198.0 (173.0,225.5)
B 22 2308
C ‘mL & = 07482 B/A 2081 184.0.2353
s (0g/10L) B 2 1557 ' 2081 | (184.0.235.3)

Treatment A= doxepin § mg, fasted; Treatment B= doxepin 6 mg + cimetidine 300 mg, fasted.

e 2 fold increases in doxepin AUCo-» and Cmax was observed when doxepin was
coadministered with cimetidine.
The median Tmax was 1 hour earlier when coadministered with cimetidine.

e The mean ti2 was similar between two treatments with or without co-
administration of cimetidine.

e The 90% CIs for the ratios of the geometric LS means between Treatment A
(doxepin 6 mg) and Treatment B (doxepin 6 mg with cimetidine 300 mg) were above
the equivalence limits of 80% to 125% for AUCo-» (173.9, 225.5) or Cmax (184.0,

235.3).

Nordoxepin in plasma:

Descriptive Statistics for Nordoxepin PK Parameters are shown in the following table:

Treatment A Treatment B
Parameter (Tnit) (Doxepin 6 mg) (Doxepin & mg + Cimetidine 200 mg)
N=14 N=11
- : 1 83 £30.90
AUC,, (nz*h/ml) 2666 (54.00 2283 (309)
n=23 n=2{
2603 (3LE 2615303
AUC,... (nz*himl) G18) -
n=21 n=2{
€ fnmiml) 06523033 0.535527.2)
S =24 n=20
8.0 (6.0-12.00 2040120
-
e () n=24 n=20
o e 28.64 (39.9) 28541777
ty; () =11 n=2{
. . 0.02671 (26.8) 002301 (18.1)
Az (IB) n=23 n=20

The data presented ave the anthmetic mean (CV%) for all parameters except T, wheich 15 presantad b

median (ranga).
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Mean nordoxepin concentration-time plot for each of the treatments is shown in the

following figure:
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Statistical Comparison of Nordoxepin PK Parameters:

Pairwize Comparizons

Parameter (unit) | Treatment N ie;ﬁ'::
i Pair BRatio (%) 90 CI
] . A 21 2480 . , N
AUC,., (nz*himl) 5 0 2500 B/A 1008 (929 105.4)
A 4 &2l
= ; 7 13
Cox (nz/ml ) 5 30 05360 B/A B4 8 (78.0,52.3)

Treatment A= doxepm 6 mg, fasted; Treatment B= doxapm 6 mz + cimetidmea 300 mg, fasted.

o AUCO-QO

WEre

coadministration.
Cmax was 18% lower when coadministered with cimetidine.

e Tmax were 8 hours post dosing and t1/2 were almost identical in both treatments.
The 90% ClIs for the ratios of the geometric LS means between Treatment A
(doxepin 6 mg) and Treatment B (doxepin 6 mg with cimetidine 300 mg) were
contained completely within the equivalence limits of 80% to 125% for AUCo-»

similar

in the

treatments

with or

without

(92.9, 109.4) but outside the lower equivalence limits for Cmax (78.0, 92.3).
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Conclusions;

e A significant drug interaction was observed when doxepin was coadministered
with cimetidine. Cmax and AUC of doxepin were increased by 2 folds in the
cimetidine coadministration treatment group.

e (Coadministration with cimetidine did not markedly alter the nordoxepin PK profile.
AUC were contained in the equivalence limit while Cmax following the
coadministration was slightly outside the lower equivalence limit.

Reviewer’s Comment:

e PK parameters of cimetidine were not derived. By looking at the plasma
concentration-time profile, most subjects have similar or slightly higher
cimetidine concentrations at 24 h than at 12h. This is reasonable according to the
BID dosing regimen where 0 to 12 hours represent one dosing interval while the
data at 24 hours represent a trough level and no samples were collected between
12 to 24 hours. Since only the PK profile following coadminitration was collected
and the effect of doxepin on cimetidine was not evaluated, no further comparison
and conclusion could be made at this time.

e Although the highest dose of doxepin for insomnia is much lower than depression
(6 mg vs. 150 mg), concomintant administration of cimetidine shows a 2-fold
increase in doxepin exposure. These exposures are greater at all time points. The
increased exposure of doxepin following cimetidine co-administration,
specifically at 6 and 8 hours are of concern for the next day residual effects of
doxepin. The mean doxepin plasma concentrations were 0.70 vs 1.30 ng/mL
(doxepin alone vs doxepin+cimetidine) and 0.55 vs 0.99 ng/mL (doxepin alone vs
doxepin+cimetidine), respectively, at 6 and 8 hours post dosing. These increased
concentrations following co-administration were even higher than the Cmax (0.86
ng/mL) after doxepin alone. Therefore there is a concern of second day residual
effect which might be caused by the high plasma levels at 6-8 hours post dosing
when co-administered with cimetidine. A dose adjustment should be considered
when cimetidine is concomitantly used.

Dose adjustment:

The maximum dose of doxepin in adultsand elderly should be 3 mg, when doxepin
is co-administered with cimetidine.
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Study SP-0506: A Single-Blind Study to Assess the Pharmacodynamic and
Pharmacokinetic I nteraction of Sertraline HCl with Doxepin
HCIl in Healthy Adult Subjects

Depression is a common comorbidity in insomnia patients. Therefore, coadministration
of an antidepressant, such as a selective serotonin reuptake inhibitor (SSRI), with doxepin
for the treatment of insomnia might be anticipated. Of concern would be a PK/PD
interaction whereby additive or synergistic cognitive and/or sedative impairments might
result from such combination treatment. This study was conducted primarily in order to
assess the effect of sertraline, an SSRI, on the PK, PD, and PK/PD profiles of doxepin.

A brief overview of some essential components of the study design is given below:

Study Design single-blind, double-dummy, fixed sequence, drug interaction study

Study Population N=24

Age: 19-44 years (mean 26 years)

Gender: 24 males and females (16M/8F)

Weight: 58-104.5 kg (mean 78.06 kg)

Race: White (83.3%), African-American (8.3%) and Asian (8.3%)

Dosage and Administration | Subjects received 3 Treatments (A, B and C) in 2 Periods with a fixed
sequence.

Period 1(Treatment A): single oral dose of 6 mg doxepin tablet and
sertraline placebo under fasted condition on Day 1. Then 50 mg
sertraline and doxepin placebo once daily in the morning under fasted
condition on Day 8 through Day 13.

Period 2 (Treatment B): 50 mg sertraline and doxepin placebo on Day
14 under fasted condition.

Period 2 (Treatment C): 50 mg sertraline and 6 mg doxepin tablet on
Day 15 under fasted condition.

Treatment Period 1 Treatment Period 2

Day1 Days 8-13 Day 14 Day 15
Sertraline Placebo + | Sertraline 50 mg + Sertraline 50 mg + Sertraline 50mg +
Doxepin 6 mg Doxepin Placebo Doxepin Placebo Doxepin 6 mg
+ Doxepin PK * Sertraline PK + Doxepin PK
* PD Assessments s PD Assessments | Sertraline PK
+ Nordoxepin PK + PD Assessments

* Nordoxepin PK

Doxepin lot no: 6 mg tablet 3044566
: placebo 3044565

Sertraline HCI (Zoloft®) lot no: 50 mg tablets 05-0060

: placebo 05-0061
Diet:
Subjects were required to fast overnight for at least 4 hours prior to
study drug administration through 4 hours postdose. Fluids were
restricted from 1 hour predose to 1 hour postdose.

Poppy-containing food (e.g., poppy seed bagels, breads, or muffins)
was not allowed during the 3 days before any urine drug screen.
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Alcohol was prohibited for 48 hours before any study visit until 48
hours after dosing.

Caffeine-containing products were prohibited for 24 hours before any
study visit until 48 hours after dosing.

Sampling for PK: Blood

Blood samples were collected for PK evaluation predose (0 hour) and
0.08,0.17,0.25,0.5,0.75, 1, 1.5, 2, 3,4, 6, 8, 12, 24, 36, 48, 60, 72,
and 96 hours postdose following administration of Treatment A and
Treatment C (for doxepin and nordoxepin), and predose (0 hour) and
0.08,0.17,0.25,0.5,0.75,1, 1.5, 2, 3, 4, 6, 8, 12, and 24 hours
postdose following administration of Treatment B and Treatment C (for
serttraline)

Measurements for PD

Measures of sedation (Digit Symbol Substitution Test [DSST], Symbol
Copying Test [SCT], and Visual Analogue Scale [VAS] ratings of
sleepiness) were conducted predose (0 hour), and 0.5, 1, 2, 3,4, 6, 8,
12, and 24 hours postdose following administration of Treatment A
(Day 1), Treatment B (Day 14), and Treatment C (Day 15).

Analysis

Method
Doxepin and nordoxepin:
LC/MS/MS
Lower Limits of Quantitation
Plasma
Doxepin 0.05 ng/mL
Inter-day Precision
(%CYV for Quality Controls: 0.15, 1.00, 8.00 ng/mL) : <6.1%
Inter-day accuracy: -2.7 to -4.7 %
Long term Stability: 19 days at -70 °C

Nordoxepin 0.05 ng/mL

Inter-day Precision

(%CYV for Quality Controls: 0.15, 1.00, 8.00 ng/mL): <4.1%
Inter-day accuracy: -5.4 t0 -9.3 %

Long term Stability: 19 days at -70 °C

Sertraline:

LC/MS/MS

Lower Limits of Quantitation
Plasma

Sertraline 0.1 ng/mL

Inter-day Precision (%CV for Quality Controls) : <6.51 %
Inter-day accuracy: -1.0 to -5.01 %
Long term Stability: 1428 days at -20 °C

PK Assessment

Doxepin and nordoxepin: AUCO-t, AUC0-24, AUCO0-48, AUCO0-72,
AUCO0-96, AUCO0-00, Cmax, Tmax, Az and t1/2. CL/F and Vd/F were
assessed for doxepin only.
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Sertraline: AUCO_t, AUCO_T, Cm ,C

state was assessed for trough (predose) plasma concentrations collected
on Day 15 and Day 14.

, Tmax, and Tmi . Sertraline steady

n

PD Assessment The primary PD analysis evaluated change from predose to postdose
DSST, SCT, and VAS scores.

Secondary PD analyses included calculation of the Emax and TEmax
parameters using change from predose DSST, SCT, and VAS scores.

PK/PD The PK/PD correlation was assessed by exploring the relationships
between Cmax and Emax and between Tmax and TEmax for each
treatment.

