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I.  Executive Summary
Nicotine as a nicotine replacement therapy (NRT) is available in many different formulations,
such as polacrilex chewing gum, transdermal patch, inhaler and nasal spray. On 12/15/00, the

sponsor submitted NDA 21-330 for a new dosage form, Nicotine Procrilex 2 and 4 mg Lozenges.

This NDA was deemed approvable (letter dated 10/19/01) with several deficiencies identified.
The Agency’s Comment # 4 indicated as follows (page 3):

“The following comments pertain to the specification for dissolution.
a. Provide acceptance criteria as follows:
1 hour: minimum and maximum

3 hours: minimum and maximum

6 hours: minimum

APPEARS THISWAY =
ON ORIGINAL



v,

b. Provide acceptance criteria in the USP Chapter <711> or Chapter <724> format.

¢. Provide data and analysis to support the proposed acceptance criteria.”

On 03/11/02, the sponsor responded with additional dissolution data and proposed new

specifications. The sponsor’s new data for nicotine 2 and 4 mg lozenges, and proposed
specifications are reviewed and found acceptable.

A. Recommendation

The 03/11/02 submission addressing deficiency # 4 of the 10/19/01 aprovable letter has
been reviewed and found to be acceptable. The proposed specifications as shown below
for nicotine 2 and 4 mg lozenges at 1, 3, and 6 hrs are acceptable;

Atlhn

At3 hr: -

At6hr: Q:= ——
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III. Summary of Clinical Pharmacology
and Biopharmaceutics Findings

In the original submission, the dissolution methodology and specifications were as follows:

Apparatus Type: USP Type I, basket

Media: Phosphate buffer (pH 7.4)

Volume: 900 mL

Speed of Rotation: 100 rpm

Sampling Time(s): 1 hour and 8 hours

Dissolution Specification: Q — at 1 hourand Q — at 8 hours.

In the 10/19/01 approvable letter, the Agency’s Comment # 4 indicate,{i as follows (page 3):

“4. The following comments pertain to the specification for dissolution.

a. Provide acceptance criteria as follows:

1 hour: minimum and maximum
3 hours: minimum and maximum

6 hours: minimum

b. Provide acceptance criteria in the USP Chapter <711> or Chapter <724> format.

c. Provide data and analysis to support the proposed acceptance criteria.”

On 03/11/02, the sponsor submitted additional dissolution data (5 stability batches per strength)
with the following specifications proposed.
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Please see Appendix 1 for individual and mean dissolution data for details. Submitted and
reviewed also was the survey of the dissolution data (at 1 and 8 hrs) from' === ~commercial
batches manufactured for non-US markets (

T——

The above new dissolution data were reviewed and it is concluded that the proposed
specifications are acceptable.
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IV. Question Based Review

General Biopharmaceutics

1.

Are the proposed dissolution specifications at 1, 3, and 6 hrs
adequately validated and acceptable? .

Yes. Review of individual data (n= === batch and 5 initial stability batches/per
strength), showed that all had . ~———— dissolved at 6 hrs. The survey of ==

commercial batches (UK), however, showed that in 2 batches of 4 mg lozenge, it
had one individual lozenge each dissolved —— at8 hrs — and <— Forthe

consideration of shelf life of the lozenges, the specification, i.e., Q= — at 6 hr

proposed by the sponsor is, therefore, acceptable. The mean dissolution data and
profiles of nicotine 2 and 4 mg lozenges are shown below:

Table 2. Mean Dissolution Data
Initial Stability Dissolution Profiles ~ All Batches (2 mg/4 mg)

WEAN | MININUM | MAXWAUM] MEDIAN | STD DEV ] %RSD
1 Hour 3 - 4 1,49 4,28
2 Hour 0 %0 1.71 3.4%

s Hour 45 63 ifan | orf Dl b4 - s 3,5()L
4 Hour 75 t 75 .59 1.44
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Figure 1. Mean Dissolution Profiles for Nicotine 2 and 4 mg Lozenges
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V. Appendix

Appendix 1

Individual and Mean Dissolution Data
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Inftlat Dissclutlon Proffies » 2 mg Stabllity Batches (5)
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PROJECT ONE CENT (NICOTINE POLACRILEX | OZENGES)
INITIAL DISSOLUTION PROFILES FOR PACKAGE STABILITY BATCHES
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PROJECT ONE CENT (NICOTINE POLACRILEX L OZENGES)
INTTIAL DISSOLUTION PROFILES FOR PACKAGE STABILITY BATCHES
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Clinical Pharmacology and Biopharmaceutics Review

NDA: 21-330 Submission Date: December 15, 2000
Drug Name, Dose and Formulation: Nicotine Polacrilex Lozenges, 2 and 4 mg

Sponsor: SmithKline Beecham Consumer Healthcare, LP., Parsippany NJ 07054-3884

Type of Submission: Original NDA Reviewer: Shinja R. Kim, Ph.D.

SYNOPSIS:

Nicotine as a nicotine replacement therapy (NRT) is available in many different formulations,

such as, polacrilex chewing gum (Nicorette®), transdermal patch, inhaler and nasal spray. NRT
products are different in their patterns, rates and quantities of dosing and in resultant
pharmacological effects.

