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Abstract

Novel noncombustible tobacco products offer adult smokers (ASs) alternatives to combustible cigarettes lower on the
continuum of risk; however, the abuse potential of such products has not been well studied. The objective of this study
was to evaluate the abuse potential of 2 chewable tobacco-derived nicotine containing products,VERVE Chews Blue Mint
(test 1) and Green Mint (test 2), in ASs compared with own-brand cigarettes (CIGS) and nicotine polacrilex gum (GUM)
using subjective measures and nicotine pharmacokinetics.ASs used the test products during a 5-day at-home trial prior to
completing an in-clinic 4-period randomized crossover study. During the study ASs used test products, CIGS, and GUM
once on separate days. Responses to Tobacco/Nicotine Withdrawal and Direct Effects of Product questionnaires were
documented, and blood samples were collected to assess nicotine pharmacokinetics during each product use. Nicotine
pharmacokinetic parameters (Cmax and AUC) were statistically significantly lower with use of test products compared
with CIGS and statistically significantly higher compared with GUM. No appreciable differences were noted between
the 2 flavors for any of the end points measured. Reductions in maximum urge to smoke and maximum responses
to the question “Is the Product ‘Pleasant’ Right Now?” for the test products were statistically significantly lower than
CIGS but comparable to GUM. Similar results were observed for responses to other items in the 2 questionnaires. The
test products, under the conditions of this study, carry lower abuse potential than own-brand cigarettes and similar to
nicotine polacrilex gum.
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Cigarette smoking is a leading cause of preventable
death in the United States, contributing to nearly half
a million premature deaths annually.1,2 Despite over-
whelming scientific evidence demonstrating negative
health consequences, >37 million Americans continue
to smoke.3 Although quitting all tobacco products
is optimum for lowering the health impact from to-
bacco products, adult smokers (ASs) unable or unwill-
ing to quit could benefit by switching completely from
combustible products like cigarettes to lower-risk non-
combustible tobacco products. Analysis of data from
Population Assessment of Tobacco and Health Wave
1 indicates that more than half of ASs (∼55%) are
indeed interested in switching to lower-risk tobacco
products.

A growing body of evidence indicates that non-
combustible products like heat-not-burn tobacco
products, e-vapor products, snus, and traditional
smokeless tobacco products have the potential to re-

duce the risk from smoking-related diseases.4–8 Many
in public health9–11 have recognized the existence of
a continuum of risk among tobacco products, with
conventional, combustible cigarettes at the highest end
of that spectrum and noncombustible products on the
lower end.
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In the current study, we assessed nicotine phar-
macokinetics and subjective responses from 2 chew-
able tobacco-derived nicotine containing products—
VERVE Chews, Blue Mint (test 1) and Green Mint
(test 2). Each test product contains∼1.5mg of tobacco-
derived nicotine that meets specifications recognized
by the U.S. Pharmacopeia. The purpose of this study
was to develop scientific evidence to address the abuse
potential of new tobacco products. In the context of
pharmaceutical products, the terms “abuse liability”
and “abuse potential” are often used synonymously
and include chemical, pharmacological, and pharma-
cokinetic characteristics of a drug. Although some
elements of abuse liability regarding pharmaceutical
products such as opioids differ from that of tobacco
products, clinical studies have used similar methodolo-
gies to evaluate the abuse potential of tobacco products
and medicinal nicotine and have included various mea-
sures of subjective effects, craving reduction, and nico-
tine exposure.12–14 Our approach to addressing abuse
potential focuses on the rate and extent of nicotine up-
take and subjective effects relative to ASs’ own-brand
cigarettes (CIGS) and nicotine polacrilex gum (GUM).

