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ABSTRACT

Introduction: Cigarette smoking remains a
substantial public health problem. Nicotine
replacement therapy (NRT) is an effective
treatment that increases the success of a quit
attempt. There are different NRT formats with
no difference in efficacy, but their pharmaceu-
tical form or route of administration may
translate into individual preferences. A novel
prototype mini lozenge was developed to offer
smokers a new NRT option to aid in their quit
attempt. Two studies were conducted to char-
acterize the pharmacokinetic parameters and to
evaluate its bioequivalence to a commercially
available nicotine mini lozenge.
Methods: Two randomized, open-label, cross-
over studies were conducted to evaluate either
the 2 or 4 mg dose level. Heavy smokers in
otherwise good health were randomly assigned
to one of two treatment sequences: the proto-
type mini lozenge followed by a commercially
available mini lozenge, or the converse. After a
5 to 7 day washout period, subjects crossed over
to receive the other study treatment. Blood

sampling occurred pre- and post-dose nicotine
and was assessed using a validated solid-phase
extraction with ultra-high-performance liquid
chromatography and tandem mass spectrome-
try. The primary endpoint was bioequivalence
as determined by maximal plasma nicotine
concentration (Cmax) and the extent of nicotine
absorption (AUC0–t and AUC0–?). The sec-
ondary endpoints included the time to Cmax

(Tmax), half-life, the elimination constant (Kel),
and safety.
Results: The prototype mini lozenge was bioe-
quivalent to the commercially available mini
lozenge, with no significant difference in Cmax,
AUC0–t, or AUC0–? or any of the secondary
outcomes. The most common treatment-emer-
gent adverse event was throat irritation, of
which all cases were mild in severity. There were
no serious adverse events.
Conclusion: The prototype mini lozenge is
bioequivalent to a commercially available mini
lozenge and may provide smokers with a new
oral NRT option to aid in smoking cessation and
of tobacco dependence through the relief of
nicotine withdrawal symptoms, including
cravings.
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Key Summary Points

Why carry out this study?

Nicotine replacement therapy (NRT) has
been demonstrated to be an effective
treatment to aid in smoking cessation and
of tobacco dependence through the relief
of nicotine withdrawal symptoms,
including cravings

The present analysis evaluated the
pharmacokinetics of the novel prototype
mini lozenge and determined its
bioequivalence to a commercially
available mini lozenge

What was learned from the study?

The prototype mini lozenge was
bioequivalent to a commercially available
mini lozenge with no difference in
pharmacokinetic parameters between the
treatments

The prototype mini lozenge may provide
smokers with a new NRT option to help
aid in their quit attempt

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.14605407.

INTRODUCTION

Cigarette smoking remains a substantial public
health problem, causing more than 7 million
deaths each year worldwide, with an additional
1.2 million deaths attributed to second-hand
smoke [1]. In addition, cigarette smoking is
associated with an increased risk of morbidity
and mortality from cancers, diabetes mellitus,
and diseases of the cardiovascular,

cerebrovascular, and respiratory systems. [2]
Despite these risks, an estimated 1.3 billion
individuals use tobacco worldwide, including
34.3 million who smoke cigarettes in the USA
[1, 3].

Nicotine is highly addictive, as it is rapidly
absorbed and reaches the brain within 10–20 s,
where it causes positive psychoactive and neu-
roadaptive effects over time [4, 5]. In addition,
individuals develop anticipatory cues, such as
an urge to smoke after eating a meal; positive
reinforcement mechanisms such as improved
mood and heightened vigilance; and negative
reinforcement mechanisms such as withdrawal
symptoms including irritability, anxiety,
impaired concentration, and increased appetite
[6–8]. Taken together, these effects contribute
to the extreme difficulty of achieving a suc-
cessful quit attempt from smoking. This diffi-
culty was highlighted in the 2015 National
Health Interview Surveys (NHIS), in which only
7.4% of the 68% of adult smokers who wanted
to quit smoking were successful [9]. Further-
more, individuals required a mean of 2–6 quit
attempts before they were successful [9, 10].
Therefore, although quitting smoking improves
health and prolongs life-years, many individu-
als have difficulty successfully quitting cigarette
smoking and would benefit from treatments
that are indicated as an aid to smoking cessation
and of tobacco dependence through the relief of
nicotine withdrawal symptoms, including
cravings.

Nicotine replacement therapy (NRT) is rec-
ommended by the United States Public Health
Service (USPHS) guideline as a first-line treat-
ment for smoking cessation [11]. It is an effec-
tive treatment that increases the success of a
quit attempt [12]. There are currently six forms
of NRT available in the USA, four of which are
available over-the-counter (OTC). Among these
options, there are long-acting forms, such as the
nicotine patch, and short-acting forms, such as
the lozenge, mini lozenge, gum, nasal spray,
and inhaler. The efficacy is similar between
these forms [13], but their pharmacokinetics
(PKs) differ in terms of their maximal plasma
nicotine levels (Cmax), the time to reach Cmax

(Tmax), and their half-lives (t1/2). Short-acting
NRT offers a convenient form with faster
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craving relief than long-acting forms. For
lozenges, the main difference is visualization
and taste. The multiple formulations and non-
prescription status of many NRT formats
enables broad access and enables smokers to
choose the format that best fits their personal
preferences and lifestyle, which may further
improve their chance of successfully quitting
smoking.