Five pharmacokinetic studies have been conducted in humans to characterize the PK profile of
Nicotine Polacrilex (NPA) Lozenges. Initially two pilot single dose studies were conducted
comparing NPA lozenge with Nicorette® gum at 2 and 4-mg dose levels (Studies N98001 and
N96016). Based on the findings from these early development studies, the sponsor has conducted
additional PK studies: (1) Bioequivalence study comparing 3 mg NPA lozenge and 4 mg
Nicorette® gum (S1410092). (2) Multiple dose study applying different dosing regimens to NPA
lozenge and Nicorette® gum (S1410091). (3) A study to compare the PK profiles when the
lozenge was administered as directed and not as directed (S1410090). Also, a simulation was
carried out to predict the C,, and the extent of absorption if the lozenge were to be administered
every 60 minutes (as opposed to ¢90 min in S1410091). Additionally, the sponsor provided the
dissolution method and the proposed Specification. Overall, these 5-PK studies provided the
adequate PK characterization of the NPA lozenges, however the Proposed Dissolution
Specification was less than satisfactory. /i
- //’

Comment to the sponsor: The Agency recommends that 3-point dissolution specification as
follows;

Atlhr: ——

At3hr: ~———

At6 hr:

RECOMMENDATION:

The NDA 21-330 is acceptable from the Clinical Pharmacology and Biopharmaceutics

perspective provided the sponsor takes the above comment under consideration. Above comment
should be conveyed to the sponsor.

Shinja R. Kim, Ph.D.
Division of Pharmaceutical Evaluation II

Suresh Doddapaneni, Ph.D., Team Leader

cc: NDA (21,330), HFD-170 (Division File; MilsteinJ), HFD-850 (Lesko), HFD-870 (KimSh,
DoddapaneniS, MalinowskiH), CDR (Zom Zadeng)

~~r
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BACKGROUND: The following describes the nicotine ADME Properties.

Absorption: Nicotine is a tertiary amine, with a pKa of 8.0 (weak base). The extent of buccal
absorption varies with the pH; nicotine is well absorbed in the mouth from alkaline smoke (cigar)
and buffered moist snuff or chewing gum, but little is absorbed from acidic smoke (cigarette).
The oral bioavailability of nicotine is about 25 to 30%. Nicotine absorption from cigarette
smoking is very rapid and is completed when the person stops smoking, whereas, input from the
nicotine gum (or smokeless tobacco) has a small lag time, peaks and declines during the 30-
minute period of chewing, then continues for more than 30 minutes after oral nicotine use has
stopped. This prolonged absorption is probably related to the absorption of swallowed nicotine
(Benowitz NL, 1990). In contrast to inhalation, the oral route of absorption is expected to result

in gradual increase in nicotine concentrations in the brain-with relatively little arteriovenous
disequilibrium. . '

Metabolism and Excretion:

Nicotine is extensively metabolized to a number of metabolites, all of which are less active than
the parent compound. Cotinine is the major metabolite, and is formed by two-step process, via
CYP450 enzyme (CYP2A6) and aldehyde oxidase. As cotinine has a half-life of 15-20 hours and
its blood levels are 10 times higher than nicotine, it is often used as a marker to confirm smoking
abstinence. Plasma nicotine levels decline in a bi-exponential manner, with a short initial haif-
life of approximately 7-10 minutes followed by an elimination half-life of approximately 2 hours
(range 1-4 hours). Total clearance for nicotine following intravenous infusion ranges from
approximately 62 to 89 L/hr. Renal clearance for nicotine is estimated to be about 5-25% of total
clearance. Nicotine and its metabolites are excreted almost exclusively in the urine. The renal
excretion of unchanged nicotine is highly dependent on urinary pH; urinary pH < 5, an averags
23% of the nicotine dose is excreted unchanged. When urinary pH is maintained above 7.0,

urinary excretion of unchanged nicotine reduces to 2%. Average renal clearance is 1L/h in
alkaline urine and 14.7 L/h in acidic urine.

NDA 21-330



SUMMARY

1. What are the characteristics of the to-be-marketed Nicotine Polacrilex lozenge
formulation?

The drug substance, Nicotine Polacrilex (NPA), is produced by ion-exchange reaction of Nlcotme
USP and in aqueous media followed by
A compressed tablet (lozenge) formulation was chosen for development, and would provide a
different oral formulation of NRT. The lozenge was formulated as a mild mint-flavored oral
lozenge that releases nicotine upon exposure to an aqueous media. This lozenge formulation has
the same drug substance, used in the OTC formulations for Nicorette® 2 and 4 mg gum
manufactured by Pharmacia & Upjohn. The quantitative compositions of the 2 and 4 mg NPA
lozenges are shown in table below.

Ingredient Name * Composition
’ (mg/lozenge)
2 mg lozenge 4 myp lozenge
Nicotine Polacrilex, USP'  —— —e———
Mannitol, USP* —————
Sodium Alginate, NF? T
Xanthan Gum, NF* e

Potassium Bicarbonate, USP”

Calcium Polycarbophil, USP*

Sodium Carbonate, NF* ¢ e
Aspartame., NIF

- - ’ /-—”————‘v—.
Magnesium Stearate NF T e
e — T —— e -
' Total lozenge weight 1200.000 1200.000 -

"' Amount of Nicotine Polacritex, USP will vary depending upon the poicncw (nonunally
am AW Ricotine).

" Amount of these ingredients (added as | e - 1% adjusted dependent on

the caleulated quantity of Nicotine Polacrilex, USP used.
* Usedasa == ayf evaporates durng the

2. What are the PK parameter values of the NPA lozenge?

Parameters Mean + SD
Cinax (ng/ml/mg-base) 23+03
AUC (ng.h/ml/mg-base) 86115
Tmax (hr) 1.0 £ 0.06
tin (r) 23103
Accumulation factor 2.8, 3.9"

“Every 90 min dose *Every 60 min dose

3. Is the pharmacokinetics of the drug linear?
It appears that C,, and AUC proportionally increase as dose increased from 2 to 4 mg.