Safety Assessment AEs, physical examinations, electrocardiograms (ECGs), vital signs,
and laboratory results (serum chemistry, hematology, and urinalysis
etc)

Phar macokinetic Results:

Doxepin in plasma:

Descriptive Statistics for Doxepin PK Parameters are shown in the following table:

Treatment A Treatment C
Parameter (umit) (Doxepin 6 mg) (Doxepin 6 mg + Sertraline 50 mg)
N=24 N=24

AUCo, (ng*h/mL) ]2.6;:;36.3] 14.18;19.4]
AUCq. (ng*h/mL) 14.1'3; 42 iﬂ.ﬂ) 16.1;5;515.1]
Caus (ng/mL) 0.98:2;51.?] 1.2115:;4.3]
T (b) 30 i;ﬁ.ﬂj 2.@::11;;6.[])
t1a (1) 14.-:1133;3.2} lj.iti:i?ﬂ]
%z (1/h) G.GST:(;;J'E.S} ﬂ.ﬁﬁ?}-‘iﬂjiﬁﬂm
CLF (L) 6501.1.1': 42 :1'38.0} Szﬁf:iiﬁj
VAF (L) llﬁii ;29.2) 897-’5:(2334)

The estimates presented are arithmetic mean (CV9%) for all parameters except Ty, which is presented by
median (range).
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Mean doxepin concentration-time plot (with or without sertraline) for each of the
treatments is shown in the following figure:
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Statistical Comparison of Doxepin PK Parameters:

- Pairwise Comparisons
Parameter (unit) | Treatment N GLE; :f:;::
- Pair | Ratio (%a) 20% CI
AUCH: (ng*h/mL) é Ej ?13 ;i C/A 127.6 (1134, 143.6)
AUC) - (ng*h/mL) é .‘,i E _IS C/A 1205 (1000, 133.3)
Conax (ng/mL) é Sj ['-;'_31}2118 C/A 131.6 (113.8,152.2)

Treatment A = Doxepin 6 mg, fasted.
Treatment C = Doxepin 6 mg + sertraline 50 mg, fasted.

e AUCp» and Cmax of doxepin increased by approximately 21 % and 32 %,
respectively, when co-administered with 50 mg sertraline.

e The median Tmax was 1 hour earlier when coadministered with sertraline.

e The mean ti2 was similar between two treatments with or without co-
administration of sertarline.

e The 90% Cls for the ratios of the geometric LS means between between Treatment
C (doxepin 6 mg with sertarline 50 mg) and Treatment A (doxepin 6 mg) were above
the equivalence limits of 80% to 125% for AUC. (113.4, 143.6), AUC., (109.0,
133.3), and Cmax (113.8, 152.2) indicating steady-state sertraline levels significantly
affected doxepin exposure.
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Nordoxepin in plasma:

Descriptive Statistics for Nordoxepin PK Parameters are shown in the following table:

Treatment A Treatment C
Parameter (unit) {(Doxepin 6 mg) (Doxepin 6 mg + Sertraline 50 mg)
=24 N=24
. , 2456 (46.2) 2708 (493
AUCy(ng*h/mL) u=g 4 =4 )
. e 2870 (49.5) 2878 (40.00
AUC) . (ng®h/mL) _ 1=23
. 0.6305(25.4) D788 (28.4)
C:\lﬂ.‘-‘ I:ﬂg.-ﬂ]]_,:] n=24 n=24
6.0(2.0-12.00 6.0 (2.0-8.00
T (1) n=24 n=24
2871 (16.5) 2018 (20.0
tya(h) =24 n=24

The estimates presented are arithmetic mean (CWV%) for all parameters except Ty, which is presented

by median (range).

Mean nordoxepin concentration-time plot for each of the treatments is shown in the

following figure:

Mean Plasma Doxepin Concentration (ng/mL)

0.01

—— Day 1
k- Day 18

Day 1

Treatment A {doxepin § mg)

24 a2 40

Day 15: Treament C (doxepin 6 mg + sertraline 30 mg)

Time {(h)

Statistical Comparison of Nordoxepin PK Parameters:
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. . Pairwise Comparisons
Parameter (unit) | Treatment | N cf; ll':lll:-[-:':llc
' ’ Pair Ratio (%0) 920% CI
- A 24 2278

AT T 1 T n \
AUCq+(ng*h/mL) C 24 74,84 C/A 102.0 (101.8. 116.8)
AUC. (ng*h/ml) A : 2631 CiA 106.7 100.3, 113.5)
F, te (ET VML) C 23 2818 [ 7 (1003, )

. A 24 06124 5= ) .
Co (ng/mL) C 24 0.7502 C/A 1225 (1149 130.7)

Treatment A = Doxepin 6 mg, fasted.
Treatment C = Doxepin 6 mg + sertraline 50 mg, fasted.

e Nordoxepin Cmax was slightly higher (~23%) when doxepine was co-
administered with 50 mg sertraline.

e The median Tmax, 6 hours postdose, was not altered between two treatments with
or without co-administration of sertarline.

e The mean ti2 was similar between two treatments with or without co-
administration of sertarline.

e The 90% CIs for the ratios of the geometric LS means between Treatment C
(doxepin 6 mg with sertarline 50 mg) and Treatment A (doxepin 6 mg) were
completely contained within the equivalence limits of 80% to 125% for AUC,.
(101.8, 116.8) and AUCy., (100.3, 113.5) whereas the Cmax (114.9, 130.7) is above
the equivalence limits.

Sertraline in plasma:

Descriptive Statistics for Sertraline PK Parameters are shown in the following table:

Treatment B Treatment C
Parameter (unit) (Sertraline 50 mg) (Doxepin 6 mg + Sertraline 50 mg)
N=24 N=24
28143374 N8 (454
ATUCH; (ng¥h/mL) oo (55.4)
n=24 n=24
e LT 2814374 J01LEB(454
AUC, (ng*h/mL) 024 =y
7034 (44.5) T80T (4599
Copp (ng/mlL) ) (%)
n=24 n=24
1724321 1877427
C. _ I{ II]L LY & &
max \.ﬂg :I ﬂ=24 n=2_],
0.730(0.170-23.5) 0.5 (0.0-24.00
T () ’ ’
- 1=24 =24
. 6.0 (3.0-8.0) 6.0 (6.0-8.0)
Ty ()
’ n=24 n=24

The estimates presented are arithmetic mean (CV%) for all parameters except Ty, and Ty, which are
presented by median {range).
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Statistical Comparison of Sertraline PK Parameters:

- Pairwise Comparisons
Parameter (unit) | Treatment | N GLe; TI::::
h Pair Ratio (%) 920% CI
AUCy (ng*h/mL B 24 2036 C/B 1049 (1004, 109.6
ATUC; (ng*h/mL) c 4 176.5 - 9 4, 109.6)
. B 24 263.6 ,
#h / 0
AUC., (ng*h/mL) c 24 176.5 C/B 1049 (1004, 109.6)
. B 24 16.37 i

Couax (ng/mL) c 4 1720 C/B 105.6 (984, 113.3)

Treatment B = Sertraline 50 mg, fasted.
Treatment C = Doxepin 6 mg + sertraline 50 mg, fasted.

e Sertraline steady-state did not increase significantly (5 %) when doxepine was co-

administered with sertraline.

e The median Tmax, 6 hours postdose, was not altered between two treatments with

or without co-administration of doxepin.

e The 90% CIs for the ratios of the geometric LS means between Treatment C
(doxepin 6 mg with sertraline 50 mg) and Treatment B (sertraline 50 mg) were
completely contained within the equivalence limits of 80% to 125% for AUC.
(100.4, 109.6) and Cmax (98.4, 113.3) indicating doxepin did not significantly affect

sertraline exposure.

Phar macodynamic Results:

Digit Symbol Substitution Test (DSST): Decreases below 0 = increases sedation

il
&
a 0.
Lr - :
(.T".- ..................................... £
L
a
a . 3
= e —— ]
@ N _——
o -
= -
E
E
o
=
@ —8— Day 1
% —9— Dayils
i
=
18 . T
0 2 4 & g 10 12
Time (h)
Day 1: Treatment A {doxepin 6 mg)
Day 14: Treatment B (sertraline 50 mg)
Day 15: Treatment C (doxepin 6 mg + sertraline 50 mg)
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e The initial increases in in sedation (based on mean DSST scores) were observed
0.5 hour and 1 hour postdose following administration of doxepin alone and
coadministration of doxepin with sertraline, respectively.

e The greatest reduction in DSST scores was reached at 3 hours postdose of
doxepin administration with or without sertraline.

e The greatest relative decrease occurred following coadministration of doxepin
with sertraline.

e The DSST scores returned to approximately predose values by 6 hours postdose
following coadministration of doxepin with sertraline and and 8 hours following
administration of doxepin alone, respectively.

e The maximum decreases in mean DSST scores were not significantly different
between treatments of doxepin with or without coadministration of sertraline.

Symbol Copying Test (SCT): Decreases below 0 = decreases motor speed

30

—8— Day1
20 a —y— Day1s

Mean Charnge from Baseline SCT Scores

Time (h)

Day 1: Treatment A {doxepin & mg)
Day 14: Treatment B (sertraline 530 mg)
Day 15: Treatment C {doxepin 6 mg + sertraline 50 mg)

e The initial decreases in motor speed (based on mean SCT scores) were observed 1
hour postdose following administration of doxepin with or without sertraline.

e The greatest reduction in SCT scores occurred approximately 2—3 hours postdose
following administration of doxepin with or without sertraline.

e The greatest relative decrease occurred following coadministration of doxepin
with sertraline.

e The SCT scores returned to predose levels by approximately 6 hours postdose
following administration of doxepin with or without sertraline.
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e Maximum decreases in mean SCT scores were significantly greater following
coadministration of doxepin with sertraline when compared with doxepin alone.

Visual Analogue Scale (VAS)

40
| —e— Day1
% e Day 14
[a. o
7]
2
=1,
=
@
<
o
13
i
E
E
e N N
=
ET_! ey
E ST
a %E
-=
. _I | | I . T T 1
a 2 * 5 5 m |

Time {h}
Increases above 0 = sleepiness; decreases below [ = aleriness

Day 1: Treatment A (doxepin & mg)
Day 14: Treatment B (sertraline 50 mg)
Day 15: Treatment C (doxepin 6 mg + sertraline 50 mg)

e The initial increases in subjective ratings of sleepiness (based on mean VAS
scores) were observed 1 hour and 0.5 hour postdose following coadministration of
doxepin with sertraline and administration of doxepin alone, respectively.

e The VAS scores reached their greatest increase at 3 hours postdose following
administration of doxepin with or without sertraline.

e The VAS scores returned to approximately predose levels at 6 hours and 8 hours
postdose following coadministration of doxepin with sertraline and administration
of doxepin alone, respectively.

e The maximum increases in mean VAS scores were not significantly different
following coadministration of doxepin with sertraline when compared with
doxepin alone.
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PK/PD Results:
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A trend was evident between increased plasma concentrations and increased
sedation (based on DSST, SCT, and VAS scores) following administration of
doxepin with or without sertraline, however, the correlations were not statistically

The greatest increases in sedation, based on mean DSST, SCT, and VAS scores,
occurred at or near the doxepin estimated median Tmax following administration

The mean change from baseline was similar following administration of doxepin

These scores returned to approximately baseline at 6—8 hours postdose despite



Conclusions:

A drug interaction was observed when doxepin was coadministered with
sertraline. AUCy, AUCy.,, and Cmax estimates of doxepin were approximately 28%,
21%, and 32% higher, respectively, in the sertraline coadministration treatment
group.