A novel mini lozenge form, referred to herein
as the prototype mini lozenge, has been devel-
oped to offer smokers an innovative new short-
acting NRT option with a new mint flavor that
may be preferred by some individuals. In these
studies, in order to receive the marketing
authorization, it was necessary to demonstrate
the bioequivalence to the commercially avail-
able nicotine mini lozenge. Therefore, the aim
of the present study was to evaluate the bioe-
quivalence of two different doses of a new,
innovative prototype mini lozenge with a
commercially available mini lozenge among
smokers.

METHODS

Study Design

The present analysis includes two single-center,
open-label, randomized, four-treatment, two-
period, crossover studies conducted between
June and November 2018 and June to March
2019 in Lincoln, Nebraska. The aim was to
evaluate the bioequivalence of two different
doses of the prototype mini lozenge with a
commercially available mini lozenge among
smokers. The team involved in the analysis of
nicotine in plasma samples was blinded to
treatment; however, the participants and the
clinical staff were aware of the treatment
administered because of visual differences in
the prototype and commercially available mini
lozenges. The studies were reviewed and
approved by an independent institutional
review board (IRB) at Advarra IRB and the
studies were conducted in full compliance of all
relevant laws and regulations in the USA and
with the requirements specified in the Declara-
tion of Helsinki, and in accordance with the

Good Clinical Practice guidelines of the Inter-
national Council for Harmonisation of Techni-
cal Requirements for Registration of
Pharmaceuticals for Human Use. All subjects
provided written informed consent prior to any
study-specific procedures. Subjects could with-
draw from either study at any time for any
reason.

Study Subjects
Subjects were recruited to the study through
Celerion’s subject database and recruitment
campaigns that included advertisements
through social media, newspaper, and booths at
shopping malls and fairs. All subjects were
considered heavy smokers, defined as having
smoked cigarettes for at least 12 months with
the first cigarette of the day smoked within
30 min of waking. Subjects were in otherwise
good health, with key inclusion criteria
including age 19–55 years and body mass index
(BMI) of 19–28 kg/m2. Subjects were excluded if
they had an acute or chronic medical or psy-
chiatric condition or laboratory abnormality
that many increase their risk of taking the study
treatments; current pregnancy or breastfeeding;
history of regular alcohol use of more than 14
drinks per week; a positive illicit drug screen
including tetrahydrocannabinol; and, drinking
more than five cups of coffee or tea per day.
Subjects were not allowed to use NRT, tobacco
products other than cigarettes, or electronic
cigarettes within 21 days of the first study ses-
sion. Other key exclusion criteria included use
of prescription or experimental drugs within
2 weeks or five half-lives prior to the first dose of
the study drug, except for contraception or
hormone replacement therapy, and any known
or suspected allergies/intolerances to the study
treatment, or any medical condition that could
alter the absorption, distribution, metabolism,
or excretion of the nicotine.

Sexually active subjects of childbearing
potential were required to agree to appropri-
ately using a highly effective method of con-
traception during the study period and for at
least 5 days after the last treatment dose. In
addition, subjects of childbearing potential
underwent a serum pregnancy test during the
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screening visit and at check-in prior to the first
and second treatment sessions.

Treatment Periods
Subjects underwent a screening visit prior to the
studies. For both studies, subjects were confined
to the facility for the duration of each treatment
period for a total of 60 h each. Each confine-
ment period included a baseline check-in visit
with randomization, pretreatment phase lasting
36 h, and a treatment phase lasting 24 h. Dur-
ing confinement, the subjects abstained from
smoking, which was confirmed by an expired
carbon monoxide (CO) of 10 ppm or less as
measured by a calibrated Bedfont Smokerlyzer
(Bedfont Scientific Ltd, Harrietsham, UK). Pre-
specified CO measurements were obtained at
baseline, immediately before randomization,
and prior to dose administration. In addition,
there were four random CO measurements
during each treatment period. Subjects also
abstained from alcohol and strenuous exercise
48 h prior to each blood collection.

Washout
The washout period began 24 h after the study
treatment was administered during the first
treatment period and lasted from 5 to 7 days.
Subjects were allowed to smoke cigarettes dur-
ing the washout period. Smoking abstinence
was required during the second treatment per-
iod as it was during the first treatment period.

