
ORIGINAL RESEARCH

A Single-Dose, Crossover-Design Bioequivalence Study
Comparing Two Nicotine Gum Formulations
in Healthy Subjects

Daniel Du

Received: May 21, 2018 / Published online: July 19, 2018
� The Author(s) 2018

ABSTRACT

Introduction: Nicotine replacement therapy
(NRT) benefits smokers who wish to quit; nico-
tine gum represents one NRT. New formulations
of nicotine gum have been developed to con-
sider consumer preferences and needs. A new
mint-flavored nicotine gum with a different
texture was developed that may provide a more
appealing taste and chewing experience. This
study evaluated this new nicotine gum (2 and
4 mg strengths) for bioequivalence versus the
original flavor sugar-free nicotine gum at cor-
responding dosages.
Methods: All subjects randomized in this
crossover study received a single dose of all
treatments, i.e., 2 and 4 mg doses of test and
reference gums, separated by 2–7 days of wash-
out between treatments. Subjects’ maximal
plasma nicotine concentration (Cmax) and
extent of nicotine absorption (AUC0–t) follow-
ing the administration of each treatment were
calculated from plasma nicotine concentra-
tions. Ratios of test/reference for Cmax and

AUC0–t were calculated to evaluate bioequiva-
lence between the two products.
Results: Both 2 and 4 mg doses of the new
mint-flavored nicotine gum were bioequivalent
to the dose-matched reference product as
determined by the ratio of the geometric means
and their 90% confidence intervals for Cmax and
AUC0–t as well as secondary pharmacokinetic
parameters. The safety profiles of the test and
reference gums were similar; all treatments were
well tolerated.
Conclusions: A new mint-flavored nicotine
gum with modified taste and texture is bioe-
quivalent to the original flavor sugar-free nico-
tine gum at both the 2 and 4 mg dosage
strengths and has a similar safety profile.
Funding: GlaxoSmithKline.
Trial Registration: ClinicalTrials.gov identifier
NCT01847443.

Keywords: Bioequivalence; Nicotine; Nicotine
gum; Replacement therapy; Smoking cessation

INTRODUCTION

Despite the well-known risks, smoking contin-
ues to be the single largest preventable cause of
early morbidity and mortality in the USA, kill-
ing more than 480,000 Americans annually
[1, 2]. Smoking adversely affects nearly all
organs and organ systems of the body [1].
Unfortunately, the rapid pharmacologic effects
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of nicotine are addictive, making the act of
quitting very difficult for many people [3].
Despite the challenges, many people who cur-
rently smoke would like to stop [4].

Nicotine replacement therapy (NRT) is rec-
ommended by evidence-based clinical guideli-
nes as a first-line treatment for smoking
cessation [5] and is available in multiple differ-
ent forms, including transdermal patch, nasal
spray, lozenge, and gum. These different for-
mulations have different pharmacokinetic (PK)
and aesthetic characteristics, enabling smokers
to select one or more options on the basis of
their personal needs and preferences [6]. Nico-
tine replacement gum has been shown to
increase the success rate for quitting and may
also reduce harm among smokers who are not
ready to quit abruptly [7–9]. A new mint-fla-
vored NRT gum has been developed that pro-
vides consumers with another NRT quit option
that may be more appealing, also potentially
leading to better adherence and higher quit
rates.

Herein we report details of a bioequivalence
analysis of this new mint-flavored nicotine gum
(2 and 4 mg doses) relative to the original flavor
sugar-free nicotine gum to determine if the two
products are bioequivalent in terms of the
maximal observed plasma nicotine concentra-
tion (Cmax) and the area under the concentra-
tion–time curve from time 0 to the time of the
last observed/measured non-zero concentration
(AUC0–t).