Methods
Subjects
Study subjects were male and female ASs, aged 21
to 65 years, who self-reported having smoked 10 to
20 machine-manufactured combustible cigarettes per
day, on average, for at least 1 year. Health evalua-
tions included standard physical and oral examinations
with measurements of vital signs and an electrocar-
diogram, medical history including concomitant med-
ications, and clinical laboratory assessments. Primary
exclusion criteria included any clinically significant
medical condition that would preclude the subject
from participating in the study, including women who
were pregnant or lactating, dentition that prevented
using test products or GUM, and allergies or intol-
erance to mint-flavoring agents. Subjects were also
excluded if they had attempted to quit smoking in the
3 months prior to participation, were postponing a quit
attempt to participate, used any tobacco or nicotine-
containing product (including test products) other than
combustible cigarettes within 30 days of check-in, or
had >5 lifetime uses of test products. Enrolled subjects
were provided quit assist information (QuitAssist web-
site containing resources that could be used for smoking
cessation) at screen and end-of-study visits.

Study Products
Chemical analyses of test products demonstrated that,
other than nicotine, levels of harmful and potentially
harmful constituents were absent or substantially

lowered compared with cigarettes and smokeless to-
bacco products and comparable to that observed for
GUM.15 Each test product contains ∼1.5 mg tobacco-
derived nicotine. Subjects’ own-brand cigarettes
and Nicorette Fresh Mint 2-mg nicotine polacrilex
gum (GlaxoSmithKline Consumer Healthcare, L.P.,
Warren, New Jersey) functioned as high- and low-abuse
potential comparators, respectively. Test products and
GUM were provided free of charge, whereas subjects
provided their own cigarettes.

Study Design
This study used a randomized, open-label, 4-period
crossover design and occurred at a single research cen-
ter (Celerion, Lincoln, Nebraska).

Ethics Approval
The Chesapeake Institutional Review Board
(Columbia, Maryland) reviewed and approved this
study. The investigator and all research staff conducted
the study in accordance with the ethical standards in
the Declaration of Helsinki, applicable sections of
the US Code of Federal Regulations, and ICH E6
Guideline for Good Clinical Practice. All participants
provided written informed consent.

Product Trial Period
Subjects participated in a 5-day at-home product trial
period prior to the in-clinic product evaluations to
become familiar with test products and to determine
whether they would be willing to use them during the
study. Subjects received 2 packages of each of test 1 and
test 2 products (12 pieces per package) and instructions
to use them ad libitum, with no limit on the number
per day or duration per use. Subjects documented their
use behavior during the product trial period, including
number of CIGS smoked per day and the number and
average duration of test products used each day.

Study Product Evaluation Period
Subjects who remained eligible and interested in con-
tinued participation following the product trial period
were randomized into 4 product use sequence groups
based on sex and age (above and below median).

Subjects remained in the clinic from the time of
check-in until completion of the study events 4 days
later. Products were used once each day in the morning
with ∼24 hours between product uses. Subjects chewed
1 piece of test product for up to 30 minutes, took
10 puffs (no limit on puff duration) from 1 cigarette at
30-second intervals, or chewed 1 piece of GUM for up
to 30 minutes according to the product’s instructions
(“chew and park”method). Research staff documented
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adverse events and the need for concomitant medica-
tions throughout the study.

Nicotine Measurement and Pharmacokinetics
Serial samples to measure plasma nicotine concentra-
tions were collected ∼5 minutes prior to and 2, 5, 10,
12, 15, 20, 30, 60, 120, and 180 minutes following the
start of each product use. Plasma nicotine concentra-
tions were analyzed by liquid chromatography-tandem
mass spectometry using validated analytical methods
(Celerion, Lincoln, Nebraska) in accordance with ap-
plicable FDA Good Laboratory Practice regulations
(Title 21 CFR Part 58). The plasma samples were ex-
tracted with solid-phase extraction using a polymeric
solvent. The sample extracts were injected into an iso-
cratic chromatography system utilizing a polar organic
solvent to achieve reversed-phase separation. The inter-
nal standard was d4-nicotine. Detection was achieved
on an AB SCIEX AB 5500 triple quadrapole instru-
ment in which positive ions are detected in multiple
reaction monitoring mode. The transitions monitored
were 163.2-130.1 and 166-132 for nicotine and d3-
nicotine, respectively. The lower limit of quantification
was 0.200 ng/mL. Intrabatch precision was 2.5%-8.5%,
intrabatch accuracy was −11.0% to 13.0%, interbatch
precision was 3.3%-9.7%, and interbatch accuracy was
4.5%-7.5%. The lower limit of quantification for nico-
tine was 0.200 ng/mL.