Nordoxepin exposure was not affected by coadministration of doxepin with
sertraline.

A slightly increase of sertraline concentrations (5%) in AUC and Cmax were
observed but not statistically significant indicating sertraline exposure was not
affected by co-administration of doxepin.

Maximum increase in sedation based on mean DSST and SCT scores was observed.
Sedation was slightly more pronounced following coadministration of doxepin with
sertraline than doxepin alone.

Increases in subjective ratings of sleepiness based on mean VAS scores were
comparable following administration of doxepin with or without sertraline.

The greatest increases in sedation occurred approximately 3 hours postdose (near
doxepin Tmax) following administration of doxepin with or without sertraline.
Although not statistically sigcificant, a trend was evident between increased doxepin
plasma concentrations and increased sedation following administration of doxepin
with or without sertraline.

The mean change from baseline DSST, SCT, and VAS scores was similar between
the two groups. These scores returned to approximately baseline at 6-8 hours
postdose despite residual plasma concentrations.

83



Study SP-0507: A Randomized, Open-Label Study to Assess the
Relative Bioavailability %f Silenor™ (Doxepin HCI) 6 mg Tablets

Compared to Sinequan (Doxepin HCI) 50 mg Capsules

A brief overview of some essential components of the study design is given below:

Study Design

Single-dose, randomized, open-label, two-way crossover

Study Population

N=24

Age: 18-42 years (mean 26.5 years)

Gender: 24 males and females (19M/5F)

Weight: 55-120.5 kg (mean 84.48 kg)

Race: White (91.7%) and African American (8.3%)

Dosage and Administration

Subjects were randomized to 6 mg tablet (A) or 50 mg capsule (B) in a
treatment sequence (A/B or B/A). Drugs were administered under
fasted condition.

There was a 9-day washout period between Treatment periods.

Doxepin Lot no: 6 mg tablet 3044566
®
Sinequan (Doxepin HCI) Lot no: 50 mg capsules 0262K03A

Diet:
Subjects were fasted overnight for at least 10 hours prior to study
drug administration through 4 hours postdose.

Fluids were restricted from 1 hour predose to 1 hour postdose.

Poppy-containing food (e.g., poppy seed bagels, breads, or muffins)
was not allowed during the 3 days before any urine drug screen.

Alcohol was prohibited for 48 hours before any study visit until 48
hours after dosing.

Caffeine-containing products were prohibited for 24 hours before
any study visit until 48 hours after dosing.

Sampling: Blood

At predose (0 hour), and 0.08, 0.17, 0.25, 0.5, 0.75, 1, 1.5, 2, 3, 4, 6, 8,
12, 24, 36, 48, 60, 72, and 96 hours postdose. The samples were
analyzed for plasma concentrations of doxepin and nordoxepin.

Analysis

Method

LC/MS/MS

Lower Limits of Quantitation
Plasma

Doxepin 0.05 ng/mL

Nordoxepin 0.05 ng/mL

Doxepin:

Linear range : 0.05-10.0 ng/mL in plasma
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Inter-day Precision

(%CYV for Quality Controls: 0.15, 1.00, 8.00 ng/mL) : <6.1%
Inter-day accuracy: -2.7 to -4.7 %

Long term Stability: 19 days at -70 °C

Nordoxepin:
Linear range : 0.05-10.0 ng/mL in plasma

Inter-day Precision

(%CYV for Quality Controls: 0.15, 1.00, 8.00 ng/mL): <4.1%
Inter-day accuracy: -5.4 t0 -9.3 %

Long term Stability: 19 days at -70 °C

PK Assessment

AUCO_N, AUCext, AUC()_I, AUC()_24, AUCO_48, )\Z, Cmax, Tmax, t1/2.
CL/F and Vd/F were estimated for doxepin only.

Safety Assessment

AEs, physical examinations, vital sign measurements (blood pressure,
pulse rate, respiratory rate, and temperature), serum
chemistry, hematology, urinalysis and 12-lead ECG

Phar macokinetic Results:

Doxepin in plasma:

Descriptive Statistics for Dose Normalized Doxepin PK Parameters are shown in the

following table:
Treatment A Treatment B
Parameter (Unir) (Doxepin 6 mg tablet) (Sinequan® 50 mg capsule)
N=13 N=24

AUC,, (ng*h/mL/mg)’ 2.816(90.8) 3.033(83.2)
AUC... (ng*h/mL/mg)’ 3.139(89.2) 4148 (874
Cuonx (ng/mL/mg)" 0.1823 (84.2) 0.2401 (90.3)
T () 3.0(1L.0-6.0) 25(1.0-6.00
tay, (l) 16.01(47.7) 1913 (28.4)
Az (1/h) 0.05372 (497 0.03898 (28.7)
CL/F (L/h) 618.2 (85.6) 411.8(73.8)
VdF (L) 10550 (48.4) 0821 (51.6)

! Derived from dose-normalized plasma concentrations.
The data presented are anthmetic mean {CWV%) for all parameters except Ty, which 15 presented by

median (range).

Dose-Normalized Doxepin Plasma Concentration-Time Profiles:
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Dose-Normalized Mean Plasma
Doxepin Concentration (ng'mL/mg)
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e The median Tmax was 30 minutes delayed following administration of a 6 mg
tablet (3.0 hours) compared to Sinequan 50 mg capsule (2.5 hours), although the
ranges overlap (1-6 hours).

e The mean t1/2 following administration of a 6 mg tablet was approximately 3
hours short (16.01 hours) compared to Sinequan 50 mg capsule (19.13 hours).

e Mean Cmax and AUC (derived from dose-normalized plasma concentrations)
were approximately 27% and 30% lower, respectively, following administration
of doxepin 6 mg when compared with Sinequan 50 mg.

e The mean CL/F of doxepin 6 mg (618.2 L/h) was greater than that of Sinequan 50
mg (411.8 L/h).

Statistical Comparison of Dose-normalized Plasma Concentrations for Doxepin PK
Parameters

i Ceometric Pairwise Comparisons
Parameter Treatment N .
LSMean | pajr | Ratio (%) | 90% CI
A 23 1930
AUCy (ng¥h/mL/mg) AB 64.5 (37.5,72.4)
B 24 3.006
i A 23 2222
AUC) . (ng*h/mL/mg) AB 714 (64.1, 79.5)
B 24 3114
Cona (ng/mL/mg) - > 0% AB 731 (64.4, 83.0)
(ng/ml./mg / : 4, 83
= (S TE B 24 0.1010

Treatment A= doxepin 6 mg tablet, fasted: Treatment B= Sinequan” 50 mg capsule. fasted.

e The 90% ClIs for the ratios of the geometric LS means between Treatment A

®
(doxepin 6 mg) and Treatment B (Sinequan 50 mg) for AUC(57.5, 72.4),
AUC.»(64.1,79.5), and Cmax (64.4, 83.0) were not contained within the
equivalence limits of 80% to 125%.

86



Metabolite in plasma (Nordoxepin):

Descriptive Statistics for Dose Normalized Nordoxepin PK Parameters are shown in the

following table:
Treatment A Treatment B
Parameter (Unit) (Doxepin 6 mg tablet) (Sinequan® 50 mg capsule)
N=23 N=24
3.898 (50.8 4784 (525
AUC,, (ng*h/mL/mg)* (50.8) (52.9)
n=20 n=24
. T el 4248 (42.8) 5.172(53.3)
AUC) - (ng*h/'ml./mg) =10 0=73
o 0.09656 (34.3) 0.1110 (38.7)
Coas (ng/mL/mg)*
£ (ﬂg fﬂg} n=20 n=24
T 8.0 (6.0-60.0) 8.0(6.0-36.0)
mex (1) n=20 n=24
2794 (31.2) 28 BT (255
t:, (b
@ n=19 n=23
9 (25, 02553 (25 4
3z (Uh) 0.02669 (25.2) 002553 (254)
n=19 n=23

' Derived from dose-normalized plasma concentrations.
The data presented are arithmetic mean (CV%) for all PK parameters except Tpa, which is presented by

median (range).

Dose-Normalized Linear and Semi-log Nordoxepin Plasma Concentration-Time Profiles:
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The median Tmax was 8.0 hours following administration of both treatments.

The mean t;; was similar between the two treatment groups.

The nordoxepin Cmax and AUC (derived from dose-normalized plasma
concentrations) were slightly lower (5-10%) following administration of doxepin
6 mg when compared with Sinequan 50 mg.

Statistical Comparison of Dose-normalized Plasma Concentrations for Nordoxepin
PK Parameters

: Pairwise Comparisons
Parameter Treatment N Gepmetrlc .
L5Mean | pajr | Ratio (%) | 90% CI
) A 20 3.825 )
AUC,, (ng*h/mL/mg) AB goo (854, 04.8)
B 24 42358
) A 19 4320
AUC) . (ng*h/ml/mg) AB 044 (800 00.8)
B 23 4566
A 20 0.00883 o ) _
Coax (ng/ml/mg) AB 055 (907, 100 4)
B 24 0.1035

Treatment A= doxepin § mg tablet. fasted; Treatment B= Sinequan™ >0 mg capsule. fasted.

The 90% CIs for the ratios of the geometric LS means between Treatment A
(doxepin 6 mg) and Treatment B (Sinequan 50 mg) for AUC,; (85.5, 94.6),
AUCy» (89.9, 99.6), and Cmax (90.7, 100.4) were completely contained within
the equivalence limits of 80% to 125%.

Conclusions:

The relative bioavailability of doxepin between 6 mg tablets and 50 mg capsule
evaluated by dose-normalized parameters showed that the Cmax and AUC were
modestly lower (approximately 27% and 30%, respectively) in 6 mg tablets when
compared with 50 mg Sinequan capsules.

Median Tmax were 30 minutes delayed although ranges were similar and t1/2
were approximately 3 hours shorter following 6 mg tablet administration.

The PK profiles of nordoxepin were similar in both formulations.

Reviewer’s Comment:

The linearity of doxepin PK within 6 to 50 mg was not known. The approach of
dose normalization is therefore based on the assumption of linear PK between the
evaluated dosage ranges.