4. What are the pharmacokinetics differences between NPA lozenge and Nicorette® gum?

Although the released nicotine undergoes similar buccal absorption and/or ingestion

(swallowing), nicotine is not completely released from the gum base (the sponsor indicated that
-

NDA 21-330 s



the amount of nicotine released from the gum was approximately 30% lower than that from the
lozenger). This difference in nicotine availability appears to be responsible for difference in PK
between these two formulations: the mean Cy,x and AUC,... achieved from the lozenge was
approximately 7-10% and 20-30%, respectively, higher than those obtained from the gum (single
dose). Mean T, and t), were similar between the lozenger and the gum (i.e., 1.0 £ 0.06 vs. 0.85
4+ 0.04 hour for Traxand 2.3 £ 0.3 vs. 2.1 £ 0.4 hour for t)p).

5. Dose the sponsor proposed dosing regimen appropriate per PK perspective?

Since Cuy and AUGC,... achieved from the lozenge were higher than those from the gum after
single dose, a multiple dose study (S1410091) was conducted applying dosing intervals q90min
for lozenge and g60min for gum. The study results showed that approximately 20% lower steady
state Cp. from the lozenge compared to that from the gum. Therefore, a simulation of the
plasma concentration-time curves for 4 mg lozenge administered every 60 min was performed;
The model generated steady state C,« from lozenge was 34.9 ng/ml (by this reviewer’s
simulation), which was about 8% higher than observed Cy,, from Nicorette® gum. The sponsor
proposed an initial (i.e., 1-6 week) lozenge dosing regimen of ‘one lozenge every ™ to 2 hours’
with the maximum of *=lozenges a day’, as opposed to ‘one piece every 1-2 hrs’> without
exceeding | masss a day for the Nicorette® gum. Dosing regimens for rest of weeks (i.e., 7-12
weeks) are the same for both formulations. Alternatively, the lozenge could be given q 1-2 hrs
for initial period if Crax of 34.9 ng/ml is considered to be safe in order to lessen the confusion of
dosmo regimen between NPA lozenge and Nicorette® gum.

6. What would be the effects of incorrect use (misuse) of this product?

When the lozenge was administered as directed (i.e., Treatment A = move the lozenge from side

to side in their mouths every 4 seconds until complete dissolution of the lozenge, S1410090), the

nicotine Cpax and AUC were higher compared to two other modes of administration representing

misuse; ie., Treatment B = chewed and immediately swallowed; Treatment C = chewed, held in

- the mouth for 5 minutes and then swallowed. Chew and swallowing immediately (Treatment B)
resulted in about 30% lower Cgux and AUC.

7. Are the bioanalytical methodology validated appropriately?

Determination of nicotine in plasma samples from the PK studies were carried out by

- LC/MS/MS. This analytical method was specific, sensitive and adequately validated. The assay
results were found to be overall acceptable; cotinine (major metabolite) level in plasma was not

measured, however, this is not an essential information that needs to be obtained.

8. Does the dissolution test conditions and specifications appear to be appropriate to the
physiological state, and related to in vivo PK studies?

The sponsor developed the i vitro.dissolution method in which the drug is released within 8
hours, although NPA lozenge dissolves approximately in 20-30 minutes in vivo. However, the
proposed method can be used appropriately for characterizing the quality of the drug product as a

quality control measurement and thus ensures batch-to-batch consistency. On the other hand, the
sponsor’s proposed Specification is not adequate.
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STUDY N98001

Study Type: Single dose PK/Relative Bioavailability

Protocol Title: Single-Dose Pharmacokinetics of Nicotine Following Oral Administration of a 2
mg Nicotine Lozenge and a 2 mg Nicorette® Gum in Healthy Volunteers.

Volume: Electronic submission

Clinical Investigators:

Study Design: Open-Label, single dose, randomized, two-way cross-over, at least 3 days
washout period, over night fast of 12 hours. The subjects were required to chew the Nicorette®
gum approximately once every 4 seconds over 30 minutes or to move the nicotine lozenge in

theirs mouths approximately once every 4 seconds over 20 minutes to achieve complete
dissolution of the lozenge. ‘

Subject Breakdown

Demographics
Gender 12 Males, 13 females
Age (mean+SD, range) 33.711.5 years (18.8-52.3 years)
Body mass index (meantSD) | 25.444.2
Formulation:
Treatment Group | Dose Dosage Form Strength Lot
Treatment A 2 mg "Lozenge 2 mg 982074
Treatment B 2mg Nicorette® gum | 2 mg ZD705A
Analytical Methodology /

Plasma Sampling Times: blood samples were collected at 0 hour (predose), at 2.5, 5, 10, 20, 30,

45 minutes, 1, 1.5, 2, 3, 4, 6, 8 and 12 hours postdose. In addition, the used Nicorette® gums -

- were collected and analyzed for residual nicotine contents.

Assay Method: LC/MS/MS

Assay Sensitivity: LOQ of ~== for nicotine. . mwre fOr
nicotine. 7 -
Accuracy and Precision: REp—— ]

Labeling Claims: None (OTC)

Objective: To evaluate (1) PK of nicotine after administration of a 2 mg nicotine lozenge dosage

form and 2 mg Nicorette® gum (primary); (2) subjective characterization of the two dosage
forms (secondary).