Study Treatments
Subjects were randomly assigned to one of two
dosing sequences in each study with the wash-
out period between the different study treat-
ments. The sequences included 2 or 4 mg of the
prototype mini lozenge followed by 2 or 4 mg of
a commercially available mini lozenge (GSK
Consumer Healthcare, Aiken, South Carolina,
USA), respectively, or 2 or 4 mg of the com-
mercially available mini lozenge followed by 2
or 4 mg of the prototype mini lozenge, respec-
tively. Study treatments were administered as a
single dose given at approximately 8:00 a.m.,
after a 10 h overnight fast. The clinical staff
provided subjects with the standard directions
for mini lozenge use consistent with the

product label. Subjects placed the lozenge into
their oral cavity and occasionally moved the
lozenge from side to side to allow it to dissolve
slowly, without chewing and while minimizing
swallowing.

Study Assessments

Screening Visit
All subjects participated in a screening visit at
least 2 days before random assignment, during
which they underwent standard screening pro-
cedures, and physical and clinical exams. Sub-
jects’ level of nicotine dependency was
measured using the Fagerstrom Test for Nico-
tine Dependence (FTND).

Treatment Periods
The check-in visit occurred 2 days prior to the
beginning of each treatment period to ensure
that subjects abstained from nicotine use 36 h
prior to the first study treatment. The baseline
visit occurred 1 day after the check-in visit,
during which expired CO was measured and
subjects were randomized at the beginning of
the first treatment visit within 36 h before the
study treatment was administered.

Subjects received a single dose of the study
treatment at the beginning of the second
treatment visit, which lasted for 24 h. Blood
sampling occurred pre-dose and post-dose.

At the end of the second treatment visit,
subjects underwent a washout period of
5–7 days followed by the second treatment ses-
sion in which subjects received their second
treatment sequence.

Sample Collection
Blood was collected for PK analyses during the
first and second treatment periods of both
studies. The blood specimens were collected
beginning 45 min prior to and up to and
including 24 h after study drug administration.
Samples were collected at 45, 30, and 15 min
predose, then 5, 10, 20, 30, 40, 50, 60, 75, and
90 min postdose, then 2, 3, 4, 6, 8, 10, 14, 20,
and 24 h postdose. For each time point, 6 mL of
blood was collected via direct venipuncture into
tubes containing K2EDTA and plasma was
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harvested for further analyses. Plasma was split
into two aliquots and stored frozen at - 20 �C
until analysis.

Plasma nicotine concentration was deter-
mined by a certified bioanalytical laboratory
(Celerion, Lincoln, Nebraska, USA) using a val-
idated method of solid-phase extraction with
ultra-high-performance liquid chromatography
and tandem mass spectrometry (LC–MS/MS)
with a lower limit of quantitation for nicotine
of 0.200 ng/mL.

Safety Evaluation
The safety evaluation included documentation
of all adverse events (AEs) that occurred during
the study beginning at the time of signing the
informed consent form to 5 days following the
last treatment administration. An AE was
defined as any untoward medical occurrence
experienced by a study subject, regardless of
whether it was considered related to the treat-
ment drug. All treatment-emergent AEs (TEAEs)
were summarized by primary System Organ
Classes (SOC) and Preferred Term (PT) and
coded using MedDRA Version 21.0.

Data Analyses

Sample Size
The sample sizes calculations for both studies
assumed a 20% dropout and non-evaluable rate.
For the study of the 2-mg prototype mini
lozenge, at least 40 subjects were planned for
screening to ensure that 32 subjects completed
the study. This sample size would achieve 90%
power at a 5% significance level, assuming the
highest intrasubject coefficient of variation
(CV) was 23%. The true ratio that was used in
the sample size calculation was 1.05.

For the 4-mg prototype mini lozenge, at least
37 subjects were planned for screening to ensure
that 29 subjects completed the study. This
sample size would achieve 90% power at a 5%
significance level, assuming the highest intra-
subject CV of 22%. The true ratio that was used
in the sample size calculation was 1.05.

Analysis Populations
There were three analysis populations. All
patients who were randomly assigned, regard-
less whether they received study treatment or
not, were part of the randomized population.
The safety population included all subjects who
received at least one dose of the study treat-
ment. The PK population included all random-
ized subjects who completed both treatment
periods and who had no major protocol devia-
tions concerning PK.

Statistical Analyses
There were two PK analysis sets (PKAS). PKAS1
included data from all subjects in the PK pop-
ulation. Subjects with a baseline nicotine con-
centration greater than 5% of the individual
Cmax in either study period were excluded.
PKAS2 included only baseline-adjusted data
from subjects in the PK population for which
the relevant baseline-adjusted PK parameters (at
least one AUC or Cmax) could be derived,
including those with baseline nicotine concen-
trations greater than 5% of the individual Cmax

in either period.
The primary endpoint was to determine the

bioequivalence of the prototype mini lozenge to
the commercially available mini lozenge, which
was assessed by pairwise comparison of the PK
parameters (AUC0–t, AUC0–?, and Cmax) for the
baseline-adjusted nicotine concentration pro-
files from PKAS1.