Although 6 mg tablet is not bioequivalent to 50 mg Sinequine capsule, the purpose
of this study was to compare the relative bioavailability of the to-be-marketed
product to the already marketed product; therefore the bioequivalence is not
required.
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BIOPHARMACEUTICSCLASSIFICATION SYSTEM

Molecular Weight 315.84
White, crystalline powder
pKa: not given

Classification: Based on the following information on solubility, permeability and
dissolution, doxepin can not be classified as a BCS Class I drug due to the
lack of information required for classification ( Please refer to the
Guidance: Waiver of In vivo Bioavailability and Bioequivalence Studies
for Immediate-Release Solid Oral Dosage Forms Based on a
Biopharmaceutics Classification System).

SOLUBILITY:

There is very limited solubility information of doxepin provided by the sponsor. Below is
the only data described in the submission.

The intrinsic solubility of doxepin HCl, USP was potentiometrically determined using a

@@ titration methodology. All experiments were titrated from low to high
pH and precipitate was observed. The observed solubility ranged from 649 mg/250 mL at
pH=7.5 to 19 mg/250 mL at pH=11.9. According to Henderson-Hasselbach theory, when
the potentiometrically-generated solubility data are plotted in the range of pH 1 to 7.5,
doxepin HCI, USP clearly demonstrates solubility values consistent with a Class 1
molecule as defined in the Biopharmaceutics Classification System (BCS). No data was
provided.

Reviewer’ s comments:

e The base titration method was utilized. This is acceptable according to the
guidance; however, no justification for the use of this method was provided by the
sponsor.

e Other deficiencies also include: lack of pKa information, the solubility within pH
range of 1 to 7.5.

PERMEABILITY:

Permeability of doxepin HCI was evaluated using an in vitro monolayer model, the Caco-
2 human colonic-derived cell line.

The permeability studies were conducted at A

Cell Culture:
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Permeability Methods:










Conclusions:

e The average Papp value for Doxepin Hydrochloride is greater than the Papp value
of pindolol at all three concentrations.

e The B-to-A Papp to A-to-B Papp ratios of Doxepin Hydrochloride are less than 3
at all three concentrations. This is evidence that Doxepin Hydrochloride
permeates the Caco-2 membrane by passive diffusion.

Reviewer’ s comments:

e The sponsor has selected pindolol and atenolol as high and low P markers.
However, the suitability of the method was not established based on selected 20
model drugs along with data on their extent of absorption in humans and a plot of
the extent of absorption on a function of permeability was not provided.

DISSOLUTION:

The solubility studies were conducted at_

Dissolution Method:

Development work employed USP <711> Apparatus 1 to determine the dissolution
values of capsules and USP <711> Apparatus 2 to determine the dissolution values of the
tablets. Various dissolution media were studied including simulated gastric fluid without
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enzymes (pH=1.2), a 0.05 M acetate buffer (pH=4.5) and simulated intestinal fluid
(pH=6.8).

Apparatus: USP 1II (Paddles) for Doxepin HCI tablets
USP I (Baskets) for Doxepin HCI capsules

Shaft Rotation: 50 RPM

Dissolution Fluid: Simulated Gastric Fluid, without enzymes

Volume: 900 mL

Temperature: 37.0x0.5°C

Sampling Times: 5,8, 12, 15, and 30 minutes

Aliguot Volume: 10 mL

Fluid Replacement: None

Results;

Rapid dissolution occurred for both dosage forms with mean doxepin concentrations of
greater than @@ achieved in 30 minutes for all samples tested.

Figure 3.2.P.2.2.1-2 and Figure 3.2.P.2.2.1-3 present the comparative dissolution profiles
of the capsule and tablet formulations (1 mg and 6 mg) in simulated gastric fluid without
enzymes (pH=1.2). Similar dissolution profiles were obtained for the capsule and tablets
as indicated by f2 (similarity factor) values of 61.3 and 57.2, for the 1 mg and 6 mg
strengths respectively. The Silenor tablets are rapidly dissolved and no difference was
seen between the capsule and tablet formulations.
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Conclusion: More than- is dissolved by 15 minutes. Hence, doxepin tablets can be
considered “rapidly dissolving”.

Overall Conclusion: The BCS classification could not be established due to incomplete
information provided in this submission.




Study SP-D0115: Binding of Doxepin to Human, Rat, Rabbit, and Mouse Plasma
Proteins Using Equilibrium Dialysis-Based Method

This plasma protein binding study was performed by O

Method:

STUDY DESIGN SUMMARY

Assay(s): Plasma protein binding (equilibrium dialysis; incl. plasma and buffer recovery)
# Test articles: 1; doxepin

Test concentration(s): 2 pM

Specie(s): Human, rat, rabbit, and mouse

Time point(s): ~20 h

# Replicates: n=2
Dependent studies/projects (if any): N/A

Materials: Pooled hcnanm?cd human, rat, rabbit, and mouse plasma will be ﬂb[am(nbgl“)

®) @
from or similar. Plasma will be centrifuged at approx
®) @)

Apparatus: Teflon 96-well dialysis plate (HTDialysis) with 12-14K MWCO
regenerated ccllulose membrane (e.g., Spectrapor). Teflon 96-well microtiter
plate (e.g., Spike International) used for recovery/stability assessment.

Experimental method:

Plasma protein concentration: ~99.9% plasma final

Buffer: 70 mM NaCl, 50 mM Na phosphate, pH 7.4

DMSO concentration: <1.0% final

Incubation temperature: 37+£2°C
Matrix matching: plasma samples will be matrix-matched 1:1 with buffer, and buffer

sarmnples will be matrix-matched 1:1 with plasma.
® @

Rapid equilibration check using comparison of % bound in both vectors (plasma-to-

buffer and buffer-to-plasma).
Plasma and buffer recovery assessments in both the Teflon dialysis apparatus and

Teflon microtiter plate: 20hr, 37+2°C, in parallel with the dialysis procedure.
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Results: A summary of the binding results for all species was given below.

Plasma Protein Binding Results Summary (Equilibrium Dialysis)

Equilibrium Ratio
% Plasma Protein Bound {Flazma-to- % Recovery on Assay Plate
Test Compound] Matrix Species (Plazma-to-Buffer) Plasma) * (Flasma-to-Buffer) Comment

Doxepin Human Plasma 80.3% 0.oo 79.3% DXPH

Doxepin Rakbit Plasma 88.5% 1.04 33.7% DXPH

Doxepin Rat Plasma 90.8% 1.32 T2.6% DXPH

Doxepin Mousze Plazma 86.0% 1.02 T73.0% DXPM

Warfarin Human Plasma 99.2% 385 T8.7% WARF

*ER = 1 if equilibrium iz achieved
% Plasma Protein Binding
100.0% -
E
3 80.0% -
i
§=
] 0 0%
8 60.0%
o
g 40.0% 1
u
=
E:? 20.0% -
DXP DXPM DXPN DXP| WARF
0.0% d i
Human Plazma Rabbit Plazma Rat Plazma Mouss Plasma Human Plasma
Species

e Over all, the protein binding is 80.3-90.8% and the recovery is 72.6-83.7% throughout different species.
e Human plasma protein binding of doxepin (80.3%) is 6-10% lower than other species tested.
e The dialysis was at or near equilibrium in all species.
°
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There is 99.2% human plasma protein binding in warfarin with 78.7% recovered, however, the equilibrium was not achieved.




Below is the individual data for human plasma tested (data for other species were not listed in this review):

e Only 2 replications were performed and therefore not able to evaluate the variations, however, the individual data seemed to be
consistant though.
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Below are the analytical data for calibration curve and residules for IS peak area:

SUMMARY OF CALIBRATION STANDARD BEACK-CALCULATED CONCENTRATION IN PLASMA

Callbraticn Stanoard Momilnal Thaorstioal Conosntrations ()

QDDED L2024 0072 222 n.8s 083 147 -

Replloats 1 0T oLozn 0.0E7 o .54 0 1.26 22

Replloats 2 L oozT o.oez o7 .74 108 152 22

Mean 0.oams ooz 0.074 o1 .64 o5 FH 22

EEEH 58 k] 27 = 21 .1 12 0s

n E 3 3 F! F 2 2
Typ= Linear

‘Welghting 1K
R*2 0.9244
LOG [pM}) 0.0080
18 percent deviation @ 30%
T L = [ i Pt U e v LK s e <R TR

\

BestAvailable Copy

e The residule plot for IS peak area exhibits slight downwarded trend initially but the trend diminished for most part of the plot

and the deviation was within 30%.

Conclusion:

The protein binding of doxepin to human plasma is approximately 80% while other tested species showed 6-10% higher binding.
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Study SP-D0118:

CYP Inhibition Study of Doxepin HCI

This in vitro CYP Inhibition study was performed by

(b) (4)

Method: Below is a list of reference compounds used for comparison of the study results.

i nainy

Saslirce

CYPIAZ Inhibition
{recombinant, CEC
substrate)
CYP2B6 Inhibition
{recombinant, EFC
substrate )

CYP2CE Inhibition

(recombinant, DBF
substrate)

CYPFICY Inhibition

{recombinant, MFC

substrate)

CYP2C 19 Inhibition
{recombinant, CEC

1 bstrate)

CYP2D6 Inhibition

{recumnbinanl, MFEC

substrate)

CYPZE] Inhihition
{recombinant, EC
stibstrate)

CYPIAZ Inhibition
{recombinant, phenacetin
substrate)

CYP2C9 Inhibition
{recambinanm, diclofenac
substrate)

CYP2C 19 Inhibition

{recombinant, omeprazole
substrate)

CYP2D6 Inhibition

{ recam binaitl,
dextromethorphan
substrate)

CYP3IA4 Inhibition
(recombinant, testosterone
substrate)

CYP3IA4 Inhibition
(recombinant, midazolam
substrate)

Relerence Compognd

Sihliowmphy

Human recombinant
{1.25 pmaol/iml.)

Human recombinant
(10 pmolimL}

Human recombinant
(20 pmol/mL}

Human recombinant
(15 pmol/mL}

Human recombinant
(10 pmoaliml.)

Human recombinant

(30 pmuolimL})

Human recombinant
(15 pmal/mL}

Human recombinant (5

pmolimL)

Human recombinani
(A0 pmalml.}

Human recombinant
(1 pmal/mL)

Huiman recombinant

{15 pmoliml.}

Human recombinant
(22 pmolml.)