Subjective Measures
Subjective measures were assessed using the Mod-
ified Cigarette Evaluation Questionnaire (mCEQ):
Tobacco/Nicotine Withdrawal Questionnaire, Direct
Effects of Product, and Use the Product Again ques-
tionnaires. All questionnaires were administered using
the Cantab Connect platform from Cambridge Cogni-
tion (Cambridge, UK), which displayed 1 question at a
time with numerical checkboxes or a visual analog scale
(VAS). Subjects received training on the check-in day on
the use of the device and questionnaires. The mCEQ
was further modified for use with test products (ie,
“cigarettes” replaced by “chews”) and was completed
on the clinic check-in day. Each item was answered on
a scale of 1 (“Not at All”) to 7 (“Extremely”). The
items on the Direct Effects of Product represent subjec-
tive measures with demonstrated sensitivity for detect-
ing between-product differences in a clinical laboratory
setting.16 The Tobacco/Nicotine Withdrawal Question-
naire was adapted from the Minnesota Nicotine With-
drawal Scale.17 Subjects responded to each itemof these
questionnaires with a standard 100-mm VAS anchored
with “Not at All” and “Extremely.” Subjects completed
the Direct Effects of Product and Tobacco/Nicotine
Withdrawal Questionnaires about 5, 15, 30, and 60

minutes following the start of each product use and
provided a baseline value for the Tobacco/Nicotine
Withdrawal Questionnaire about 10 minutes before the
starting the use of each product. The Use the Prod-
uct Again Questionnaire (“If given the opportunity, I
would want to use this product again”) was adminis-
tered immediately after each product use and 180 min-
utes following the start of each product use and was
adapted from abuse-deterrent formulation drug trials
measure “I would want to take this drug again.”18 A
100-mm bipolar VAS was used, with “Definitely Would
Not” (−50) at the left anchor, “Don’t Care” (0) at the
midpoint and “DefinitelyWould” (+50) at the right an-
chor.

Data Analyses
Phoenix WinNonlin bersion 6.3 (Pharsight, Princeton,
New Jersey) was used to calculate the pharmacokinetic
parameters, and the statistical summarization and anal-
ysis were performed using SAS version 9.3 (SAS, Cary,
North Carolina). The plasma concentrations were ad-
justed for baseline levels, using 1-compartment phar-
macokinetics. Cmax, AUC0-180, andTmax were calculated
from the individual baseline-adjusted plasma nicotine
concentrations using a noncompartmental approach. A
linear mixed model for analysis of variance was per-
formed on the natural log-transformed Cmax and AUC
parameters. The model included sequence, study prod-
uct, and period as fixed effects and subject nestedwithin
sequence as a random effect.

“Urge to Smoke” from the Tobacco/Nicotine With-
drawal Questionnaire and “Is the Product Pleasant
Right Now” from the Direct Effects of Product Ques-
tionnaire served as the primary subjective measure
variables for statistical analysis. The maximum reduc-
tion in the “Urge to Smoke” item (defined as the
maximum difference between the baseline and post-
baseline VAS scores) and the maximum score for
“Pleasant” were calculated for each subject under each
product condition and served as the basis of compari-
son in the analysis. The model included sequence, study
product, and period as fixed effects and subject nested
within sequence as a random effect, and the number
of cigarettes smoked per day reported at screening as
a covariate. The other items on the Direct Effects of
Product and Tobacco/Nicotine Withdrawal Question-
naires were summarized descriptively. Responses to the
Use the ProductAgainQuestionnaire were summarized
using frequency counts of positive scores (response
from “Don’t Care” to “Definitely Would”), negative
scores (response from “Don’t Care” to “Definitely
Would Not”), or neutral (response of “Don’t Care”).
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Table 1. Demographics

n = 28

Sex, n (%) Female 10 (36%)
Male 18 (64%)