METHODS

Study Design and Subjects

This was a single-center, open-label, random-
ized, four-treatment, four-period crossover
study conducted in May and June of 2013. An
independent ethics committee operating in
accordance with current local regulations
reviewed and approved the protocol and con-
sent procedures before the initiation of the
study. The trial was registered on ClinicalTri-
als.gov (NCT01847443) and conducted in full
compliance with all relevant laws and regula-
tions of the country in which the research was

conducted and with the requirements specified
in the Declaration of Helsinki, and according to
International Council for Harmonisation
Guideline for Good Clinical Practice. This study
was also approved by the Medicines and
Healthcare Products Regulatory Agency
(MHRA), European Union Drug Regulating
Authorities Clinical Trials (EudraCT) number
2013-000207-16. Voluntary written informed
consent was provided by all subjects prior to
any study procedures being performed.

All enrolled subjects were current heavy
smokers who smoked daily for at least 1 year,
smoked their first cigarette within 30 min of
awakening, and who were in otherwise good
general health in the investigator’s opinion.
Heavy smokers were recruited in the study to
eliminate unnecessary exposure of healthy non-
smokers to nicotine. Subjects were between 18
and 55 years of age, inclusive, with a body mass
index of 19–30 kg/m2. Enrolled female subjects
were either practicing a reliable method of
contraception or were otherwise unable to
become pregnant during the study.

Any woman known to be pregnant, intend-
ing to become pregnant, having a positive
serum pregnancy test at screening, or who was
breastfeeding was ineligible for study entry. Any
subjects with known or suspected allergies or
intolerances to the study compounds or any
medical condition with the potential to inter-
fere with absorption, distribution, metabolism,
or excretion of nicotine were also excluded.
Subjects who attempted smoking cessation
within the last 12 months, were currently trying
to quit, or planned to quit smoking within the
next 3 months were excluded. Subjects were
ineligible if they were taking hepatic enzyme-
altering agents within 30 days, prescription
medications (except hormonal contraceptives
or hormone replacement therapy, which were
permitted) within 14 days, or over-the-counter
medications within 24 h of each study treat-
ment visit; use of paracetamol was permitted
during the confinement period at the investi-
gator’s discretion. Subjects who donated blood
or experienced significant blood loss within
90 days of the screening visit, had a current
diagnosis of anemia, or had positive serologies
for hepatitis B virus, hepatitis C virus, or human
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immunodeficiency virus were not eligible.
Finally, abuse of drugs or alcohol within the
previous year or a positive urine drug screen for
illicit substances or alcohol was also
exclusionary.

Subject Restrictions

All study subjects were required to fast for 8 h
leading up to the initial screening visit, which
included clinical laboratory testing. Fasting was
also required for 8 h before and 2 h after
receiving the study treatments; no liquids could
be consumed in the period from 20 min before
dosing until 60 min after drug administration.
Standardized food and water was provided 2 h
after the drug administration and at set times
through the day. Consumption of caffeine or
xanthine-containing beverages during treat-
ment periods or alcoholic beverages within 24 h
of the beginning of the treatment periods was
prohibited. During each study session, all
nicotine use was prohibited for 36 h before
treatment administration and continuing until
the last blood sample was obtained. Smoking
abstinence was verified by measuring exhaled
carbon monoxide (CO) levels both before and
after dosing with a Smokerlyzer� apparatus
(Bedfont Scientific Ltd., Maidstone, UK).
Expired CO levels could not be greater than or
equal to 10 parts per million (ppm) prior to
study drug administration at each treatment
period or rise above 10 ppm during any of three
random tests conducted during each treatment
period after dosing, or the subject would be
withdrawn from the study. Finally, all study
subjects had to agree to refrain from strenuous
physical activity.