Human recombinant
{20 pmoliml.)

furafylline

ketoconazole

quercelin

sulfaphenazole

tranyley promine

quinidine

4-methylpyrazole

furalylline

sulfaphenazole

tranylcypromine

quinidine

ketoconazole

ketoconarole

Crespietal, (199T)

Ekins et al, (1997}

Miller et al, (2000

Crespi et al. [ 1997)

Cino et al. (1996)

Onooct al. (1994)

Yamazaki et al. { 1996)

Weaver el al. (2003

Drigrks et al, (2001)

Zhang W et al. (2001)

Vengurlekar et al. (2002)

Lim et al, {2001)

Gorski et al. (19%94)

Below are the experimental conditions:
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Anclylicnl

Al Substrate  Cofocton [ urhation [etected Componen el
CYPIA2 Test compound (10uM) 0 and 30 min, 37 CHC Fluorimetry
Inhibition CEC (5 uM), C
{recombinant, NADP (1.3 mM),
CEC substrate) GEP (3.3 mM),
G6PDHase (0.4 Wiml)
BSA (0.4 mg'ml)
{n=2)
CYP2B6 Test compound (10 uhd) O and 30 min, 37 HFC Fluorimetry
Inhibition EFC (1.5 pM), C
{recombinant, NAL {13 mM Y,
EFC substrate) GEP (3.3 mM)
GoPDHase (0.4 UimL)
BSA (0.4 mg/ml)
(n=2)
CYP2C8 Test compound (10 uM) D and 90 min, 37 MNuorescein Fluorimetry
Inhibition DB (0,25 uM), =
{recombinant, NADP (1.3 mM),
DBF substrate) G6P (3.3 mM)
GoPDHase (0.4 Uiml)
BSA (0.4 mg/mL)
(n=2)
CYP2C9 Test compound (10 uM)  Dand 80 min, 37 HFC Fluorimetry
Inhibition MFC (50 puM), °C
(recombinant. NADRP (1.3 mM),
MFC substrate) G6P (3.3 mM),
GePDHase (0.4 Ui'ml.)
BSA (0.4 mg/ml)
(n=2)
CYP2C19 Test compound (10 yM)  Dand 60 min, 37 CHC Fluorimetry
Inhibition CEC (25 p), p
:rep?mhjnunt, MADP (1.3 mh),
CECsubstrate)  ¢iep (3.3 mm),
GoPDHase (0.4 Uiml.)
BSA (0.4 mg/ml)
(n=2)
CYP2D6 Test compound (10 pM) 0 and G0 min, HFC Fluorimetry
Inhibition MFC (50 pM), e
{recombinant, MADE (1.3 mM),
MEC substrate) G6IP (3.3 mM)
GEPDHase (0.4 Uiml)
BSA (0.4 mgmlL)
(=2}
CYP2E] Test compound (10 pM)  Dand 50 min, 37 HC Fluorimetry
Inhibition EC (4 uM), °C

(recombinant, EC

substrane)

NADP (8.2 pM),

GaP (3.3 mha),
GoPDHase (L4 Liml)
BSA (0.4 mgmL)
(n=2)
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CYPIAZ
Iithibation
(recombinant,
phenacetin
substrate)
CYP2Co
Inhikition
{recombinan,
diclofenac
gubstrale)

CYP2C19
Inhibkition
{recombinant,
omeprazole
subsirate)

CYPIDG
Inhibition
{recombinant,
dexiromethoerphan
subsirate)

CYP3IAd
Inhibition
(recombinant,
testosterone
siibstrate)

CYP3IAd
[nhibiticn
(recombinant,
midazolam
aubstratc)

Test compound { 10 abd},

Phenacetin (10 uh),
NADP (1.3 mM). GOP
(3.3 mM), GoPDHase
(0.4 Liml.)

Test compound (10 pM)
Diclofenac (10 pM),
NADP (0,52 mM},

GaP (1.32 mMi,
GEPDHase (0,16 LimL)
{n=2})

Test compound { 10 k)
Omeprazole (0.5 phd),
MNADP (1.3 mM),

GoP (3.3 mM],
GaPDHase (0.4 UimL)
(=2}

Fest compound { 10 pk )
Dextromethorphan (2
pM),

MADP (1.3 mM).

GeP (3.3 mM),
CroPDHase (0.4 Uiml)
(n=2)

Test compound (10 ph)
Testosterone (30 b,
NADP (1.3 mM),

CaP (3.3 mb),
GoPDHase (0.4 Uiml)
(n=2)

Test compound (10 uM)
Whidazalam (5 whi),
NADP (1.2 mM),

GEP (3.3 mM),
GoePRDHase (0.4 Li/ml.}
(n=2)

15 min, 37°C

30 min, 37 °C

30 min, 37°C

20 min, 37 YU

|3 min, 37°C

20 min, 37°C

HTELL H] I'!HI1II'I-FI|1-L'['I

4-hydroxydiclolenac

S-hydroxyomeprazole

Lexirorphan

Bf-hydroxylestoslerone

I -hydroxymidazolam

HPLC-MS/MS

HPLC-MSMS

HPLC-MS5/MS

PP LM e

HPLC-MS/MS

HPLC-MS/MS

The percentage inhibition was calculated by substracting the percent control activity from
100. ICsps were determined by non-linear regression analysis. The data was measured by
fluorimetry or HPLC-MS/MS.

Results:
Below is a summary table of tested results. While the inhibition effect is more evident at the

condition using dextromethorphen substrate for CYP2D6 inhibition, the IC50 data and
corresponding inhibition curve were shown as well.
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s

ot . ) Sy o bt ion of
(b) (4) Client Compouml 113 Concentration

Sompowaned L1 i Comtrinl Walues
CYP1A2 Inhibition (recombinant, CEC substrate)
T92502-1 Doxepin HCI 1.OE-D5 |6
CYP2B6 Inhibition {recombinant, EFC substrate)
T92502-1 Dm\'ﬁpin HCI 1.0E-05 14
CYP2CE [nhibition (recombinant, DBF substrate)
TORS2-1 I"mn-.pin Hl 1 (HE-N5 23
CYP2CY [nhibition {recombinant. MFC substrate)
T92502-1 Doxepin HCI 1 OE-05 ]
CYP2C19 Inhibition (recombinant, CEC substrate)
T92502-1 Doxepin HCI 1.0E-05 48
CY P22 Inhibition (recombinant, MFC substrate)
7925021 = Doxepin HCI dac 1 UE-05 49
CYP2ED Inhibition (recombinant, EC substrate)
T92502-1 Uﬂx{:pin HCl 1.0E-05 -22
CYP1AZ Inhibition {recombinant, phenzcetin substeate)
T2302-] Doxepin HCL 1.0E-05 30
CYP2CY Inhibition (recombinant, diclofenac substrate)
TRA502-1 Doxepin HCI |.OE-05 )
CYP2C19 Inhibition (recombinant, omeprazole substrate)
792502-1 Doxepin HCI | .OE-05 4
CYP2D6 Inhibition (recombinant, dextromethorphan subsirate)
TR2502=| Doxepin HCL | .OF=05 el
CYP3A4 Inhibition (recombinant, testosterone substrate)
TO2502-| Doxepin HCI | .OE-05 27
CY¥P3IAA Inhibition (recombinant, midazolam substrate)
T92502-1 Doxepin HCI | O35 3

I1Cy; Determination: Summary Hesults

t.ta:!} Client Compousd 1) 1Cw T

Lompound |13 = ki i !
CY 206 Inhibition (recombinany, dextromethorphan substrate)
TO2502-1 Doxepin HC | G.9E-D6 fi

CYP2D6 Inhibition

recombinant. dextromethorphan substrate

IC50 =69E-06 M
nH=1.1

* -

3 1 __'."“-.
=
=
= -
L
g s .
c
&

5

0 \\““-__

8 I & 5 4 -3
Log [Doxepin HCI| (M)

Doxepin appears to be a weak inhibitor of CYP2D6 with the IC50 at 6.9 uM.

Reviewer’s comment: The inhibition of CYP2C8, 2B6 and 2E1 were not evaluated using
probe substartes.
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Role of P-glycoproteinsin the intestinal absorption

A review of the following published paper is summarized for the evaluation of the role of P-
gp in the intestinal absorption of drugs. While the paper focuses on the evaluation and
characterization of P-gp substrates, this review will focus on the non-substrate drugs,
specifically doxepin.

articles ﬂhﬂfméﬁﬂmlﬁs

Functional Role of P-Glycoprotein in Limiting Intestinal
Absorption of Drugs: Contribution of Passive
Permeability to P-Glycoprotein Mediated Efflux Transport

Manthena V. 5. Varma, Khandavilli Sateesh, and Ramesh Panchagnula*®

Department of Pharmaceutics, National Institute of Pharmaceutical Education and
Research, Sector No. 67, 545 Nagar 160 062, Punjab, India

Received August 20, 2004

Method

Different factors and data for a variety of drugs were collected from literature and evaluated
for their properties in terms of P-gp mediated intestinal absorption based on the selected
factors. The factors were described below.

Permeability: data was collected fron two independent preclinical studies. Monolayer efflux
studies were performed using multiple resistance transfected MDCK type II cell lines (MDRI-
MDCKII).

Efflux ratio (ER, Papp.BA/Papp.AB): used as a basis to classify the bidirectional transport.
Drugs with ER < 1.5 were considered as non-substrate (NS).

Human intestinal absorption (HIA): Data was collected from literature and standard
references.

Solubility, Maximum Dose Strength and Dose number (Do): Do was calculated based on
the equation below. Solubility criteria were based on Do with cutoff of Do<I for high
solubility and Do>2 for low solubility.

where Mo 1s the highest dose strength (mg). Cs 1s the

Do = Mo solubility (mg/mL), and Vo 1s 250 mL, the mimimum volume
(Vo)(Cs)  that 1s available for a formulation to disintegrate and dissolve.
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Lipinski’srule-of-5: Physiochemical Properties:
ClogP: ClogP >5 indicates poor absorption or permeability.

Total polar surface area (TPSA): as a describtor for hydrogen binding and provide
relationship to permeability.

Results
A table listed 73 drugs that were classified to be not P-gp substrates (NS) and the respective
data for all selected factors. Doxepin was on number 20 with ER, TPSA, ClogP, Do, HIA and

BCS class listed as 1.1, 12.5, 4.09, 0.004, 27 and I, respectively.
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Conclusion

Doxepin appears to not be a P-gp substrate based on the data summarized in the result.
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The N-Demethylation of the Doxepin | somers |s Mainly Catalyzed by the
Polymorphic CYP2C19

A review of the following published paper is summarized for the identification of the
CYP450s responsible for the metabolisim of doxepin to its major metabolite, N-
demethyldoxepin (nordoxepin).

Pharmaceutical Research, Vol 19, No. 7, July 2002 (D 2082)

The N-Demethylation of the Doxepin
Isomers Is Mainly Catalyzed by the

Polymorphic CYP2(C19

Sebastian Hiirtter,"™ Gunnel Tybring.’

Thomas Friedberg.? Harald Weiemann,! and
Christoph Hiemke'

Method

Pooled human liver microsomes, chemical inhibitors, and recombinant human-CYPs, and
geno- and phenotyped human liver microsomes were utilized for studying the metabolism of
doxepin to N-demethyldoxepin.