Race, n (%) Black or African
American

1 (4%)

White 27 (96%)
Other 0 (0%)

Ethnicity, n (%) Hispanic or Latino 1 (4%)
Not Hispanic or Latino 27 (96%)

Age, years Mean 42.3
SD 13.3

BMI, kg/m2 Mean 27.8
SD 4.1

Cigarettes per day Mean 16.8
SD 3.6

Years of smoking Mean 23.5
SD 15.4

Own brand cigarettes, n (%) Menthol 6 (21%)
Nonmenthol 22 (79%)

Results
Subjects
Fifty-seven subjects were screened for the study, 30 par-
ticipated in the product trial period, and 28 were ran-
domized. Two subjects discontinued their participation
for personal reasons early after being randomized.

The study population (Table 1) was predominantly
Caucasian (96%) andmale (64%), with an average age±
standard deviation (SD) of 42.3 ± 13.3 years, smoked
an average of 16.8 ± 3.6 cigarettes per day, for an aver-
age of 23.5 ± 15.4 years, and 6 subjects (21%) reported
smoking a menthol cigarette.

Study Product Use
The self-reported daily use of test products during the
product trial period ranged from 1 to 7 pieces (median,
1-2 pieces) of either flavor each day, with a use duration
ranging from 3 to 30 minutes (median, 12-18 minutes).
During the study product evaluation period, 27 subjects
completed use of test products, and 26 subjects com-
pleted use of the CIGS and GUM.

Nicotine Pharmacokinetics
The pharmacokinetic profiles were essentially super-
imposable for the 2 test products (Figure 1). Plasma
nicotine concentrations following use of test products
increased slowly and were markedly lower than that for
the own-brand cigarettess. Further, the peak nicotine
concentrations from test products occurred at approx-
imately the same time as for GUM, but considerably
later than the CIGS.

As shown in Table 2A, the maximum plasma nico-
tine concentration, Cmax, with test products (test
1, 2.73 ng/mL; test 2, 2.90 ng/mL) was statistically
significantly lower than the corresponding con-
centrations with CIGS (12.11 ng/mL, P < .0001
for all comparisons). Likewise, overall exposure
(AUC0-180), as shown in Table 2B, was also statis-
tically significantly lower with use of test products
(327.11 and 348.98 ng·min/mL) compared with CIGS
(946.29 ng·min/mL,P< .0001 for all comparisons). The
Cmax and AUC were statistically significantly higher
for test products compared with GUM (2.04 ng/mL
and 246.30 ng·min/mL, respectively; P < .05 for all
comparisons).

Subjective Measures
Modified Cigarette Evaluation Questionnaire. Average

factor scores on the mCEQ following 5 days of at-home
test products use ranged from 1.54 to 2.8 of a possible
7 points, with most scores falling into the “very little”
(2) to “a little” (3) range on the scales.
Tobacco/Nicotine Withdrawal. The urge to smoke de-

creased rapidly within 5 minutes of the start of product
use (Figure 2). Maximum mean reductions in smoking
urge with use of test products were experienced within
15 to 30 minutes and remained steady through 60 min-
utes. Peak responses to smoking occurred at 15 min-
utes, and the urge increased toward baseline thereafter.
The shape of the response curve for GUM was gener-
ally similar to test products, although the urge to smoke
continued to decrease modestly from 5 to 60 minutes.
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Figure 1. Mean plasma nicotine concentration-time profiles.