The PK parameters were calculated using
Phoenix WinNonlin Version 7.0 or higher. A
linear mixed-effects model was fit to the natural
log (ln)-transformed PK variables (AUC0–t,
AUC0–?, and Cmax) as the dependent variable,
and treatment, period, and sequence as fixed
effects. Subject nested within sequence was a
random effect. Least-squares estimates of treat-
ment effects were calculated and a 90% confi-
dence interval (CI) for the treatment difference
was computed. The treatment difference and its
90% CI were exponentiated to obtain the geo-
metric mean ratios (GMR) between the test and
reference products and its 90% CI. Bioequiva-
lence was determined if 90% CIs of the GMRs of
AUC0–t, AUC0–?, and Cmax fell completely
within the 0.80–1.25 range.
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The secondary endpoints included compar-
ing PK parameters (Tmax, t1/2, Kel), and safety of
the prototype mini lozenge and the commer-
cially available mini lozenge among subjects in
PKAS1 and PKAS2. A nonparametric analysis for
Tmax was performed to compare treatment dif-
ferences using the Wilcoxon signed-rank test.
Median difference (test - reference), the Hod-
ges–Lehmann estimator, and estimated CI were
used to examine the location shift in Tmax [14].
Tmax was not ln-transformed.

RESULTS

Subject Disposition and Demographics

2-mg Study
For the 2-mg study, 90 subjects were screened
and 46 were included in the study. A total of 46
subjects were treated with the prototype mini
lozenge and 44 subjects were treated with the
commercially available mini lozenge (Fig. 1).
The safety population included all 46 subjects
who were randomized. Six subjects were exclu-
ded from the PK population because of major
protocol deviations. All 40 subjects in the PK

population were included in the PKAS2 popu-
lation. An additional 15 subjects were excluded
from the PKAS1 population (n = 25) because of
protocol deviations.

Among the safety population, 65.2% of
subjects were male and 34.8% were female
(Table 1). The majority of subjects were white
(71.7%), followed by 23.9% who were black,
2.2% who were Asian, and 2.2% who were
American Indian or Alaska native. There were
4.3% of subjects who were of Hispanic or Latino
ethnicity. The median age at baseline was
38.5 years and the median body mass index
(BMI) was 23.8 kg/m2.

4-mg Study
For the 4-mg study, 61 subjects were screened
and 37 were included in the study. A total of 36
subjects were treated with the prototype mini
lozenge and 35 subjects were treated with the
commercially available mini lozenge. The safety
population included all 37 subjects who were
randomized. There were three subjects who
were excluded from the PK population because
they did not complete both treatment periods.
The PKAS2 population included all 34 subjects
from the PK population. There were seven

Fig. 1 Subject disposition
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subjects who were excluded from the PKAS1
population (n = 27) because of protocol
deviations.

In the safety population, 67.6% of subjects
were male and 32.4% were female. Similar to
the 2-mg study, the majority of subjects were
white (81.1%), followed by black (16.2%), or
American Indian or Alaska native (2.7%). None
of the subjects were of Hispanic or Latino eth-
nicity. The median age at baseline was 36 years
and the median BMI was 24.8 kg/m2.

Pharmacokinetics

Primary Endpoints
The mean baseline-adjusted nicotine plasma
profile of the 2-mg prototype mini lozenge was
similar to the 2-mg commercially available mini
lozenge, with a mean Cmax of 4.61 ng/mL (s-
tandard deviation [SD], 1.39 ng/mL) and
5.15 ng/mL (SD 1.65 ng/mL), respectively
(Fig. 2a, Table 2). The mean Cmax of the 4-mg
prototype mini lozenge was 8.78 ng/mL (SD
3.21 ng/mL) compared to 8.97 (SD 2.74 ng/mL)
with the 4-mg commercially available mini
lozenge.

Table 1 Demographics of the safety populations

Demographics 2-mg Study
n = 46

4-mg Study
n = 37

Sex, n (%)

Male 30 (65.2) 25 (67.6)

Female 16 (34.8) 12 (32.4)

Race, n (%)

White 33 (71.7) 30 (81.1)

Black 11 (23.9) 6 (16.2)

Asian 1 (2.2) 0

American Indian or Alaska native 1 (2.2) 1 (2.7)

Ethnicity, n (%)

Not Hispanic or Latino 44 (95.7) 37 (100)

Hispanic or Latino 2 (4.3) 0

Age, years

Mean (SD) 38.5 (9.60) 36.9 (9.07)

Median 38.5 36.0

Range 19–54 20–55

BMI, kg/m2

Mean (SD) 23.8 (2.09) 24.4 (1.88)