Results: The mean + SD nicotine plasma concentration-time curves and PK parameters of the
two dosage forms are shown in Figure 1 and Table 1, respectively. Tnax of nicotine occurred
significantly later for the nicotine lozenge (median 1.0 h) than Nicorette® gum (median 0.75 h,
p = 0.02). Approximately 10 and 30% larger C,.x and AUC, .., respectively for the lozenge
compared to the gum (the sponsor claims that this is due to the higher dose of nicotine available
from the lozenge). The time to complete lozenge dissolution ranged from === with

NDA 21-330 8



amean + SD of 20.8 + 1.3 minutes. It was reported that there was no definitive preference
expressed by the subjects for either of the study dosage forms.

Table 1. Summary of pharmacokinetic parameters.

Parameter 2 mg NPA Lozenge | 2 mg Nicorette® gum 90% CI

(Treatment A) (Treatment B) A/B
Canax, Ng/mML 44117 40+15 0.97-1.22
Trax", hours 1.0+ 04 0.8 0.2 -
AUCy., ng hour/mL 13.5+7.4 10.7 £ 6.6 -
AUCG,..., ng hour/mL 14.119.2 11.3+7.6 1.15-1.45
Tyn, hours 23+1.0 2.5+1.2

*significant p = 0.02

Figure 1. Mean+SD nicotine plasma concentrations after administration of the 2 mg nicotine
lozenge and 2 mg Nicorette® gum in 23 healthy volunteer smokers.

N98001

Plasma nicoting concontration (ng/m!
" - @

STUDY N96016

Study Type: Single dose PK/Relative Bioavailability
Protocol Title: Single-dose Pharmacokinetics of Nicotine Following Oral Administration of a
Novel 4 mg Nicotine Lozenge Dosage Form and Nicorette® Gum in Healthy Volunteers.
Volume: Electronic submission
Clinical Investigators:

Study Design: Open-Label, single dose, randomized, four-period cross-over, at least 3 days

washout period, overnight fast of at least 8 hrs. Each volunteer received each dosage form twice
during the study to provide an internal replicate control: During each treatment period, one 4 mg
nicotine lozenge (move periodically in the buccal cavity approximately once every 4 seconds) or

one piece of 4 mg Nicorette™ gum (chew at a rate of approximately once every 4 seconds) was
administered over an approximately 30-minute period.

Subject Breakdown

NDA 21-330



Demographics
Gender 6 Males, 6 females

Age (mean+SD, range) | 31 6 years (21-42 years)
Body mass index 24.6 +£4.3 (range 17.4-31.5)

Formulation:

Treatment Group | Dose Dosage Form Strength | Lot
Treatment A 4 mg Lozenge 4 mg 967194
Treatment B 4 mg Nicorette™ gum | 4 mg 6HO7CD

Analytical Methodology

~ Plasma Sampling Times: blood samples were collected at 0, 0.25, 0.5, 0.75,1, 1.5, 2, 3,4, 6, 8

and 12 hr post dose. In addition, the used Nicorette® gums were collected and analyzed for
residual nicotine contents. '
Assay Method: LC/MS/MS

Assay Sensitivity: LOQ of  smsmsmsie
L e RRERRSE

nicotine and cotinine, respectively. Assay was
nicotine and cotinine, respectively.

Accuracy and Precision: = sesssesn

Labeling Claims: None (OTC)

Objective: To evaluate (1) pharmacokinetics of nicotine after administration of a 4 mg nicotine

lozenge dosage form and 4 mg Nicorette™ gum (primary); (2) the subjective characterization of
the two dosage forms (secondary).

Results: The mean + SD nicotine plasma concentration-time curves of the two dosage forms are
shown in Figure 1 and Table 1. Approximately 10% higher C,, and an approximately 30%
greater AUC,... for the lozenge (The sponsor claims that this is due to the higher dose of nicotine
available from the lozenge). The time to complete lozenge dissolution ranged from 27 to 41
minutes, with a mean + SD of 33 £ 4 minutes. It was reported that subjective responses following
the completion of each study period were similar for the gum and lozenge.

Table 1. Pharmacokinetic parameters of nicotine after replicate administration of the 4 mg
nicotine lozenge and the 4 mg Nicorette® gum to 12 healthy volunteer smokers.

Parameter

4 mg NPA Lozenge | 4 mg Nicorette™ gum 90% CI
(Treatment A) (Treatment B) A/B
Conax, D/ML 10.8 £4.7 10.0 £2.9 0.86-1.35
Tonax'» hOUrs 1.1+£03 0.9+0.2 -
AUCq.y, ng hour/mL 41.6£23.6 33.1+15.0 -
AUCo.., ng hour/mL 44.0 £26.5 34.6+17.6 0.97-1.50
Tiz, hours 2.3+0.6 2107
*significant p = 0.03
JJ
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Figure 1. Mean adjusted plasma nicotine concentrations: Lozenge vs. Nicorette gum

14 —e—4 mg nicotine fozenge

—=— 4 mg Nicorette gum

Plasma nicotine concentration (ng/mf

Time (h}

STUDY S1410090

Study Type: Single dose PK/Relative Bioavailability (misuse)

Protocol Title: A Single Dose Pharmacokinetic Study of 4 mg Nicotine Lozenge to Determine
Potential Misuse.

Volume: Electronic submission.
Clinical Investigators:

Study Design: Open-Label, single dose, randomized, three-way cross-over, at least 24 hours
washout period, overnight fast of at least § hrs. Each volunteer was randomized to receive the
following treatment: Treatment A = use as directed; Treatment B = chewed into pieces and
immediately swallowed; Treatment C = chewed into pieces and the residue and saliva held in the
mouth for 5 minutes before swallowing.