Study Treatments

The test treatments in this study consisted of 2
and 4 mg mint-flavored nicotine gums [GSK
Consumer Healthcare (GSKCH), Weybridge,
UK, manufactured by Fertin Pharma, Vejle,
Denmark]. Nicorette� 2 and 4 mg original flavor
sugar-free nicotine gums (GSKCH, Brentford,
UK) served as reference products. On day -1 of
the first treatment period all study participants

underwent a chew familiarization session with a
confectionary gum (Wrigley’s Extra� pepper-
mint sugar-free gum; Wm. Wrigley Jr. Com-
pany, Chicago, Illinois, USA) to maximize the
conformity of gum chewing and reduce vari-
ability in the pharmacokinetic results obtained
using the test and reference products. The
standards for gum chewing included a steady
pace of 15 chews/min (about one chew every
4 s) for 30 min; timers with audible signals were
used to mark off intervals of 4 s. Participants
chewed on alternate sides of their mouths every
30 s and were permitted to swallow saliva, if
they wished, every 30 s. After completing the
8-h fasting period, participants were random-
ized to one of the four treatment sequences
according to a computer-generated randomiza-
tion schedule provided by the GSKCH Bio-
statistics Department. An additional 12 h of
smoking abstinence took place after dosing
during the confinement period. The treatment
phase consisted of four treatment periods.
Given the terminal elimination half-life of
approximately 2 h for nicotine, the four treat-
ment periods were separated by a 2- to 7-day
washout period beginning at the time of the last
dose in the preceding treatment period. Fol-
lowing this washout period, the subject
returned to the study site for the next treatment
in their respective sequence until all four treat-
ments were administered.

Study Assessments

Screening Visit
Subjects were recruited by the study site (Cele-
rion, Belfast, UK) from the site’s volunteer
database using a standard telephone screening
interview, and informed consent was obtained
from those potential subjects who were eligible
and interested in participating. During the ini-
tial visit, each subject underwent screening
procedures. After each subject’s demographic
information, medical history, and smoking
history were obtained, the level of nicotine
dependence was determined using the Fager-
ström Test for Nicotine Dependence (FTND)
[10]. Screening laboratories included assessment
of hematology, biochemistries, viral serology
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testing, serum FSH, serum pregnancy testing,
urinalysis, and urine testing for illicit drugs and
alcohol. A physical examination including vital
signs and a 12-lead electrocardiogram rounded
out the screening assessments.

Treatment Visits
Study subjects checked in at the study site
2 days before each treatment session (day -2) to
ensure a minimum of 36 h abstinent from
cigarettes before administration of the study
treatment. After check-in, all subjects under-
went urine testing for drug and alcohol use and
pregnancy, if appropriate, and each partici-
pant’s compliance with eligibility criteria and
lifestyle restrictions was verified. Exhaled CO
levels were checked immediately before
administration of the study drug and at three
random times after dosing using a Smokerlyzer
device. Subjects who had expired CO levels
greater than or equal to 10 ppm were with-
drawn from the study. Vital signs were checked
on day 1 of each treatment session.

Sample Collection
Approximately 312 mL of blood was collected
from each subject for PK analysis, another
20 mL for screening tests, and 5 mL of blood
collected from each woman at each treatment
visit check-in for serum pregnancy testing, as
needed. Pharmacokinetic sampling involved
collection of 13 blood samples obtained during
treatment sessions from a forearm vein. Samples
were collected 15 min before dosing and at 5,
15, 30, and 45 min, and 1, 1.5, 2, 3, 4, 6, 8, and
12 h after dosing. Blood was collected in tubes
containing K2EDTA and centrifuged at 3000
revolutions per minute for 15 min at 4 �C to
collect the plasma for analysis.

Plasma samples were split into two aliquots
and frozen within 120 min of being collected.
The plasma was then stored at -20 ± 10 �C for
transport to the laboratory analytic facility
(Celerion, Lincoln, Nebraska, USA). Plasma
nicotine concentrations were determined by a
certified bioanalytical laboratory using a vali-
dated method of solid-phase extraction and
liquid chromatography with tandem mass
spectroscopy (LC–MS/MS) detection, and the

analytical range of the assay was 0.200–10.0 ng/
mL.