Table 2. Nicotine Pharmacokinetic Parameters

A. Cmax(0-180) (ng/mL)

Mean ± SD Geo. LS Mean

Geo. LS Mean
Ratio (95%CI),

Test/Cigarette (%)

Geo. LS Mean Ratio
(95%CI), Test/Gum

(%)

Own-brand
cigarette (n = 26)

13.56 ± 7.1747 12.11

Nicotine polacrilex
gum (n = 26)

2.781 ± 1.8058 2.04

Test 1 (n = 27) 2.894 ± 0.95257 2.73 22.57
(17.78-28.65)

a
133.72

(105.38-169.69)
b

Test 2 (n = 27) 3.133 ± 1.2021 2.90 23.99
(18.91-30.45)

a
142.14

(111.99-180.40)
b

B. AUC0-180 (ng·min/mL)

Mean ± SD Geo. LS Mean
Geo. LS Mean Ratio

(95%CI), Test/Cigarette (%)
Geo. LS Mean Ratio

(95%CI), Test/Gum (%)

Own-brand cigarette (n = 26) 1017 ± 303.53 946.29
Nicotine polacrilex gum (n = 26) 332.0 ± 205.17 246.30
Test 1 (n = 27) 349.1 ± 121.81 327.11 34.57 (28.12-42.49)

a
132.81 (108.07-163.21)

b

Test 2 (n = 27) 380.0 ± 155.44 348.98 36.88 (30.01-45.32)
a

141.69 (115.28-174.15)
b

Values are presented as arithmetic mean ± SD, geometric least-squares mean and geometric least-squares mean ratio (%) with sample size (n) and
the 95% confidence interval (CI) for the geometric mean ratio between the test products and own-brand cigarette and nicotine polacrilex gum.
a
P < .0001.

b
P < .05.

The maximum reduction from baseline for the Urge
to Smoke (Table S1) was statistically significantly
smaller with use of test 1 (21.48 ± 22.13) and test
2 (24.19 ± 22.87) compared with smoking (40.35 ±
32.37). The maximum reduction for GUM (26.46 ±

30.81) was not statistically significantly different from
test products.

For the remaining items on the Tobacco/Nicotine
Withdrawal Questionnaire (Table S2), the maximal ef-
fects were consistently lower for test products than for
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Figure 2. The change in “Urge to Smoke” VAP response based on the Tobacco/Nicotine Withdrawal Questionnaire.

Table 3. Maximum Direct Effects of Product Scores

Question
Test 1
(n = 27)

Test 2
(n = 27)

Own-Brand
Cigarette (n = 26)

Nicotine Polacrilex
Gum (n = 26)

Is the Product “Satisfying” Right
Now?

41.41 ± 27.81 41.63 ± 30.43 74.69 ± 25.75 46.19 ± 25.08

Is the Product Making You Feel
“Calm” Right Now?

39.15 ± 27.12 44.56 ± 27.82 73.19 ± 25.22 46.85 ± 26.81

Is the Product Helping You
“Concentrate” Right Now?

32.04 ± 25.48 29.70 ± 24.44 59.15 ± 30.78 35.96 ± 24.51

Is the Product Making You Feel
More “Awake” Right Now?

34.74 ± 24.81 35.70 ± 27.13 53.23 ± 29.35 39.42 ± 25.46

Is the Product Making You Feel
“Sick” Right Now?

28.70 ± 28.11 20.93 ± 23.09 16.00 ± 21.22 18.31 ± 23.87

Is the Product Reducing Your
“Hunger” for Food Right Now?

29.11 ± 22.62 25.93 ± 23.49 40.65 ± 27.01 29.46 ± 24.06

Would You Like “More” of the
Product Right Now?