Results

e More than 50% of the N-demethylation was inhibited (most prominently) by
tranylcypromine (CYP2C19).

e N-demethylation was inhibited to a lesser extent by Furafylline (CYP1A2) and
sulfaphenazole (CYP2C9).

e There were no effects observed by quinidine (CYP2D6) or troleandomycine
(CYP3A4).

e In microsomes, the maximum velocity in the N-demethylation was significantly (P <
0.05) lower with low CYP2C19 activity compared to those with high CYP2C19
activity.
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Conclusion

The polymorphic CYP2C19 plays a significant role for the N-demethylation of doxepin while
CYP2C9 and CYP1A2 play a minor role and CYP3A4 does not contribute substantially.
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Role of cytochrome P450 2D6 (CYP2D6) in the
stereospecific metabolism of E- and Z-doxepin

A review of the following published paper is summarized for the evaluation of the role of
CYP2D6 on the metabolism of E- and Z-doxepin.

Pharmacogenetics 2000, 10:591-603

Role of cytochrome P450 2D6 (CYP2D6) in the
stereospecific metabolism of E- and Z-doxepin

V.S. Haritos?®, H. Ghabrial®, ].T. Ahokas* and M.S. Ching®

“Key Centre for Applied and Nutritional Toxicology, RMIT-University, Victoria and *Department of Medicine, University of
Melbourne, Austin and Repatriation Medical Centre, Victoria, Australia

Method

Human liver microsomes and recombinant human CYP2D6 were utilized for demonstrating
the N-dermethylation and hydroxylation of E- and Z-doxepin.

Results

For N-demethylaton, the rate of Z-doxepin N-demethylation was found to exceed E-doxepin
at the concentration range of 5-1500 uM in human liver microsomes. The Eadie-Hofstee plot
suggested that there are several enzymes involved in N-demethylation. Reduced rate of N-
demethylation by 30-50% and 40-60% was observed when coincubation with 7, 8-
naphthoflavone and ketokonazole, respectively, indicating the involvement of CYP1A2 and
CYP3A4 while quinidine demonstrated little effect.

Most importantly, for hydroxylation, it was shown that E-doxepin and E-nordoxepin went
through hydroxylation extensively with high affinity in both human liver microsome and
recombinant CYP2D6 (Km~5-8 pM) while no evidence for hydroxylation was observed for
Z-hydroxylation.
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Conclusion

CYP2D6 appeared to be an important oxidative enzyme for doxepin metabolism, specifically
for hydroxylation. E-doxepin and E-nordoxepin were predominantly hydroxylated while
hydroxylation by CYP2D6 for Z-isomers was not evident.
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Office of Clinical Phar macology

New Drug Application Filing and Review Form

General Information About the Submission

Information Information
NDA Number N 22-036 Brand Name SILENOR
OCP Division (I, I1,111) | DCP-I Generic Name Doxepin HCI
Medical Division HFD-120 Drug Class Dibenzoxepin

Tricyclic agent that
acts as a selective

histamine H1
antagonist
OCP Reviewer Veneeta Tandon Indication(s) Insomnia
OCPB Team L eader Ramana Uppoor Dosage Form Tablets (1,3 and 6
mg)
Dosing Regimen | Adults: &mg,
increased to 6 mg
Elderly: E?dmg,
increased to {gand 6
mg
Date of Submission 1/30/08 Route of Oral
Administration
Estimated Due Date of 10/12/08 Sponsor Somaxon
OCP Review Pharmaceuticals
PDUFA Due Date 11/30/08 Priority Standard
Classification
Division Due Date 10/29/08
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Clin. Pharm. and Biopharm. Information
This application for SILENOR™ (Doxepin HCI) is being submitted as a 505(b)(2)
submission for the treatment for insomnia. In addition to studies conducted by Somaxon,
this NDA relies on safety and efficacy information of NDA 016-798 (Sinequane Capsules),
NDA 017-516
(Sinequane Oral Concentrate) and NDA 020-126 (Zonalon® 5% Cream), and published
literature.

Oral doxepin (Sinequan®) has been marketed in the United States as an antidepressant and
anxiolytic at recommended dosages of 75-150 mg/day (Sinequan® NDA Number 016-798,
Approved 23 September1969). Doxepin is also marketed as a Zonalon®, Cream 5%, a topical
cream for the treatment of short-term, moderate pruritis with atopic dermatitis or lichen simplex
chronicus.

Efficacy of Silenor 1 mg, 3 mg, and 6 mg was evaluated in six adequate and well-controlled
studies conducted in 1423 adult and elderly subjects with chronic insomnia (SP-0401, SP-0402,
SP-0501, SP-0503 and SP-0509) as well as in healthy adult subjects with experimentally-induced
transient insomnia (SP-0502). Assessment of safety also included data from five Phase 1 studies.
Across the Silenor clinical development program, 966 individuals were exposed to doxepin.

This NDA consists of

e Five Phase | studies: SP-0405, SP-0504, SP-0505, SP-0506, SP-0507

1. Dose proportionality with capsules and BE between tablet and capsule
(earlier formulation): DP 1-6 mg, and tablet and capsule were BE

2. Food effect with 6 mg: In the fed state, exposure parameters (AUCo-» and Cmax) of
doxepin were approximately 41% and 15% higher, respectively, compared to the
fasted state, and the median time to reach maximum plasma concentration (Tmax)
was delayed by approximately 3.0 h.: not to be taken with or immediately after a
meal

3. cimetidine PK DDI (non specific inhibitor): 2 fold increase in doxepin, but
little in nordoxepin

4. Sertraline PK PD DDI (weak 2D6 inhibitor): 20-30% increase in doxepin Cmax
and AUC

5. relative BA with Sinequan capsules: The relative bioavailability of Silenor was
approximately 70% that of Sinequan® based on the AUCo-«.

e Two Phase 2 studies: Dose response studies SP-0401 in adults, SP-0402 in elderly
o Four Phase 3 studies: SP-0501, SP-0503 and SP-0509, (SP-0502).

Doxepin HCl is a BCS class I drug, although classification has not been done formally by the
Agency. Sponsor does not mention that this product is BCS Class I Drug product.
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“X" if included at
filing

Number of
studies
submitted

Number of
studies
reviewed

Critical Comments If any

STUDY TYPE

Table of Contents present and
sufficient to locate reports, tables, data,
etc.

Tabular Listing of All Human Studies

HPK Summary

Labeling

Reference Bioanalytical and Analytical
Methods

XXX X

I. Clinical Pharmacology

Mass balance:

Isozyme characterization:

Inhibition study

Blood/plasma ratio:

Plasma protein binding:

Pharmacokinetics (e.g., Phase l) -

Healthy Volunteers-

single dose:

Dose Proportionality

multiple dose:

Patients-

single dose:

multiple dose:

Dose proportionality -

fasting / non-fasting single dose:

fasting / non-fasting multiple dose:

Drug-drug interaction studies -

In-vivo effects on primary drug:

cimetidine and sertraline DDI

In-vivo effects of primary drug:

In-vitro:

Subpopulation studies -

ethnicity:

gender:

pediatrics:

geriatrics:

Renal impairment:

Hepatic impairment:

PD:

Phase 2:

Phase 3:

PK/PD:

Phase 1 and/or 2, proof of concept:

Phase 3 clinical trial:

Population Analyses -

Data rich:

Data sparse:

. Biopharmaceutics

Absolute bioavailability:

Relative bioavailability -

solution as reference:

alternate formulation as reference:

Rel BE to Sinequan
capsules

Bioequivalence studies -

traditional design; single / multi dose:

capsule versus tablet

replicate design; single / multi dose:

Food-drug interaction studies:

with 6 mg tablets

Dissolution:

(IVIVC):

Bio-waiver request based on BCS

BCS class

Ill. Other CPB Studies

Genotype/phenotype studies:
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Chronopharmacokinetics

Pediatric development plan

Literature References

27

Total Number of Studies

5PK + 5PK +
2 in vitro+ 2 in vitro+
1 Assay+ 1 Assay+
Literature Literature
Filability and QBR comments
l. “X” if yes Comments
[. Application filable? Reasons if the application is not filable (or an
attachment if applicable)
For example, is clinical formulation the same as
the to-be-marketed one?
1. Commentssent to none

firm?
V.

QBR questions (key
issues to be considered)

Is dose proportionality established in the
therapeutic range?

What is the relative bioavailability to the
approved doxepin capsules?

Is there any food effect with Silenor?

Is a BE study between the clinical and to-be-
,marketed necessary?

Other comments or
information not included
above

Induction potential not known

Label not
e.g. study

completely updated with missing information;

in hepatic impaired

Primary reviewer
Signature and Date

Veneeta Tandon

Secondary reviewer
Signature and Date

Ramana Uppoor
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Table 5.2 Listing of Clinical Studies

Ty i Location of Study desizn: Test product(s); " If}'.!::_[th} Duration Stmd‘
_-—PE c_' Study I study Objective(s) tudy Gesign. Dizage regimen; T st _? o af - flm"
study report Type of confrol Route of admin subject: dmgn_u:ls of trentment Type of

patients i et
Food affecr SP-DEl4 | ME3LLL Effacts of food oo PR Pamdomized, open- i fablers; Single doses 18 Healthy 2days Comyplass;
Labal, crossover adeainisterad fad and fasted; po suljects Final
Daze lineariny | 3P-0405 MS3111 BE Pandomized, D11, [3, D capsulas, TG tabless; 15 Haalthy £ days Complass;
CIOSIOVer Sirgle dose of sach dose; po subjects Final
Ralative SP-DUENT | M53122 Felatve binavatlabilty Pandomized open- i tablets, doxepin 50 mz 14 zzalty 2 days Complets;
bioanailability of dowepin 6 mz tablets | label crossovar capsules; 3mgle dosz of sachin 2 subjects Final
compared to doxepin SEQUENCES, PO
S0z capsubes
DCmg SR-DENE | ME3341 PE of dowepin alons apd | Open-label fizad- i fablets, Cimetidine 300 mg; 12 faalthy 2days Complass;
Imbemaction in combination with SEqUEnCE Single doses administered dlone subjects Final
cimstidme and with cimetidine: po
DCmg SR-DENG | ME3411 PE and PD of doxapin Singla-blicd, double- | D6 tablats, sermalice 50 mg: 12 Haalthy 2days Complass;
Imbemaction alons and in combination | dummyy, fixed Single doses administered dlons subjects Final
with sermaling SEUEnCE and in combination with
serfraling; po
Efficacy and SP-J401 M53511 Evaluate slesp Couble-blind, B D1, D3, D6 capsales; Two &7 (67 Chromic 2 mights eack | Complazs;
safery mainiemance afficacy. rimdomized, placebo- | comsecutive nights dosing ofeach | dmg. 64 | primary atddouble- | Fioal
safety, and dose response | controlled, treamment, at four Teatnent placebo) | insompda blind
effects of 3 dose levels cmlticenter, 4 period | periods; po treatment
Crossover penods
Efficacy and SP-402 M53512 Evaluate slaap Couble-blind, P.L1, D3, D6 capsales; Two T4 (76 Chromic 2 oights each | Compless;
safery mammremance afficacy. randomized, placebo- | consecutive nights dosing of each | dmg. 73 | primary atd double- | Final
safefy, and dose response | comrolled, treatment, at four eaiment placebo) | insomeda blind
affects of 3 dose levels m | multcentsr, 4period | perods; po treatment
elderly patiants CIOSsOver perods
Table 5.1 Listing of Clinical Studies

Tvne of Location of Studv desizn: Test product(s); " I-|I::1I:I1} Duration .Smd:\.