Safety Evaluation
The safety evaluation included documentation
of all adverse events (AEs) during the study,
defined as any untoward medical occurrence in
a subject following administration of an inves-
tigational product, which did not necessarily
have a causal relationship with this treatment.
Reported AEs were further graded by intensity
(mild, moderate, or severe) and the likelihood
that the AE was related to the study treatment
ranging from ‘‘not related’’ to ‘‘highly probable.’’
AEs were categorized as serious (SAEs) if they
were life-threatening, resulted in death,
required hospitalization or prolongation of
existing hospitalization, resulted in disability or
incapacity, or were congenital anomalies or
birth defects. Vital sign abnormalities were
described.

Data Analysis

Sample Size
At least 80 subjects were planned to be enrolled
and randomly assigned to the four treatment
sequences so that 72 subjects would complete
each of the four treatment periods. A previously
conducted bioequivalence study (study
S1640123; data on file, GlaxoSmithKline
Healthcare) with a similar four-way crossover
design with four treatments and a similar vari-
ablility of 0.060 for log Cmax and 0.045 for
log AUC0–t was used to inform sample size.
Calculated coefficient of variation (CV) was
24.9% and 21.5% for Cmax and AUC0–t, respec-
tively. The sample size was calculated using
estimates of geometric means (log scale) with
two one-sided test (TOST). With a 25% CV, the
expected ratios of test/reference were between
0.90 and 1.10 and provided a power of at least
88% to reject bioequivalence for Cmax and
AUC0–t. Because of the PK sampling profile for
this study, no more than 30 inpatients were
studied at one time, and therefore three cohorts
were used in the study. Eligible subjects were
randomized to one of the four treatment
sequences in each cohort.
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Analysis Populations
The bioequivalence-evaluable population con-
sisted of subjects who were randomized,
received at least one dose and had primary PK
parameter data (Cmax and AUC0–t) for both the
study and reference treatments at the 2 mg and/
or 4 mg dose, had no vomiting during the first
4 h following treatment administration, were in
compliance with all lifestyle restrictions, had no
expired CO level greater than or equal to
10 ppm prior to study drug administration, and
did not have a pre-dose nicotine concentration
greater than 5% of Cmax. The safety population
included any subject who was randomized and
received at least one study treatment in a given
treatment period.

Statistical Analysis

The primary PK parameters calculated in this
study, Cmax and AUC0–t, were derived using
unadjusted plasma nicotine concentrations. PK
variables were computed using Phoenix Win-
Nonlin� Version 6.3. Bioequivalence was
determined using the standard bioequivalence
limits of 0.80 and 1.25 for the 90% confidence
interval (CI) of the ratio of geometric means of
the PK parameters. Analysis of variance
(ANOVA) testing was conducted using a linear
fixed effects model for a four-way crossover
design and conducted separately for each pri-
mary PK variable (log-transformed Cmax and
AUC0–t). The terms sequence, subjects nested
within sequence, period, and product were
included as fixed effects in the model.

The differences of the least square means
(LSMs) of log Cmax and log AUC0–t for the 2 and
4 mg products and their 90% CIs were expo-
nentiated to calculate the ratio of geometric
means and their 90% CIs for the primary PK
variables for the 2 and 4 mg products. The test
and reference treatments were determined to be
bioequivalent if the 90% CI of the ratio of
geometric means for Cmax and AUC0–t fell
within the limits of 0.80 and 1.25.

The secondary PK parameters of apparent
terminal elimination half-life of the drug (t1/2),
time to maximal plasma concentration (Tmax),
and area under the concentration–time curve

from time 0 extrapolated to infinity (AUC0–?)
were calculated using unadjusted plasma nico-
tine concentrations. The parameters t1/2 and
Tmax were analyzed using the non-parametric
Wilcoxon signed rank test based on the within-
subject difference to compare test and reference
treatments at the 5% significance level. AUC0–?

was analyzed in the same way as the primary PK
parameters. The apparent terminal elimination
rate constant (Kel) was also calculated on the
basis of unadjusted nicotine concentrations and
analyzed by the Wilcoxon signed rank test
based on the within-subject difference compar-
ing test and reference treatments at the 5%
significance level.