Median 23.6 24.8

Range 19.2–27.2 20.4–26.7

BMI body mass index, SD standard deviation
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AUC0–t was also similar between the proto-
type mini lozenge and commercially available
mini lozenge (Table 2). In the 2-mg study, the
baseline-adjusted mean AUC0–t was 16.56 ng�h/
mL (SD 6.97 ng�h/mL) with the prototype mini
lozenge compared to 17.50 ng�h/mL (SD
7.88 ng�h/mL) with the commercially available
mini lozenge. The geometric mean was
15.39 ng�h/mL with a geometric CV of 39.4%
with the 2-mg prototype mini lozenge and was
16.19 ng�h/mL with a geometric CV of 40.1%
with the 2-mg commercially available mini
lozenge. In the 4-mg study, the mean AUC0–t

was 38.43 ng�h/mL (SD 18.58 ng�h/mL) with the
prototype mini lozenge compared to
39.82 ng�h/mL (SD 18.83 ng�h/mL) with the
commercially available mini lozenge. The geo-
metric mean was 34.44 and 36.39 ng�h/mL,
with the prototype and commercially available
mini lozenges, respectively, with geometric CVs
of 51.5% and 43.9%.

The prototype mini lozenge demonstrated a
similar baseline-adjusted AUC0–? as the

commercially available mini lozenge at both
dose levels (Table 2). The 2-mg prototype mini
lozenge had a mean AUC0–? of 17.80 ng�h/mL
(SD 7.55 ng�h/mL) compared to 18.79 ng�h/mL
(SD 8.56 ng�h/mL) with the commercially
available mini lozenge. The geometric mean
was 16.53 and 17.38 ng�h/mL with the proto-
type and commercially available mini lozenges,
respectively, and the geometric CVs were 39.5%
and 40.2%. The 4-mg prototype mini lozenge
resulted in a mean AUC0–? of 40.64 ng�h/mL
(SD 19.57 ng�h/mL) compared to 42.10 ng�h/mL
(SD 19.53 ng�h/mL) with the commercially
available mini lozenge, with geometric means
of 36.39 and 38.54 ng�h/mL, respectively. The
geometric CV was 52.0% with the prototype
and 43.6% with the commercially available
mini lozenges.

Both the 2-mg and 4-mg prototype mini
lozenges were bioequivalent to their commer-
cially available comparators for AUC0–t,
AUC0–?, and Cmax (Table 3). In the 2-mg study,
the geometric least-squares mean (LSM) of the
baseline-adjusted AUC0–t was 15.87 ng�h/mL
with the prototype mini lozenge compared to
16.64 ng�h/mL with the commercially available
mini lozenge (GMR 0.954; 90% CI 0.906–1.004;
intrasubject CV% 10.19). The geometric LSM of
the AUC0–? was 17.06 ng�h/mL and 18.08 ng�h/
mL with the prototype and commercially
available mini lozenges, respectively (GMR
0.944; 90% CI 0.895–0.996; intrasubject CV%
10.14). The Cmax was also bioequivalent with a
geometric LSM of 4.419 ng/mL with the proto-
type mini lozenge and 4.950 ng/mL with the
commercially available mini lozenge (GMR
0.893; 90% CI 0.817–0.976; intrasubject CV%
17.74).

In the 4-mg study, the geometric LSM of
AUC0–t was 34.41 ng�h/mL with the prototype
mini lozenge compared to 36.35 ng�h/mL with
the commercially available mini lozenge (GMR
0.947; 90% CI 0.882–1.016; intrasubject CV%
15.25). The geometric LSM of AUC0–? was
36.32 ng�h/mL and 38.50 ng�h/mL with the
prototype and commercially available mini
lozenges, respectively (GMR 0.943; 90% CI
0.878–1.013; intrasubject CV% 15.13). The Cmax

was also bioequivalent between treatments,
with a geometric LSM of 8.282 ng/mL with the

Fig. 2 Mean linear scale following prototype mini and
commercially available mini lozenges for PKAS1 (baseline-
adjusted concentrations) for the a 2-mg study and b 4-mg
study
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Table 2 Summary of plasma pharmacokinetic parameters of the primary endpoints for PKAS1 in the 2-mg and 4-mg
studies (baseline-adjusted PK parameters)

Parameter 2-mg Study 4-mg Study

Prototype mini
lozenge

Commercially available
mini lozenge

Prototype mini
lozenge

Commercially available
mini lozenge

AUC0–t, ng�h/mL

n 25 25 27 27

Mean (SD) 16.56 (6.97) 17.50 (7.88) 38.43 (18.58) 39.82 (18.83)

Median 15.27 15.69 35.36 34.71

Range 9.3–35.1 8.75–43.6 10.3–85.3 18.2–93.8

Geometric

mean

15.39 16.19 34.44 36.39

Geometric

CV%

39.4 40.1 51.5 43.9

AUC0–?, ng�h/mL

n 23 23 26 27

Mean (SD) 17.80 (7.55) 18.79 (8.56) 40.64 (19.57) 42.10 (19.53)

Median 16.25 16.71 36.06 37.72

Range 10.1–37.9 9.3–47.1 10.9–89.3 19.0–96.6

Geometric

mean

16.53 17.38 36.39 38.54

Geometric

CV%

39.5 40.2 52.0 43.6

Cmax, ng/mL

n 25 25 27 27

Mean (SD) 4.61 (1.39) 5.15 (1.65) 8.78 (3.21) 8.97 (2.74)