TP o Study ID study Objective(s) tudy destgn, Dhsage regimen; W JKF? or of =tf1m==
study Type of control R £ admi subjects | diagnosis of Type of

report oute of admin patients treatment repart
Efficacy and 5R-0501 Mi3513 Evaluate fficacy and Couble-blind P. D3, Df capsules; Smgle mightly | 226148 | Chromic Compless;
safety safefy of 2 dose levels randomized, placebo- | dose of assizned wexment for 35 | dmg. 73 | primary Final
adninistered 33 coutrolled, nighiz pa placeba) | insompia
comsecutive mghis; rnilticenter, parallel
Patential rebound and group, fined dose
withedrawal affects upan
discoatimaation
Efficacyand | 3P-0502 Mi3514 Evaluate sleap omset Couble-blimd, P, D4 tablets; Single dose of 563 (283 | Healthy 1 might Comples,
safery efficacy and safety o ramdomized, placebo- | assigned trexmnent for one mpht. | dmg 2582 | subjects Final
domepin 6 me in amode]l | comrolled, po placsba)
of Tansi=nt nsomma emilticenter, parallel
group, single dose
Efficacy and SR-0503 M33513 Evaluae lons-tenn sleep | Double-blind P.D1, D3 rablets; Smgle mightty | 240(139 | Chromoic Compless;
safety efficacy and safery of 2 | romdomized, placebo- | dose of assigned treatment for 85 | dg. 81 | primary Final
dose Levels in elderly coutrolled, nighiz pa placeba) | insompia
patant multicenter, parallal
group, fxed dose
SR-0508 Mi35L16 Evaluate fficacy and Couble-blind P. D rablets; Single mphtly dose | 253 (130 | Chromoic Compless;
safery of dovepin 6 mg ramdomized, placebo- drug. 124 | primary Final
admimistered mghidy for | commrolled, placebc) | insomnia
4 wesks in elderty emilticenter, parallel
patent group, fixed dose

Cl=donepin T mg; Ti=donenin I me- Dé=doxepin § me; P=placebo.
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Table 2.5.1.1

Overview of Silenor Clinical Study Designs

Duration of Primary Treatment/Dose
Study, Location, Study Doxepin Subject Efficacy Secondary Efficacy Safety (Number of Subjects in
and Dates Design Exposure Population Variable Variables Assessments the Safety Analysis Set)
[Phase 1 Crossover Daytime Studies in Healthy Volunteers
SP-0405 R, CO, OL, 4days Healthy male NA NA TEAEs, vital signs, Doxepin [ mg *=15
1 center in the US  |dose (1 day oneach | subjects chimcal labs, PE. and | Doxepin 3 mg * =15
21 Ma}-‘_ 05— propm‘r.mna]_lry dose) 18-45 yrs ECG Doxepin 6 me * = 16
01 July "05 bioequivalence . -
- Doxepin 6 mg = 16
Total=16
SP-0504 R.CO,OL, [2days (1l day Healthy MF NA NA TEAEs, vital signs, | Doxepin 6 mg fed = 16
1 center in the US  (food effect each condition) | subjects chimeal labs, PE. and Doxepin 6 mg fasted = 15
30 Sep "05~ 18-45y1s ECG Total = 16
18 Oct 05
SP-0505 FS,CO,OL, |2 days (1 day Healthy MF NA NA TEAEs, vital signs, Doxepin 6 mg = 24
1 center in the US  |cimetidine PK |each condition) | subjects clinical labs, PE_ and | Cimetidine 300 me = 22
4:1 Oct ,05,_ teraction 1645 yrs ECG Doxepin 6 mg +
21 Nov "05 Cimetidine 300 mg = 22
Total =24
SP-0506 FS. CO, 2 days (1 day for | Healthy MF NA NA TEAEs. vital signs, | Doxepin 6 mg = 24
1 center in the US  [sertraline PK  |each condition) | subjects chimieal labs, PE. Sertraline 50 mg = 24
2 06— _AS e y =
21 Jan _06 and PD 18-45 yrs ECG,YDS.ST: SCT Dosepin 6 mg +
08 Feb "06 mteraction and VAS Sertraline 50 me = 24
Total = 24
SP-0507 R CO, OL, 1 day (plus 1 day| Healthy M/F NA NA TEAEs, vital signs, Doxepin 6 mg = 23
1 center in the US  |relative Slneqmm@) subjects climeal labs, PE, and | Smequan® 50 mg
02 Dec 05— bioavailability 18-45 yrs ECG capsules = 24
|22 Dec 705 Total = 24
Table 2.5.1.1  Overview of Silenor Clinical Study Designs
Duration of Primary Treatment/Dose
Study, Location, Study Daoxepin Subject Efficacy Secondary Efficacy Safety (Number of Subjects in
and Dates Design Exposure Population Variable Variables Assessments the Safety Analysis Set)

Phase 2 Chronic Insomnia — Studies Conducted in

a Sleep Laboratory

SP-0401 DB, R,PC. |2 nights each M/F subjects WTIDS WASO, TST, SE, TEAEs, vital signs, | Placebo =66

11 centers in the | MC, dose  |dose 5-or 18—64 yrs with LPs, SEHr 8, WTAS | clinical labs, PE, ECG,| Doxepin 1 mg * = 66

us response, 12-day washout | chronic (b}: PSG) & <TST. DSST, SCT, VAS, Doxepin 3 111;_1 66

Tl *04—Sep 04 4—p9f10_d between periods | jnsomnia sWASO, LSO and sleep architecture DO; 5 = e
CIOSSOVEr xepin 6 mg ]

Total =67

SP-0402 DB,R,PC. |2 mights each M/F subjects WTIDS WASO, TST, SE, TEAEs, vital signs,  |Placebo =73

11 centers in the | MC, dose dose 5-or 265 yrs with LPS, SEHr 8, WTAS | clinical labs, PE. ECG, Doxepin | mg * =74

us response, 12-day washout | chronic (by PSG) & sTST, DSST. SCT, VAS Doenin 3 111; al7s

o, N 4-period between periods | insomnia sWASO, LSO and sleep architecture e s -

Sep "04=Jan 05 | occocar Doxepin 6 mg * =74

Total =76

Phase 3 Chronic Insomnia — Stud

ies Conducted in Sleep Laborator

v and Outpa

tient Settings

SP-0501 DB, R.PC, |35 nights of DB | M/F subjects WASO WTDS, TST, SE, TEAEs, vital signs, | Placebo =73
22 centers in the | MC, PG, dosing 18—64 yrs with %P'?AEESI_EIS clinical labs, PE. ECG.| Doxepin 3 mg * = 75
Us fixed dose chronic TTAS ast DSST, SCT, VAS, | poxenin 6 ma® = 73
. e insomnia quarter (by PSG) & rebound msommia, et I i
Jun "05-Dec "05 STST. sSWASO. LSO Tyrer's Symptom Total =221
Checklist, and sleep
archatecture
SP-0503 DB, R PC. | 85 nights of DB | M/F subjects WASO WTDS, TST. SE, TEAEs, vital signs, | Placebo =381
31 centers in the MC, PG, dosing 265 yrs with LPs, SEHrg, clinical labs, PE, ECG,| Doxepin 1 mg = 77
s fixed dose chronie WTAS, SE last DSST, SCT, VAS. R,
msomnia quarter (by PSG) & Doxepin 3 mg = 82

Sep "05-Sep "06

sTST, sWASO, LSO

and sleep architecture

Total = 240
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Table 2.5.1.1

Overview of Silenor Clinical Study Designs

Study, Location,

Study

and Dates Design

Duration of Primary
Daoxepin Subject Efficacy
Exposure Population Variable

Secondary Efficacy
Variables

Safety
Assessments

Treatment/Daose
(Number of Subjects in
the Safety Analysis Set)

Phase 3 Chronic Insomnia — Study Conducted in an Qutpatient Setting

SP-0509 DB. R, PC
32 centers in the MC, PG,
s fixed dose
\Tan *06—Sep '06

28 mghts of DB
dosing

chronic
insommnia

M/F subjects
=265 yrs with

sTST

LSO and sWASO

TEAEs. vital signs
clinical labs, PE, and
ECG

Placebo = 124
Doxepin 6 mg = 130
Total = 254

Phase 3 Transient

Insomnia — Stu

1dy Conducted in a Sleep Laboratory

SP-0502
6 centers in the

us

Feb "06—Tun '06

MC, PG,

DB, R PC 1 mght of DB
dosing
smgle-dose

transient
insomnia

Healthy M/F
subjects 25-55
yrs with induced|

LPsS

WASO, WTDS, TST,

SE, SE Hr 8, WTAS,
SE last quarter (by
PSG) & sTST,
sSWASO, LSO

TEAEs. acute vital
signs, clinical labs,
PE, ECG, DSST, SCT.
VAS, and sleep
architecture

Placebo = 282
Doxepin 6 mg = 283
Total = 565

Table 2.7.1.3

Quantitative Composition per Tablet of Uncolored CTM, Registration
and Proposed Commercial Batches

? Equivalent to 1.03 mg of doxepin 25 the free base
* Equivalent to 3.0 mg of doxepin as the free base
! Ecurvalent to 6.0 mz of doxepin as the free base
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Ingredient 1 mg Tablet 3 mg Tablet 6 mg Tablet
Batch CTM | Registration | Commercial | CTM Registration | CTM Registration
Disposition (Yellow) (Yellow) &
Commercial Commercial
. (Blue) (Green)
Doxepin HCL O3 300° 3390 6.780° 6.780
USP
®@ ® @
Magnesinm | ]
| Stearate © (4)_ i |
Colloidal Silicon
Dioxide | i
D&C Yellow No. LR
10 (b) (4)
(b) (4)
(b) (4) 7 7]
FD&C Blue No. |
1 (b) 4)
: ®) (4) R - R
Total weight 150 150 150
* Equivalent to 1.0 mg of doxepin as the free base ) @
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Biopharmaceutics Review

NDA: 22-036
Submission Date: January 30, 2008
Type of Submission: 3S

Product name Silenor™ (doxepin HCI)

Dosage Form: Tablet

Dosage Strengths: 1 mg, 3 mg, and 6 mg

Sponsor: Somaxon Pharmaceuticals, Inc.
Background

The CMC reviewer asked that a review be conducted to determine whether
doxepin HCI qualifies as a highly soluble and highly permeable drug according
to the Biopharmaceutics Classification System.