A sensitivity analysis was performed to com-
pare results of bioequivalence stemming from PK
parameters based on unadjusted nicotine con-
centration (primary PK endpoints) to those
based on baseline-adjusted nicotine concentra-
tions. A separate analysis was planned to study
the effect of potential outliers of PK parameters
(i.e., including those with baseline nicotine
concentrations greater than 5% of Cmax).

Safety data, including AEs and serious AEs,
were summarized by treatment group.

RESULTS

Subject Disposition

A total of 160 potential study subjects were
screened, of whom 84 were randomized and 77
(91.7%) completed all four study treatments. The
bioequivalence-evaluable subject population
consisted of 62 individuals for the 2 mg treat-
ment products and 73 individuals for the 4 mg
products. The primary reasons why subjects were
excluded from the bioequivalence-evaluable
population were for having a baseline plasma
nicotine concentration greater than 5% of Cmax

for a given treatment or not receiving both the
test and reference treatment at the 2 or 4 mg
dose. The safety population for this study con-
sisted of 82 subjects for the 2 mg test treatment,
77 subjects for the 2 mg reference treatment, 79
subjects for the 4 mg test treatment, and 81
subjects for the 4 mg reference treatment.
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The demographic and baseline characteris-
tics of the study population are summarized in
Table 1. Study subjects included both men and
women aged 19–51 years; all but one subject
were white (98.8%). The subjects enrolled in
this study had no clinically significant medical
or surgical findings at the screening process, as
determined by the investigator.

PK Results

The unadjusted arithmetic mean plasma nico-
tine concentrations over time for the test and
reference treatments are shown in Fig. 1 (2 mg
treatments) and Fig. 2 (4 mg treatments).
Descriptive statistics for the primary PK

parameters, Cmax and AUC0–t, are summarized
in Table 2 for the 2 mg treatments and in
Table 3 for the 4 mg treatments.

PK analysis based on the unadjusted plasma
nicotine concentrations of test to reference
2 mg treatment comparison showed that the
two treatments were bioequivalent on the basis
of the ratio of geometric means and 90% CIs for
Cmax and AUC0–t (Table 2) falling within the
standard bioequivalence acceptance range of
0.80–1.25. Likewise, the 90% CIs of the ratio of
geometric means of Cmax and AUC0–t for the
4 mg test gum relative to the 4 mg reference
gum were also within the range of 0.80–1.25,
demonstrating bioequivalence between these
two 4 mg products (Table 3).

The secondary PK parameter AUC0–? was
also calculated using unadjusted nicotine con-
centrations and analyzed in the same manner as
AUC0–t (Tables 2, 3). The 90% CIs of these geo-
metric mean ratios for the 2 and 4 mg test
products vs the 2 and 4 mg reference products,
respectively, also fell within the bioequivalence
limits, supporting the finding of bioequivalence
based on the primary PK parameters.

The secondary PK parameters of Tmax, t1/2,
and Kel are summarized in Tables 4 and 5 for the
respective 2 and 4 mg dosages. There were no
significant differences between test and refer-
ence products for the secondary PK parameters
at either dose strength.

The planned sensitivity analysis, for which
outliers were to be included, was not conducted
because no Cmax outliers were found in this
study. Given that finding, a post hoc sensitivity
analysis based on unadjusted nicotine concen-
trations and including only subjects who had
completed all four treatment periods was con-
ducted. The results of this sensitivity analysis
were very similar to the results of the primary
analysis of bioequivalence (see Tables 2 and 3).
Baseline-adjusted comparisons found geometric
mean ratios (test/reference) and 90% CIs of
1.047 (1.003–1.092) for Cmax and 1.111
(1.074–1.149) for AUC0–t for the 2 mg products
and 1.070 (1.027–1.115) for Cmax and 1.097
(1.061–1.135) for AUC0–t for the 4 mg products.
The post hoc sensitivity analysis found geo-
metric mean ratios (test/reference) and 90% CIs
of 1.056 (1.008–1.105) for Cmax and 1.116