Subject Breakdown

Demographics )

Gender 11 Males, 11 females

Age 30.3 9.2 years (range, 20-50 years)
Weight 68.5 + 12.5 (range, 49.6-105.2 kg)
Race 22 Caucasians

Formulation: For treatments A, B, and C: Nicotine 4 mg lozenge manufactured by SmithKline
Beecham Consumer Healthcare, Lot No: 9010FP-9006, Expiration date: 30 Jun 2000.

Analytical Methodology .

Plasma Sampling Times: blood samples were collected at 0, 0.25, 0.5, 0.75,1,1.5,2,3,4, 6, 8

and 12 hr post dose for analysis of nicotine plasma concentrations.

Assay Method: LC/MS/MS

Assay Sensitivity: LOQ 0f *  ssssomamss nicotine and cotinine, respectively. ——
AN nicotine and cotinine, respectively.

NDA 21-330 11



Accuracy and Precision: #7

Labeling Claims: None (OTC)

Objective: To demonstrate the pharmacokinetic profile from a single dose of a 4 mg nicotine
lozenge when the normal use of the lozenge was compared to the use of the lozenge contrary to
label instructions, as follows: When the lozenge was chewed and immediately swallowed or
when the lozenge was chewed, retained in the mouth, and then swallowed.

Results: The arithmetic means of plasma nicotine pharmacokinetic parameters, and statistical
comparison for In-transformed parameters, are summarized in the following Tables 1 and 2. As

shown in tables and Figure 1, AUCs and C,,, from NPA lozenge were higher when used as
directed compared to when it was misused.

Table 1. Summary of the pharmacokinetic parameters of plasma nicotine for Treatment B and A.

Phamacokinetic Treatment B Treatmeut A 9%0% C! e Mecan

Parameters Mean Sb Mean SD Rawo
Cmax tng ml.y 5.667 2188 2.800 2438
Tmax the L 049 0974 01
AUC. . ing=hrimb) 1838 .42 2816 0826
ALC, Cingthemb 2400 6.970 038 RN
TH2 ey 2. 0.827 258 1.33
Kel i hes 0333 0.0913 [RE 0121
LN{Cnuax) 1.657 0.4193 199 02633 61.2-52.3 1.0
LN(AUC 2816 0.5449 AR KX 0445 61.7-85.8 AR
EN(AUC ) 3.162 $.2997 3.3W 0.3224 67.9-80.1 8

Treamment B = Lozenge was chewed and immediately swallowed.
Treaument A = Lazenge was used as direcred (reference)

Table 2. Summary of the pharmacokinetic parameters of plasma nicotine for Treatment C and A.

Phamuacokingtic Treatmem ¢ Treatnent A WK L Yv Mean

Parameters Mean Sh Mean SD Rauo
Coax tagmiy 6.779 2.0t 7.800 243
Tinax thr) 14 0.467 0974 0.321
AUC, . ng*hremloy 2349 10.54 2516 9.826
AUC. . ing*hr:ml) 2873 10,38 30.78 9.887
T2 (hre 215 0578 5% 133
Kel (1hry (RS2 0.0882 0322 012
LN(Cmax 1.870 0.3030 199 0.3688 76.0-102.2 881
EN(AUC o 3.05% 0.4201 LR RS 04348 5.9-109.7 E2X()
IN(ALC 3.307 0.3164 AT 0.1224 RS.5-100.3 9.6

Treatment C = Lozenge was chewed, held in the mouth for 5 minutes, and then swallowed.
Treatment A = Lozenge was used as directed (reference

NDA 2]-330 12



Figure 1. Mean baseline adjusted plasma nicotine concentration-time profiles after 4 mg NPA
Lozenge

—a-ay directed

—s-chewed and swallowed

-o-Chewed, retsined and swallowed

Nicotino Concontration (ng/mL)

. '
Time (hour)

STUDY S1410091

Study Type: Multiple dose PK/Relative Bioavailability

Protocol Title: An open label, four-way crossover study to determine the steady state PK of four
nicotine dosage forms.

Volume: Electronic submission.

Clinical Investigators:
Study Design: Open-Label, randomized, four-way cross-over design. Subjects dosed every 90
minutes for 9 doses (2-mg and 4-mg lozenges) or every 60 minutes for 13 doses (2-mg and 4-mg
gum), with minimum 8 hrs of overnight fast, and minimum of 4-day washout period.

Subject Breakdown

Demographics
Gender 12 Males, 14 females

Age (meantSD, range) 29 + 11 years (26-54 years)
Weight (mean+SD, range) | 154 £ 23 (120-201 lbs)

Formulation:
Treatment Group | Dose Dosage Form Strength | Lot
Treatment A 2mg Lozenge 2 mg 9009FP8001
Treatment B 4 mg Lozenge 4 mg 9010FP8001
Treatment C 2mg Nicorette® gum | 2 mg ZMT751A
Treatment D 4 mg Nicorette® gum | 4 mg AA7S2A

Analvtical Methodology

" - Plasma Sampling Times: During Treatments A and B, subsequent blood samples were collected

imirfé;diately before the 7%, 8™, and 9™ dose, and following the 9" dose, every 10 min for 90 min.

: Duiiqg.Treatments C and D, subsequent blood samples were collected immediately before the
s 11", 12", and 13™ dose, and following the 13™ dose, every 10 min for 60 minutes.
.*-.‘Assay Method: LC/MS/MS

NDA 21-330 13



Assay Sensitivity: LOQ - s , nicotine and cotinine, respectively. wemes:

L Ao, _ for nicotine and cotinine, respectively.
Accuracy and Precision: S o nicotine
and cotinine, respectively. TR nicotine and

cotinine, respectively.

Labeling Claims: Sponsor proposed the following dosage schedule for NPA lozenge.