26.22 ± 25.10 32.33 ± 26.94 69.04 ± 26.60 33.31 ± 26.96

Values are presented as mean ± SD.

the smoking condition and generally similar to GUM.
In addition, the responses tended to be slightly higher
for test 2, but the differences between the test products
were relatively small.
Direct Effects of Product. Table 3 illustrates the max-

imum VAS scores recorded during the 60 minutes fol-
lowing product use. Compared with the smoking con-
dition, maximum VAS scores for the “Is the Prod-
uct ‘Pleasant’ Right Now” question were statistically
significantly lower (Table S1) with the use of test

1 (42.07 ± 25.58) and test 2 (38.33 ± 29.22) test
products compared with cigarettes (74.31 ± 25.31).
The response for GUM (44.92 ± 26.16) was not
statistically significantly different compared with test
products.
Intent to Use the Product Again. Responses to the Use

the Product Again Questionnaire for each product
were fairly consistent between times (Table S3). Use
of the test products resulted in positive responses
(VAS score > 0) in 52% to 63% of the subjects, which
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was considerably lower than smoking (81%-92%) and
generally slightly higher than GUM (38%-50%).

Safety
All products were well tolerated as used during the
study. No serious adverse events were reported, and no
subjects were discontinued because of adverse events.
Three adverse events were reported by 2 of 30 sub-
jects during the product trial period, whereas 15 events
were reported by 10 of 28 subjects during the study
product evaluation period. All events were considered
mild in severity by the principal investigator (PI). Two
headache events (1 following use of test 2 and one
following GUM), 2 dizziness events (both following
smoking), and 1 nausea event (following smoking) ex-
perienced during the study product evaluation period
were considered by the PI to be possibly related to
study product, and all others were considered not re-
lated. Presyncope was the most frequent adverse event
reported during blood draw, experienced by 5 subjects,
4 of which followed smoking and 1 followed use of
GUM.

Discussion
In the current study, we assessed nicotine uptake and re-
sponses to subjective measures to gain an understand-
ing of the relative abuse potential of the test products
compared with CIGS and 2-mgGUM. Our results sug-
gest that nicotine uptake and subjective responses from
the test products are more analogous to GUM and sig-
nificantly lower than cigarettes. Overall, our assessment
demonstrates that the abuse potential of the test prod-
ucts is lower than cigarettes and similar to GUM. In
addition, nicotine uptake and subjective responses were
similar for the 2 flavor variants of the test products, sug-
gesting that flavor does not likely impact abuse potential
of the product.

In this study, we compared the nicotine pharmacoki-
netics of test products relative to CIGS and GUM.
Many researchers believe that the speed and efficiency
of nicotine delivery affects the reinforcing efficacy of
tobacco/nicotine products, which may influence sub-
sequent use behavior.12,18 We collected venous blood
samples at multiple points, which allowed for an exami-
nation of the rate and extent of nicotine delivery follow-
ing controlled single use of test product, cigarettes, and
GUM. The relative differences in the pharmacokinet-
ics results seen in this study are consistent with the oral
versus pulmonary routes of uptake. Cigarette smoking
resulted in a higher Cmax, shorter Tmax, and larger AUC
than both GUM and the test product use. The phar-
macokinetic parameters for test product were ∼30%-
40% higher compared with GUM. These differences
may be attributed to the source of nicotine, tobacco-

derived nicotine in test product versus nicotine bound
to an ion-exchange resin (polacrilex). Another likely
reason could be the “chew and park” instructions for
using GUM, which may not have resulted in sufficient
chewing to extract as much nicotine relative to the
test product.