Table 1 Demographics of all randomized subjects

Demographics All subjects
(N = 84)

Sex, n (%)

Male 44 (52.4)

Female 40 (47.6)

Race, n (%)

White 83 (98.8)

Black or African American 0

Asian 1 (1.2)

Age, years

Mean (SD) 26.8 (6.4)

Median 25.5

Range 19–51

BMI, kg/m2

Mean (SD) 24.7 (3.0)

Median 24.6

Range 19.1–29.7

Smoking history

Number of cigarettes smoked per

day, mean

22.4

Number of years of smoking, mean 10.5

BMI body mass index, SD standard deviation
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(1.076–1.156) for AUC0–t for the 2 mg products
and 1.079 (1.030–1.130) for Cmax and 1.107
(1.069–1.148) for AUC0–t for the 4 mg products.
Thus, results from both sensitivity analyses
(predefined and post hoc) were very similar to
those from the primary bioequivalence analysis,
reinforcing the robustness of the primary bioe-
quivalence results calculated using unadjusted
nicotine data.

A sensitivity analysis of the secondary vari-
ables Tmax, t1/2, AUC0–?, and Kel for both the 2
and 4 mg products produced very similar results
to the primary analysis of the secondary

parameters. The 90% CI of the ratio of geo-
metric means for AUC0–? was within the
interval of 0.80–1.25, and the differences
between products in Tmax, t1/2, and Kel were not
statistically different (P[0.05) for the 2 mg
product comparisons and 4 mg product com-
parisons (data not shown).

Safety Results

A total of 75 treatment-emergent AEs (TEAEs)
were reported in 31 subjects, including five AEs

Fig. 1 Mean over time of nicotine concentration for the 2 mg dose products, bioequivalence-evaluable subject population

Fig. 2 Mean over time of nicotine concentration for the 4 mg dose products, bioequivalence-evaluable subject population
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reported by five subjects that were considered
by the investigator to be treatment related.
Treatment-emergent AEs that occurred in more
than one subject in any treatment group are
listed in Table 6. Of the 75 TEAEs, 59 were mild
in intensity and 16 were of moderate intensity.
AEs resulted in study withdrawal for two sub-
jects: abdominal pain during the 4 mg nicotine
gum reference treatment period in one subject
and rash during the 2 mg nicotine gum test
treatment period in one subject. The profile of
the most common AEs was similar to that
observed in other clinical trials of NRT includ-
ing gastrointestinal disorders, nervous system
disorders, general disorders and administration
site conditions, and respiratory, thoracic, and
mediastinal disorders. There were no deaths, no
SAEs, or any other significant effects in this
study.

DISCUSSION

Nicotine replacement therapies are effective
agents for smokers who wish to achieve absti-
nence [5]. Preferences for smoking cessation
aids differ among smokers; different NRT
options with varying delivery methods, sizes,
and flavors offer smokers a variety of options
that may increase the likelihood of success.

In India, where approximately 30% of adults
use tobacco [11], three prototype 4 mg nicotine
lozenges with different dissolution and nicotine
release profiles were recently compared in a
bioequivalence study versus a marketed product
[12]. Investigators found that each prototype
nicotine lozenge was bioequivalent to the mar-
keted product in terms of Cmax and AUC0–t, but
one of the prototypes demonstrated signifi-
cantly faster Tmax compared with the marketed

Table 2 Bioequivalence of the 2 mg products, bioequivalence-evaluable subjects population based on unadjusted nicotine
concentration

Parameter Test nicotine Reference nicotine Geometric
mean
ratio (A/B)

90% confidence
interval (A/B)2 mg gum (A) 2 mg gum (B)

(n = 62) (n = 62)

Cmax, ng/mL

(primary

parameter)

Arithmetic mean (SD) 3.93 (1.23) 3.72 (1.29) 1.044 1.002, 1.089

Geometric meana 3.68 3.52

CV 31.3 34.6

AUC0–t, ng�h/mL

(primary

parameter)