Week 1 through 6 " ]| Week 7 through 9 Week 10 through 12

1 lozenge every w2 hrs | 1 lozenge every 2-4 hrs | 1 lozenge every 4-8 hrs
Discontinue use of the lozenge at the end of 12 weeks (3 months)
Do not use more than— lozenges per day

Objective: To characterize the PK parameters and bioavailability of 2-mg and 4-mg nicotine
lozenges in comparison to 2-mg and 4-mg Nicorette® gum at steady state.

Results: The arithmetic means of plasma nicotine pharmacokinetic parameters, and statistical
comparison for In-transformed parameters, are summarized in the following Tables 1 and 2. As
shown in tables and Figure 1, dosing every 90 minutes for lozenge and every 60 minutes for gum
resulted in higher steady state AUCq.r and Cp,y with gum compared to those with lozenge in this
study. Therefore, it appears that in order to achieve comparable effect (concentrations) with gum
the lozenge dosage form may needs to be frequently administered than every 90 minutes.

Additionally, it appears that dose proportionality has been achieved between 2 and 4 mg for two
dosage forms.

Table 1. Steady State Pharmacokinetics Parameters for Plasma Nicotine after 2 mg NPA lozenge
administered every 90 minutes and 2 mg nicorette® gum administered every 60 minutes.

2 mu Lozense' 2 e Nitoreue Gum’ 7
Pharmacokinetic Arithmetic o Arithmetic Mean
Paranxicrs Mean Sb Mean SD D0a () Ratie
Cimax {ngiml.) 12,688 o184 16084 TR A8 -95.4 80.1
Cinnamgindly 9382 5128 12,363 3.059 SR8 917 EAR
Tmax ihn) 0.547 0208 0881 018y TS e
ALC o ing*hrimly RY Wl 1323 413 20.2% 65 -919 76.3
LN{Cmax) 2461 0.1%06 2.6m 4.4180 TIR-882 80.7
LNLALC,, - 364 0.4069 1628 0.ANG L -837 772

T = 180 minutes.

ALCuy for lozenge was ALCe, multplied by 2 and AUCk: for gum was AUCe, multiplied by 3.
' Dosing every 90 minutes

© Dusing every 60 minutes

APPLARS THIS way
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Table 2. Steady State Pharmacokinetics Parameters for Plasma Nicotine after 4 mg NPA lozenge
administered every 90 minutes and 4 mg nicorette® gum administered every 60 minutes

4 mu Lozenge' 4 mg Nicoretie Gum®
Pharmacokinetic Arithmetic Arithimetic Mean
Parameters Mean SD Mean SD 90% CI Ratie
Coux (ngeml) 26.019 13.0M1 243 . 13.746 T3.1-88.8 80.8
Cmin ing'rml) 19.747 11306 26.943 12.837 658 -31.0 734
Tinax (hr) 0.649 0.367 0.535 0.180 99.1 - 1439 1215
AUC r(ng*hriml.} 61.27 308 8778 39.24 69.6 - 843 770
LN{Cmax) Rt G4112 4o 0.3758 12.2--80.2 7%.9
EN{AUC, <) 4. 106 04288 4.39%6 0.3925 62.0-81.2 74.9

T = 180 minutes.
ALCu for lozenge was ALCuo, multiplied by 2 and AUCu ¢ for gum was AUCs multplied by 3.

1 Dﬂsilig every 90 minutes
2 Dusing every 60 minutes

Figure 1.

T v T —Tr—T T T LD Eae B S S aae S B e e M —r
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STUDY S§1410092

Study Type: Bioequivalence

Protocol Title: A Single Dose Pharmacokinetic Study of Two Nicotine Dosage Forms.
Volume: Electronic submission. '
Clinical Investigators: -——
Study Design: Open-Label, randomized, two-way cross-over design. Overnight fast of at least 8
hrs, and washout period of minimum of 4 days. Subjects were required to move the nicotine
lozenge in their mouth every 4 seconds to achieve complete dissolution of the lozenge (Treatment
A) or to chew the Nicorette® gum once every 4 seconds over 30 minutes (Treatment B).

~x
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Subject Breakdown

Demographics
Gender 38 Males, 27 females
Age (meantSD, range) 30 £ 10 years (19-54 years)
Weight (mean+SD, range) | 163 £ 29.3 (111-236 Ibs)
Formulation:
Treatment Group | Dose Dosage Form Strength | Lot
Treatment A Img Lozenge 3mg 9014FP9008
Treatment B 4 mg Nicorette® gum | 4 mg AATS2A

Analytical Methodology

Plasma Sampling Times: t=0, 0.25, 0.5, 0.75, 1, 1.5, 2, 3, 4, 6, 8, and 12 hours post dose.

Assay Method: LC/MS/MS

Assav Sensitivitv: LOO '
Accuracy and Premsxon
I

z

IR N

Labeling Claims: None (OTC)

for nicotine and cotinine, respectively.

hdasaic, .

. or nicotine and cotinine, respectively.

ARRERERR

Objective: To demonstrate bioequivalence of single dose 3 mg nicotine lozenge to single dose 4
mg Nicorette® gum.