Median 4.64 4.80 7.65 8.85

Range 2.6–6.8 2.4–9.0 4.2–17.2 4.6–15.2

Geometric

mean

4.41 4.89 8.26 8.57

Geometric

CV%

32.1 33.8 36.4 32.0

AUC area under the curve, Cmax maximal plasma nicotine concentration, CV coefficient of variation, SD standard deviation
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Table 3 Statistical assessment of bioequivalence for prototype and commercially available mini lozenges for PKAS1
(baseline-adjusted PK parameters)

Parameter 2-mg Study 4-mg Study

Prototype mini
lozenge

Commercially available
mini lozenge

Prototype mini
lozenge

Commercially available
mini lozenge

AUC0–t, ng�h/mL

n 25 25 27 27

Geometric

LSM

15.87 16.64 34.41 36.35

GMR (90%

CI)

0.954 (0.906, 1.004) 0.947 (0.882, 1.016)

Intrasubject

CV%

10.19 15.25

P value 0.191 0.749

AUC0–?, ng�h/mL

n 23 23 26a 27

Geometric

LSM

17.06 18.08 36.32 38.50

GMR (90%

CI)

0.944 (0.895, 0.996) 0.943 (0.878, 1.013)

Intrasubject

CV%

10.14 15.13

P value 0.120 0.705

Cmax, ng/mL

n 25b 25b 27 27

Geometric

LSM

4.419 4.950 8.282 8.572

GMR (90%

CI)

0.893 (0.817, 0.976) 0.966 (0.897, 1.041)

Intrasubject

CV%

17.74 16.06
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prototype mini lozenge and 8.527 ng/mL with
the commercially available mini lozenge (GMR
0.966; 90% CI 0.897–1.041; intrasubject CV%
16.06).

Additional Secondary Endpoints
Tmax was similar between the 2-mg treatments,
which was reached at 1.056 h (SD 0.387) with
the 2-mg prototype mini lozenge compared
with 1.065 h (SD 0.312) with the commercially
available mini lozenge (Table 4). As the 95% CI
of the median difference in nicotine Tmax

between the 2-mg prototype mini and com-
mercially available mini lozenges treatments
contained 0, the Tmax of nicotine was similar.
The median of paired differences in Tmax

between the treatments was - 0.094 with a
median of - 0.023 (95% CI - 0.179 to 0.129;
P = 0.666; Table 5). The half-lives of the 2-mg
lozenges were similar, with a mean of 3.643 h
(SD 3.307 h) with the prototype mini lozenge
and 3.462 h (SD 3.130 h) with the commercially
available mini lozenge.

Tmax was also similar between the 4-mg
treatments, which was reached in a mean of

1.423 h (SD 0.554) with the 4-mg prototype
mini lozenge compared with 1.342 h (SD 0.455)
with the commercially available mini lozenge.
As the 95% CI of the median difference in
nicotine Tmax between the 4-mg prototype mini
and commercially available mini lozenges
treatments contained 0, the Tmax of nicotine
was similar. The median of paired differences
was 0.179 between the treatments with a med-
ian of 0.117 (95% CI - 0.125 to 0.254;
P = 0.246). The half-life was similar and occur-
red at a mean of 5.924 (SD 3.269) and 6.324 h
(SD 3.827) with the 4-mg prototype and com-
mercially available mini lozenges, respectively.

The Kel was also similar between the treat-
ment groups in both studies. In the 2-mg study,
the mean Kel was 0.276 h-1 (SD 0.118 h-1) with
the prototype mini lozenge compared to
0.278 h-1 (SD 0.111 h-1) with the commercially
available mini lozenge (Table 4). With the 4-mg
prototype mini lozenge, the mean Kel was
0.1610 h-1 (SD 0.102 h-1) compared with
0.154 h-1 (SD 0.091 h-1) with the commercially
available mini lozenge.

Table 3 continued

Parameter 2-mg Study 4-mg Study

Prototype mini
lozenge

Commercially available
mini lozenge

Prototype mini
lozenge

Commercially available
mini lozenge

P value 0.684 0.579

Parameters were ln-transformed prior to analysis
LSMs were calculated by exponentiating the LSMs from the ANOVA
GMR = (Prototype 2 mg / Mini lozenge 2 mg) or (Prototype 4 mg / Mini lozenge 4 mg)
Intra-subject CV% was calculated as 100 9 square root(exp[MSE] - 1), where MSE = residual variance from ANOVA
P value for the sequence effect from ANOVA
Model = log(PK parameter) = Treatment [fixed] ? Period [fixed] ? sequence [fixed] ? Subject(Sequence)[random]
ANOVA analysis of variance, AUC area under the curve, CI confidence interval, Cmax maximal plasma nicotine concen-
tration, CV coefficient of variation, GMR geometric mean ratio, ? infinity, LSM least-squares mean, SD standard
deviation
a The AUC0–? PK parameter could not be calculated for one subject because the terminal elimination phase could not be
robustly characterized for study period 2
b The AUC0–? PK parameter could not be calculated for three subjects because the terminal elimination phase could not
be robustly characterized for study periods 1 and/or 2
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Table 4 Summary of plasma pharmacokinetic parameters of the secondary endpoints for PKAS1 in the 2-mg and 4-mg
studies (baseline-adjusted PK parameters)