Arithmetic mean (SD) 11.49 (4.22) 10.24 (3.77) 1.107 1.070, 1.147

Geometric meana 10.93 9.87

CV 36.7 36.8

AUC0–?, ng�h/mL

(secondary

parameter)

Arithmetic mean (SD) 12.56 (4.41) 11.20 (3.96) 1.094 1.058, 1.131

Geometric meana 11.92 10.89

CV 35.1 35.3

AUC0–? area under the concentration–time curve from time 0 extrapolated to infinity, AUC0–t area under the concen-
tration–time curve from time 0 to the time of the last observed/measured non-zero concentration, Cmax maximal observed
concentration, CV coefficient of variation
a Exponentiated least squares mean from analysis of variance of log-transformed data. Subjects in the 2 mg treatment group
who had nicotine concentrations[ 5% of Cmax at baseline (n = 14) were not included in the bioequivalence analysis. Only
subjects with evaluable Cmax and AUC0–t for both 2 mg and/or both 4 mg doses were included. Data from six subjects in the
2 mg dose group were excluded because of missed doses
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product [12]. Faster nicotine delivery may pro-
vide an advantage in terms of acute nicotine
craving relief. Similarly, a single-dose bioequiv-
alence study found cherry-flavored 2 and 4 mg
nicotine mini lozenges to be bioequivalent to
marketed mint-flavored nicotine mini lozenges

according to standard criteria, thus providing
another potential NRT treatment to achieve
smoking cessation [13].

This study demonstrated that a new mint-
flavored nicotine gum in 2 and 4 mg dose
strengths is bioequivalent to the original flavor

Table 3 Bioequivalence of the 4 mg products, bioequivalence-evaluable subject population

Parameter Test
nicotine

Reference
nicotine

Geometric
mean ratio/
(A/B)

90% confidence
interval (A/B)

4 mg gum (A) 4 mg gum (B)
(n = 73) (n = 73)

Cmax, ng/mL

(primary parameter)

Arithmetic mean (SD) 7.49 (1.72) 6.98 (1.78) 1.071 1.028, 1.116

Geometric meana 7.00 6.54

CV 23.0 25.5

AUC0–t, ng�h/mL

(primary parameter)

Arithmetic mean (SD) 23.44 (7.59) 21.50 (6.87) 1.098 1.061, 1.137

Geometric meana 21.82 19.87

CV 32.4 32.0

AUC0–?, ng�h/mL

(secondary parameter)

Arithmetic mean (SD) 24.60 (7.85) 22.64 (7.14) 1.098 1.062, 1.134

Geometric meana 23.05 21.01

CV 31.9 31.5

AUC0–? area under the concentration–time curve from time 0 extrapolated to infinity, AUC0–t area under the concen-
tration–time curve from time 0 to the time of the last observed/measured non-zero concentration, Cmax maximal observed
concentration, CV coefficient of variation
a Exponentiated least squares mean from analysis of variance of log-transformed data. Subjects in the 4 mg treatment group
who had nicotine concentrations[ 5% of Cmax at baseline (n = 5) were not included in the bioequivalence analysis. Only
subjects with evaluable Cmax and AUC0–t for both 2 mg and/or both 4 mg doses were included. Data from four subjects in
the 4 mg dose group were excluded because of missed doses

Table 4 Secondary and other PK parameters for the 2 mg products based on unadjusted nicotine concentration, bioe-
quivalence-evaluable subject population

Parameter Median (minimum, maximum) Difference: A 2 B

Test nicotine Reference nicotine Median P valuea

2 mg gum (A) 2 mg gum (B)
(n = 62) (n = 62)

Tmax, h 0.75 (0.5, 1.0) 0.75 (0.5, 1.5) 0.00 0.3794

t1/2, h 2.12 (1.4, 3.4) 2.03 (1.2, 4.2) 0.07 0.1493

Kel, 1/h 0.33 (0.2, 0.5) 0.34 (0.2, 0.6) -0.01 0.1556

Kel terminal elimination rate constant, t1/2 terminal elimination half-life, Tmax time to maximal plasma concentration
a P value of testing the median of differences
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sugar-free nicotine gum at those respective
doses. The secondary PK parameter of AUC0–?

supported the bioequivalence of the test and
reference products observed in the primary
analysis, as did test to reference comparisons of
Tmax, t1/2, and Kel, where no statistically signif-
icant differences for either the 2 or 4 mg dose
were noted.