Silenor (doxepin HCI) is indicated for the treatment of insomnia. Itis an
immediate release tablet in three strengths (1 mg, 3 mg, and 6 mg). The tablet
formulation was developed using standard @@ The
main differences between the capsule used in early clinical development and
the tablet formulation is the presence of Rl

in the tablet that possess ® &

In this submission, the sponsor is planning to add a colored, @@ £ilm-
coat as a mean to visually distinguish between different strengths. However, in
order to make this addition, the sponsor has to perform other changes to the
manufacturing process, including the following:

(b) (4)

The sponsor submitted the following information to assess the solubility and
permeability of Doxepin and concluded that Doxepin is highly soluble and



highly permeable drug substance according to the Biopharmaceutics
Classification System.

Assessing Solubility

The sponsor determined the intrinsic solubility of doxepin HCI
potentionmetrically using a ?@titration methodology. All
experiments were titrated from low to high pH, and precipitate was observed.
The sponsor reported that the observed solubility ranged from 649 mg/250 mL
at pH=7.5 to 19 mg/250 mL at pH=11.9, and concluded that according to
Henderson-Hasselbach theory, when the potentiometrically-generated solubility
data are plotted in the range of pH 1 to 7.5, doxepin HCI clearly demonstrates
solubility values consistent with a Class 1 molecule as defined in the
Biopharmaceutic Classification System (BCS).

Reviewer’s Note:

The sponsor did not use sufficient number of pH conditions to define the pH
solubility profile. Depending on the pKa of doxepin, the solubility should be
determined at pH = pKa, pH = pKa +1, pH =pKa -1, and at pH 1 and 7.5. The
sponsor did not provide the solubility data/profile generated and did not mention
whether concentrations of the drug substance in selected buffers (or pH
conditions) were determined using a validated stability-indicating assay that can
distinguish the drug substance from its degradation products.

Assessing Permeability
The sponsor determined the in-vitro permeability of doxepin HCI, USP using
Caco-2 human colonic-derived cell line.

When the highest dose of doxepin HCI (i.e. 6 mg) is dissolved in 250 mL, the
resulting concentration is 76 pM. Due to analytical method sensitivity, the
doxepin HCI concentrations tested in these permeability experiments were 100
uM, 10 uM and 1 pM. Table 1 presents the permeability data for these three
concentrations of drug.

Table 1. Doxepin HCI, USP A-to-B Permeability as a Function of
Concentration

Nominal Doxepin HCI Dosing 1 10 100
Concentration (uM)

Permeability (1077 cm/sec) 17.7+100 2322105
Recovery (%a) 574+430 645+250

1] ==
=

19
A3

Lad| =

]| b

The mean recoveries of doxepin HCI at all three tested concentrations were
relatively low, ranging from 57.4% to 77.7%. The sponsor stated that these
results indicate that some doxepin HCI adhered to the device and/or
accumulated in the cells. Subsequent mass balance experiments demonstrated



the intracellular accumulation of doxepin HCI in the cells of Caco-2 monolayers
as seen in Table 2 below.

Table 2. Mass Balance Results

Diosing o Mean Deoxepin HC] Concentration (phd) Mass
o | Direction Measured | Becerver at 43 | Doner at 45 ] Balance
(ukd) . i Lyzate P

Dosing min min - (Fa)
1 A-to-B 108 00404 0.512 0,394 03 1%
B-ta-A B 0141 0829 0266 20 4%
10 A-to-B 10.9 0308 5.42 274 28 .9%
) B-to-A o 182 Q.00 219 84 8%
. A-to-B 7.81 504 12.0 06.2%
00 g5 109 %3 305 1.8 08 5%

A-to-B permeability values for doxepin HCl increased as the dosing
concentrations increased. The recovery of doxepin HCI followed the same
pattern. The sponsor stated that the increased permeability at higher
concentrations of doxepin HCl is solely caused by the intracellular accumulation
phenomenon which is more significant at lower drug concentrations.

The sponsor stated that the lack of directional dependence [i.e. basolateral-to-
apical (B-to-A) versus apical-to-basolateral (A-to-B)] of drug substance
permeability in cell monolayers expressing efflux transporters is also an
evidence of a passive transport mechanism. Table 3 presents the doxepin HCI
bidirectional permeability data.

Table 3. Doxepin HCI, USP Bidirectional Permeability

Nominal Doxepin HC1 Dosing 1 10 100
Concentration (uM)

A-to-B permeability (10° cm/sec) 17.7+£1.00 232+1.05 376+£1.19
B-to-A permeability (10° cm/sec) 226253 274 =256 366 =640
B-to-A vs. A-to-B permeability ratio 1.28 1.18 0.974

The experiments included low and highly permeable drugs, atenolol and
pindolol respectively, as reference compounds. These reference compounds
have fractional absorption in humans of about 50% and 90% respectively.

Table 4 presents the measured A-to-B permeabilities of doxepin HCI, and the
internal control compounds pindolol and atenolol.



Table 4. A-to-B Permeability of Doxepin HCI, Pindolol and Atenolol

Nominal Doxepin HC1 Dosing 1 10 100
Concentration (pM)
Doxepin HC1 Permeahility 177199 232+105 376=1.19
(10 cm/sec)
Recovery (%) 574=430 645+2.50 777313
Pindolol Permeability 114105 010=0535 125=1.02
-fl{l"f' ci/sec)
Recovery (%) 038+226 01.0+£277 06.0=286
Atenolol Permeability 0.143=0.0654 | 0.198=0.0462 0266 =0.120
(10°¢ cm/sec)
Recovery (%a) 87.7+323 BO4+3352 906206

The permeability rank order of doxepin HCI and the reference compounds was
doxepin HCI > pindolol > atenolol at all three concentrations.

Reviewer’s Note:

Since the permeability of the doxepin HCI was much higher than pindolol, which
has a reported absorption in humans of 90%, it can be inferred that doxepin
HCl is considered a highly permeable drug substance.

Assessing Dissolution

The sponsor performed disintegration and dissolution testing for doxepin tablets

to assess the effect of changing tablet compression force on dissolution. The

change to @@ \vas proposed to e
Table 5 below shows dissolution as a

function of tablet hardness.

Table 5. Silenor Disintegration and Dissolution as a Function of Tablet

Hardness
(b) (4)

Reviewer’s Note:

Although this review did not assess whether dissolution testing suffices as
evidence of equivalency between product before and after the change, the
dissolution data in Table 5 above indicates that tablet disintegration time




Disintegration in this
issolution to assess the effect of

case seems to be a more sensitive test than
a change on drug product quality.

Comments to Chemistry Reviewer
A preliminary review was performed of the following information provided by the CMC
Reviewer, Dr. Sherita McLamore:

e Section 3.2.S.1.3. General Properties (doxepin HCI, USP, Plantex LtdL)

e Section 3.2.R.2.P. Comparability Protocol

e Study Report No: 7SOMAP2R@GLPS43

Doxepin could not be classified as Class | (Highly Soluble and Highly
Permeable) drug product for the following reasons:

Houda Mahayni, Ph.D.
Biopharmaceutics Reviewer
Office of New Drug Quality Assessment

Patrick Marroum, Ph.D.
Biopharmaceutics Expert
Office of New Drug Quality Assessment
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Executive CAC
Date of M eeting: November 4, 2008

Committee: David Jacobson-Kram, Ph.D., D.A.B.T., OND IO, Chair
Abby Jacobs, Ph.D., OND 10, Member
Paul Brown, Ph.D., OND 10, Member
Barbara Hill, Ph.D., DDDP, Alternate Member
Lois M. Freed, Ph.D., DNP, Supervisory Pharmacologist
MelissaK. Banks, Ph.D., DNP, Presenting Reviewer

Coordinator: Sam Habet, R.Ph., Ph.D., OND IO, Senior Clinica
Pharmacologist/ Science Policy Analyst (Detail)

Author of Draft: MelissaK. Banks, Ph.D.

NDA #. 22-036

Date of Submission: January 30, 2008

Drug Name: Silenor™ doxepin hydrochloride
Sponsor: Somaxon Pharmaceuticals

Thefollowing information reflects a brief summary of the Committee discussion
and conclusions:

Doxepin isatricyclic compound exerting histamine (H;) receptor antagonism, which is
currently being developed as a sedative-hypnotic; it is FDA approved as an
antidepressant and anxiolytic (as Sinequan®) and for the treatment of atopic dermatitis &
lichen simplex chronicus (as Zonalon®). Based on results of an in vitro bacterial reverse
mutation assay, an in vitro chromosomal aberrations assay (HPBL) and an in vivo rat
micronucleus assay, doxepin is not genotoxic. To evaluate the potential for
carcinogenicity, the sponsor performed a 26-week transgenic mouse assay in Tg.rasH2
mice; Executive CAC concurrence on the doses used in the study was not requested prior
to initiation of the study.

Mouse Car cinogenicity Study

Doxepin was administered orally (by gavage) at doses of O (vehicle: water for injection),
25, 50, 75 and 100 mg/kg in male and femal e transgenic Tg.rasH2 mice for 26 weeks.
Survival rate was not significantly affected, although mortality rate was slightly increased
in high dose males. A dlight but statistically significant and dose-related decreasein
mean body weights was observed. At the high dose, mean body weight was reduced by 9-
13% compared to controls. The high dose appeared to be an MTD in males and females,
based on body weight and clinical signs; data from previous studies indicate that higher
doses were not tolerated. Histopathological evaluation of afull battery of tissues was
performed on al control and doxepin-treated groups. Neoplasms were detected in the
nasal cavity (adenocarcinomas), lung (adenomas and carcinomas) and spleen
(hemangiosarcomas), but not in a dose-related manner. The sponsor considered the
occurrence of nasal cavity and splenic tumors to be “noteworthy”, but concluded that



doxepin was not tumorigenic. Urethane-treated positive controls were used to verify the
sensitivity of the assay; the expected increases in pulmonary and splenic neoplasms were
observed.

Executive CAC Conclusions

The Committee concurred that the study was adequate and that there were no drug-
related neoplasms.

David Jacobson-Kram, Ph.D., D.A.B.T.
Chair, Executive CAC

cc:\
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