Results: Bioequivalence was demonstrated between 3 mg NPA lozenge and 4 mg Nicorette gum

as shown in Table 1.

i

Table 1. Baseline Adjusted Pharmacokinetic Parameters for Plasma Nicotine after Single Dose 3
mg Lozenge and 4 mg Nicorette® Gum

2harmacokinetic

R

e Lozenge

4 me Nicoretts Gui

Arithmetic

Arnthmene Mean
Paramclers Mean 5D Mean sD ALl Ratio
Cmazx ingimb) 71473 1.861 ] 20428 23716
Tmax thr; 0.940) 0.340 0.R17 0.274
AUC ipg*hrimby m7 6.175 L2136 S
AUC  _ong*hrimly 2374 6719 2343 LA8
T k0 1.RR i.43 1.6% 0629
Kelinr: 0443 021 404 0.239
LN CUmaxs 1233 12635 2629 0.33RE 4.2 -977 $0.7
IN-AUC, 2087 03214 2.994 0.3721 I -14074 99.3
LN AUC, ., 1212 (3.2769 3177 0).3-410 6.4 - 1115 105.7
APPEARS THIS WAY i
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Figure 1. Mean+SD Plasma Nicotine Concentrations after NPA Lozenge 3 mg and 4 mg
Nicorette® Gum
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PK Modeling Report

Study Tvpe/Title: Modeling/Simulation of muitidose plasma levels for 4 mg nicotine polacrilex
lozenge administered every 60 minutes.

Objectives: (1) Development of a PK model for nicotine polacrilex lozenge formulations based
on single dose plasma data for the 3 mg nicotine polacrilex lozenge; (2) Simulation of steady
state plasma curves for the 4 mg nicotine polacrilex lozenge administered at 60 minutes.

Data: PK model for nicotine polacrilex lozenge was constructed based on the data following an
administration of 3 mg nicotine polacrilex lozenge (Study. S1410092). Curve fitting of plasma
data was performed using WinNonlin software, assuming 1-compartment, first order elimination
model with no lag time. The following parameter estimates were obtained: Volume/F =
0.287283 L, K, = 1.719248 hr'", K. = 0.440215 hr'.

Simulation: The sponsor used Prediction error (%PE) to evaluate ‘goodness’ of simulation
predictability: %PE = 100 * (observed value-simulated value)/observed value. As per the FDA
guideline, %PE of < 10% is considered acceptable. Based on this %PE criteria, the model
predicted steady state Cy for the lozenge (90 min administration) is ~14%, not close enough to .
be acceptable; the sponsor reported that %PE for Cp,, was 5.5% (Table 1), which was obtained

by Cmax of 23.73 ng/ml, which is not accurate value. The observed plasma level from the study
S1410091 was 26.02 ng/ml (not 23.73 ng/ml).

This reviewer obtained another set of PK parameter values based on the data from study
S1410091 (i.e., 4 mg nicotine polacrilex lozenge q90min), since %PE of 14% is not acceptable.
As shown in Table 2-b, the simulated C.x and AUCq.go were within 10% PE. The predicted
steady state C.x and AUCq ¢ were 34.9 ng/ml and 33.9 ng.hr/m], if 4-mg nicotine polacrilex
lozenge was dosed q60min (Table 2-c). This simulated C.y of 34.9 ng/ml is about 8% higher
than observed Cpax of 32.2 ng/m! following Nicorette® gum dosed at q60min.

APPEARS THIS WAY -
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Table 1: The simulated and observed C,,, and the AUC,5, values after the 9" dose

(i.e., steady state) of 4 mg NPA lozenge, reported by the sponsor.

Parameters Average Observed | Simulated Values | %PE,
Values'

Claa (ng/mi) at 2373 22.42 5.5

steady state

AUC (ng.hr/ml) at 33.64 34.68 3.1

steady state

' calculated based on mean plasma levels for 26 subjects (Study S1410091)

Table 2. Simulated and observed steady state Cp,,x and AUCyg values of 4-mg nicotine

polacrilex lozenge administered every 90 or 60 minutes.

Mean Observed Simulated
Parameters Values' Values
Crnax (ng/mi) 26.02 22.42° 242° 34.9°
%PE - 13.8% 7.0% -
AUC (ng.hr/ml) 33.64 31.63° 33.93 33.93°
%PE - 6.0% 0.9% -

"Based on S1410091, 4-mg lozenge q90min (n=26 subjects)
*Simulation by the sponsor (qQ90min)

*Simulation using Volume/F = 0.262 L, K, =1.72 hr‘], K.=045 hr‘l, q90min
‘Simulation using Volume/F = 0.262 L, K, = 1.72 hr, K.=045 hr"', q60min

Dissolution Method and specification

Proposed Dissolution Method and Specification for 2 mg and 4 mg Nicotine Polacrilex Lozenges
are as follows: ‘ - C

’
;

Apparatus Type: USP Type I, basket

Media: Phosphate buffer (pH 7.4)

Volume: 900 mL

Speed of Rotation: 100 rpm

Sampling Time(s): 1 hour and 8 hours

Dissolution Specification: Q = —— at 1 hourand Q = ~— ., at 8 hours.

Eight-hour dissolution profiles were generated on 5 batches each of Nicotine Polacrilex 2 mg and
4 mg Lozenges. These batches were manufactured at commercial production site, SmithKline
Beecham Consumer Healthcare (SBCH) Aiken, South Carolina using { aesensmwy

sk using Nicotine Polacrilex ¢ b, ———— T —

. Also these batches were used in the primary package stability studies
and clinical studies. Table 1 summarizes the mean rate of dissolution generated at each hourly
interval for the five batches. A graphical depiction of the mean dissolution profiles for each
product variant is presented in Figure 1.

Note: The lozenge dissolves in vivo within ~20 to 30 minutes when used as instructed. The
sponsor indicated that the proposed in vitro dissolution specification dose not reflect the physical
erosion that occurs against the oral mucosa during the periodic manipulation of the lozenge
within the mouth. However, the proposed in vifro test is “an appropriate quality control measure
for characterizing the quality of the drug product and ensures batch-to-batch consistency™.