Sensitivity analyses showed that the bioe-
quivalence results were not altered significantly
by using either baseline-adjusted nicotine con-
centrations or when analyzing the population
of subjects who completed all of the four treat-
ments. The AEs reported during this study were
mild in most cases and typical of those associ-
ated with NRT in general. Both the 2 and 4 mg

test gums were shown to have a safety profile
similar to their respective reference products
and were well tolerated by the study subjects;
no new safety signals were noted.

Limitations of the study include its open-la-
bel nature and crossover design. The 2- to 7-day
washout period between each of the four treat-
ment sequences was provided to minimize car-
ryover effects from one treatment session to
another. Results from this study in otherwise
healthy smokers may not be generalizable to
smokers with comorbid conditions. Lastly,
there was no measure of treatment efficacy
specified for this study. By virtue of the bioe-
quivalence results, however, the new mint-fla-
vored nicotine gum would be expected to be as

Table 5 Secondary and other PK parameters for the 4 mg products based on unadjusted nicotine concentration, bioe-
quivalence-evaluable subject population

Parameter Median (minimum, maximum) Difference: A 2 B

Test nicotine Reference nicotine Median P valuea

4 mg gum (A) 4 mg gum (B)
(n = 73) (n = 73)

Tmax, h 0.75 (0.5, 1.5) 0.75 (0.2, 2.0) -0.00 0.5563

t1/2, h 2.01 (1.3, 4.1) 2.02 (1.3, 3.4) -0.04 0.5256

Kel, 1/h 0.34 (0.2, 0.5) 0.34 (0.2, 0.5) 0.01 0.6260

Kel terminal elimination rate constant, t1/2 terminal elimination half-life, Tmax time to maximal plasma concentration
a P value of testing the median of differences

Table 6 Treatment-emergent adverse events occurring in more than one subject in any treatment group, safety population

Preferred term Test nicotine Reference nicotine

2 mg gum 4 mg gum 2 mg gum 4 mg gum
(n = 82) (n = 77) (n = 79) (n = 81)

Number of subjects with C 1 AE 11 (13.4); 19 12 (15.6); 18 12 (15.2); 19 11 (13.6); 19

Abdominal pain 1 (1.2); 1 0; 0 0; 0 2 (2.5); 3

Abdominal pain, upper 0; 0 0; 0 2 (2.5); 2 1 (1.2); 2

Nausea 0; 0 2 (2.6); 2 1 (1.3); 1 1 (1.2); 1

Catheter site-related reaction 0; 0 0; 0 2 (2.5); 2 0; 0

Fatigue 2 (2.4); 2 0; 0 0; 0 1 (1.2); 1

Headache 2 (2.4); 3 4 (5.2); 4 5 (6.3); 5 1 (1.2); 1

Data are reported as n (%); nAE
AE adverse event, nAE number of AEs
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effective as the marketed original flavor sugar-
free nicotine gum, and hopefully will provide
another option for consumers who wish to stop
smoking.

CONCLUSIONS

The results of this clinical study demonstrate
that the new mint-flavored formulation of
nicotine gum available in 2 and 4 mg doses is
bioequivalent to an original flavor sugar-free
nicotine gum. The new mint-flavored formula-
tion is well tolerated at both doses and does not
present any new safety concerns beyond those
already known to be associated with NRT. This
new nicotine gum formulation may provide
smokers a new and appealing option when
choosing an NRT to aid in smoking cessation.
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