Parameter 2-mg Study 4-mg Study

Prototype mini
lozenge

Commercially available mini
lozenge

Prototype mini
lozenge

Commercially available mini
lozenge

Tmax, h

n 25 25 27 27

Mean

(SD)

1.056 (0.387) 1.065 (0.312) 1.423 (0.554) 1.342 (0.455)

Median 1.018 1.015 1.493 1.250

Range 0.26–2.04 0.50–1.62 0.55–3.01 0.51–2.01

t1/2, h

n 23 23 26 27

Mean

(SD)

3.643 (3.307) 3.462 (3.130) 5.925 (3.269) 6.324 (3.827)

Median 2.468 2.459 5.751 5.360

Range 1.53–14.39 1.46–14.84 1.54–13.90 1.98–16.30

Kel, h
-1

n 23 23 26 27

Mean

(SD)

0.276 (0.118) 0.278 (0.111) 0.161 (0.102) 0.154 (0.091)

Median 0.281 0.282 0.121 0.129

Range 0.048–0.452 0.047–0.475 0.050–0.449 0.043–0.351

Kel elimination rate constant, SD standard deviation, t1/2 half-life, Tmax time to reach maximal plasma nicotine
concentration

Table 5 Nonparametric statistical analysis of Tmax for nicotine for PKAS1 (baseline-adjusted PK parameters)

Study Parameter Median of paired differences Difference prototype mini vs. commercially available mini
lozenges

Mediana 95% CI P value

2-mg Tmax - 0.094 - 0.023 - 0.179, 0.129 0.666

4-mg Tmax 0.179 0.117 - 0.125, 0.254 0.246

The 95% confidence interval is constructed using Walsh averages and appropriate quantile of the Wilcoxon signed-rank test
statistic
CI confidence interval, Tmax time to reach maximal plasma nicotine concentration
a Median is estimated with Hodges–Lehmann method using Walsh averages
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Safety

The 2-mg and 4-mg lozenges were well tolerated
by study subjects. There were no serious adverse
events (SAEs) or deaths during either study
among the safety populations. There were no
discontinuations due to AEs in the 2-mg study,
and one subject who received the commercially
available mini lozenge discontinued the study
because of an AE unrelated to the study
treatment.

In the 2-mg study, 50.0% of subjects experi-
enced a treatment-emergent AE (TEAE),
including 28.3% in the prototype mini lozenge
arm and 34.1% in the commercially available
mini lozenge arm. All of the AEs were mild in
severity, except for a case of moderate pruritus
in the mini lozenge arm.

The rate of suspected treatment-related
TEAEs was also similar between arms, with
10.9% of subjects experiencing a treatment-re-
lated TEAE in the prototype mini lozenge arm
compared to 13.6% of subjects in the commer-
cially available mini lozenge arm (Table 6). The
most common treatment-related TEAEs were
throat irritation, which occurred in three sub-
jects in the prototype mini lozenge arm and two
subjects in the commercially available mini
lozenge arm, and dyspepsia, which occurred in
two subjects in the prototype mini lozenge arm
and three subjects in the commercially available
mini lozenge arm. There were no changes in the
clinical laboratory or vital sign evaluations
during the study.

In the 4-mg study, 43.2% of subjects devel-
oped a TEAE, including 36.1% of subjects with

Table 6 Incidence of suspected treatment-related TEAEs by system organ class and preferred term

System organ class preferred
term
n (%)

2-mg Study 4-mg Study

Prototype mini
lozenge
n = 46

Commercially available
mini lozenge
n = 44

Prototype mini
lozenge
n = 36

Commercially available
mini lozenge
n = 35

Any TEAE 5 (10.9) 6 (13.6) 11 (30.6) 4 (11.4)

Gastrointestinal disorders 4 (8.7) 4 (9.1) 5 (13.9) 1 (2.9)

Dyspepsia 2 (4.3) 3 (6.8) 1 (2.8) 1 (2.9)

Oral discomfort 2 (4.3) 0 (0.0) 1 (2.8) 1 (2.9)

Nausea 1 (2.2) 1 (2.3) 4 (11.1) 0 (0.0)

Paraesthesia oral 1 (2.2) 0 (0.0) – –

Tongue discomfort 1 (2.2) 0 (0.0) – –

Abdominal discomfort – – 0 (0.0) 1 (2.9)

Respiratory, thoracic, and

mediastinal disorders

4 (8.7) 3 (6.8) 7 (19.4) 3 (8.6)