=
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Table 1. Dissolution Profiles for 2 mg (top panel) and 4 rhg (bottom panel) NPA: Individual
batch results are mean value from 6 lozenges. All batches were tested according to USP
Apparatus I (basket) in 900 mL of phosphate buffer (pH 7.4) at 37 £ 0.5°C and 100 rpm.

-~
BATCH NUMBER: (- .
- N Average :
e Bt K Rallin] wal oz Mean ST DEV I *Arsh Minlmum § Maximum
' Mo % | oM 1s 3¢ 16 as of 24 o
+ 4
2 Hows 51| sa 48 st 52 [ 1.¢ 30 —
T
3 Hour &b ot al [\ 06 [ 22 34
t
4 Housr " 13 b ™ 9 17 24 3 :
< Hows 6 54 53 © g 56 2o 10 : j
 Huus a3 90 88 4 9s 92 29 2 |—
. i
7 Houy 97 9% 94 3 BT 9 24 28 ————
L
X Howr 100 9 v ot TN ton 23 23 ——————— ‘
BRATCH NUMBER: 9010FP-
- Average
Clime PN YiHK RILIN (LT oz Mean NIDDEV ] s%Rsh Minlmun Mavimum
1 Hoar kR 32 32 34 R a3 [ 20 .
- T
2 Hour RS 47 EAY S S EX) ta 33
L)
3 Hour 6 o0 &3 [ ~ 62 2t X —_ -
T
4 Hour M ki ke e ” 4 24 iz ——
. -+
3 Hour 82 8¢ 82 3 8 83 B | v ————
6 Hour 8 L 8y vl A y(: 23 24 P
F i
7 tlour a3 a3 as an ax as 19 a0 -
T T 1
X Howr ” 97 » ] o2 ) tu M o—
Figure 1. Mean rate of dissolution for 2 and 4 mg NPA
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Since Nicotine Polacrilex was supplied by two sources, (comparative) dissolution studies were
performed using 0.1 N HCl, Water and USP buffer medias at pH 4.5, 6.5 and 7.4; however, the

results of dissolution profiles in pH 7.4 phosphate buffered media are shown here only. - . -
- . -

Note: (1) —— —

- However, the sponsor indicated that the physical characteristics of both NPA sources
are comparable and interchangeable for pharmaceutical use. (2) The drug product batches used in
each comparative dissolution study are as follows; Batches 9009FP-9009 and 9010FP-9005, for 2

and 4 mg, respectively, were made by = =i apnd 9009FP-9002 and 9010FP-9002 for 2 and 4
mg, respectively, were by ., ="

Table 2. Dissolution Profiles of 2 mg and 4 mg Nicotine Polacrilex Lozenges in pH 7.4

2 mg Losenge 1 mg Lozcape 4 mg Losenge 4 mg Lozcnpe

- - NPA) e NI'A) o—— NPA) —— NPA)
Time Mean sn Mcan s Mcan S . Mcan b
1 hour 30 13 3io (S04 19 10 a7 09
2hour 494 22 EEN 1.7 77" 7 418 1.2
3 hour 63.8 16 629 1.3 6.2 MR 6.8 1.7
4 hour 758 16 T 1.4 24 19 BRI 1.7
£ hour %3.9 P8 810 [ 817 2 %29 )
6 hour 50.2 28 «rd \.: ’3.2 2 5 R 21
7 hour 94§ 1 LIRS ] 9401 iz 941 1.8
% hour 96.0 1.6 97.3 1.3 96.8 2.0 U6 R 1.8

SD = Sundard deviauon, Foc means, o= 120

Figure 2. Dissolution Profile Comparisonfor 2 (left panei) and 4 mg (right panel) Nicotine
Polacrilex Lozenges in pH 7.4.
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Dissolution profiles between lozenges prepared with the two sources of NPA, the sponsor made
the following conclusions based on study results:

L.

2.

As a consequence of the formulation technology employed in Nicotine Polacrilex Lozenges,
Water was found unsuitable as a dissolution media for testing.

The dissolution profiles were similar for 2 and 4 mg lozenges manufactured with the two
NPA substances in the 4 dissolution media tested — namely, 0.1 N HCl, pH 4.5 Acetate
Buffer, pH 6.5 Phosphate Buffer and pH 7.4 Phosphate Buffer.

The % Nicotine released from the lozenges tested after 1 hour reached approximately — in
0.1N Hydrochloric Acid and — in Phosphate buffer at pH = 6.5. After 8 hours the Nicotine
was released at approximately —— in both media.

Relative to the other medias, significantly lower % Nicotine release was observed in Acetate
buffer at pH = 4.5 (i.e., approximately — after 1 hour and approximately ~— after 8
hours).

The Difference Factors (f;) and Similarity Factors (f2) determined for the 2 and 4 mg Nicotine
Polacrilex lozenges in the four SUPAC medias indicate that source of NPA does not effect
the in vitro dissolution profile of the drug products.

Difference Factor Similarity Faclor
fAcceptance Cruernia: §) — 15) [ Acoeplance Cotena: S0 — 100)
Acctate | Phosphate | Phosphate Acetate | Phosphate } Phosphate
U N o - NN GIN - - -
HOL Butiter Bufter Butter HCL Buhcl: Butfc{ Bufler
pH 4.5 nH 6.5 pH 74 pH 4.5 nH 6.3 pH 7.4
2 mg Lozcnge Comparison
-— 4 - — : N
4 myg Lozenge Comparison J ! ! L 1 ! !
t -

Comment: The Agency recommends that 3-point dissolution specification as follows;
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