Throat irritation 3 (6.5) 2 (4.5) 5 (13.9) 2 (5.7)

Hiccups 1 (2.2) 1 (2.3) 1 (2.8) 1 (2.9)

Oropharyngeal pain – – 1 (2.8) 0 (0.0)

Nervous system disorders 1 (2.2) 1 (2.3) 1 (2.8) 1 (2.9)

Dizziness 1 (2.2) 1 (2.3) 1 (2.8) 1 (2.9)

Events were coded using MedDRA (Version 21.0)
TEAE treatment-emergent adverse event
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the prototype mini lozenge and 17.1% of sub-
jects with the commercially available mini
lozenge. All of the TEAEs were mild in severity.
Suspected treatment-related TEAEs were higher
with the prototype mini lozenge, with 30.6% of
subjects reporting a treatment-related TEAE
compared to 11.4% with the commercially
available mini lozenge. Similar to the 2-mg
study, the most common treatment-related
TEAE was throat irritation, which occurred in
five subjects during their use of the 4-mg pro-
totype mini lozenge and two subjects when
using the 4 mg commercially available mini
lozenge. Other treatment-related TEAEs that
occurred in at least 5% of subjects were hiccups
(5.4%), nausea (10.8%), oral discomfort (5.4%),
dizziness (5.4%), and dyspepsia (5.4%). There
were no changes in the clinical laboratory or
vital sign evaluations during the study.

DISCUSSION

NRT is an effective treatment to aid in smoking
cessation and of tobacco dependence through
the relief of nicotine withdrawal symptoms,
including cravings. A meta-analysis of 163 ran-
domized trials demonstrated that NRT in any
form—as a lozenge, gum, patch, inhaler, or
nasal spray—significantly increased abstinence
from smoking compared with placebo or no
treatment (relative risk 1.55; 95% CI 1.49–1.61)
[12]. Another meta-analysis of 63 randomized
studies found no significant difference in effi-
cacy between NRT forms, suggesting that effi-
cacy is not associated with different routes of
administration, such as the transdermal route
with the patch, the buccal route with the gum
and lozenge, and through the nasal epithelium
with the nasal spray [13].

The nicotine lozenge is a form of NRT that is
placed in the mouth, during which nicotine is
released as the lozenge dissolves. The 2-mg and
4-mg nicotine lozenges were demonstrated to
improve the rates of abstinence from smoking
compared with placebo, with treatment effects
lasting for at least 1 year [15]. The mini lozenge
was introduced to offer another dosage form
option and was shown to deliver the same
amount of nicotine as the larger lozenge, but

with a faster dissolution time in vitro and a
greater reduction in cravings or the urge to
smoke in smokers compared with placebo [16].
In addition, the mini lozenge has been shown
to reduce behaviorally provoked cravings
among heavy and high-dependency smokers as
early as 3 min and for at least 10 min [16].

The prototype mini lozenge was developed
to offer smokers a novel mini lozenge with a
sweet mint flavor with visual differentiation,
faster dissolution time, and an improved flavor
compared with the commercially available mini
lozenge. The present studies demonstrated that
the prototype mini lozenge is bioequivalent to
the commercially available mint mini lozenge
at both the 2-mg and 4-mg doses. The PK
parameters of Cmax, AUC0–t, and AUC0–? were
bioequivalent between the prototype mini
lozenge and the commercially available mini
lozenge. In addition, the secondary PK param-
eters, including Tmax, t1/2, and Kel, were also
similar between the two types of mini lozenges.

The bioequivalence of the prototype mini
lozenge to the commercially available mini
lozenge was determined in two separate studies,
one of the 2-mg dose and one of the 4-mg dose.
Comparisons cannot be made between the
studies; however, the higher 4-mg dose resulted
in a higher baseline-adjusted plasma nicotine
concentration than the 2-mg dose. Both types
of mini lozenges were well tolerated and there
were no new safety signals observed. At both
dosage levels, throat irritation was the most
common TEAE reported by the subjects and was
mild in severity. None of the subjects discon-
tinued the study as a result of throat irritation
or any other TEAE.

Limitations

The crossover designs could result in some
residual nicotine from the previous treatment
session; however, the washout period and the
36-h period of nicotine abstinence before the
next treatment administration was imple-
mented to avoid residual plasma nicotine.
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CONCLUSIONS

The results of the two present studies demon-
strate that 2 and 4 mg of a prototype mini
lozenge are bioequivalent with 2 and 4 mg of a
commercially available nicotine mini lozenge,
respectively. Both dose levels were well toler-
ated and no new safety signals were identified.
Therefore, the novel prototype mini lozenge
may provide smokers seeking to quit with a new
mini lozenge format that they may prefer to aid
in smoking cessation. This potential additional
new option will provide the convenience, rapid
dissolution, and fast craving relief of a mini
lozenge, but with an improved flavor that some
individuals may prefer, and thus may help such
individuals adhere to their NRT and ultimately
achieve their desire to quit smoking.
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