We enrolled only established ASs into this study,
as this is the intended audience that would benefit
by switching completely from cigarettes to the test
products. Use of the subjects’ CIGS and GUM were
intended to serve as high and low abuse potential
comparators, respectively. Similar to approaches used
previously,19 we used a lead-in period that gave all sub-
jects the same opportunity to become familiar with the
characteristics of the products prior to formal evalu-
ation, which to some extent mimics the early exper-
imentation period that consumers go through when
trying a tobacco product for the first time. The subjec-
tive measures used in this study are reported to be re-
lated to the positive and negative reinforcing effects of
the products.12,13,16,20,21 Responses to the subjective ef-
fect items generally aligned with nicotine pharmacoki-
netics, with CIGS resulting in the highest ratings and
similar ratings for the test products and GUM. Re-
sponses to the urge to smoke question followed an ex-
pected pattern inverse to the rise and fall of nicotine in
the blood, and a significant reduction from the base-
line urge to smoke was observed with use of each of
the products. The relative differences in the subjective
responses observed in this study are consistent with the
routes of product administration. The gradual absorp-
tion of nicotine from the orally administered products
resulted in a delayed pharmacologic effect. Smoking
CIGS alleviated withdrawal symptoms to a greater ex-
tent than test product and GUM. The peak urge to
smoke response and overall shape of the urge to smoke
response-time curves with the use of the test products
were generally similar to GUM, and the responses to
the other withdrawal items following use of these prod-
ucts were also comparable overall. The test products
trended similar to cigarettes regarding suppression of
urge to smoke, and GUM had a lower response. De-
spite the 25% lower level of nicotine in the test prod-
ucts (1.5 mg) compared with GUM (2.0 mg), The test
products were able to suppress the urge to smoke to a
slightly greater extent. Sufficient, sustained suppression
of withdrawal symptoms and the urge to smoke after a
period of withdrawal or cessation is an important com-
ponent for a tobacco or other nicotine-containing prod-
uct to be adopted as an alternative to cigarettes.12 These
observations suggest that the test product may be con-
sidered a suitable alternative to smoking for some ASs.
We have observed such behavior in a separate 6-week
ambulatory study in which ∼23% of ASs not planning
to quit switched completely to the test product.22
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Our findings align with a report23 on another
novel oral tobacco-derived nicotine-containing prod-
uct (test 1, containing 1.5 mg nicotine), which is sim-
ilar to test products except having a different chewable
polymer matrix. Koszowski et al23 evaluated nicotine
delivery, satisfaction and urge suppression with the use
of VERVE Discs in 13 daily smokers following peri-
ods of abstinence and nonabstinence from smoking.
Plasma nicotine concentrations increased from baseline
by 1.4 and 2.7 ng/mL, respectively, 5 minutes follow-
ing a 15-minute use period. Despite the small degree of
nicotine boost and “low” to “moderate” product-liking
scores, subjects experienced significant reductions in
cigarette craving, as measured by the Questionnaire for
Smoking Urge factor scores following the period of
abstinence. In another study, Buzzell et al24 observed
lower ratings of satisfaction and consumer acceptabil-
ity compared with traditional smokeless tobacco with
the use of VERVE Discs.

We observed that responses to the Direct Effect of
Product questions were significantly lower for the test
products and nicotine polacrilex gum compared with
own-brand cigarettes. Further, when asked about future
use of each product, subjects overwhelmingly (>80%)
responded with an intent to smoke their cigarettes
again. A substantial proportion (∼50%-60%) expressed
intent to use the test products, whereas relatively fewer
subject expressed interest in the nicotine polacrilex gum
(∼30%-50%). These results are consistent with other
reports in which ASs with an established preference
for their own cigarettes typically responded more fa-
vorably to their own product than to other tobacco
products.19,20,23

Although the test products are not intended for
a cessation indication because of the similarity with
route of administration (oral ingestion), form (chew-
able), and amount of nicotine, we compare our
results to extensive literature regarding the abuse poten-
tial of nicotine replacement therapy. Overall our find-
ings also align with extensive literature regarding the
abuse potential of nicotine replacement therapy (NRT),
which includes pharmacokinetic25,26 and pharmacody-
namic evaluations,27 as well as human abuse poten-
tial studies with measures of drug identification, drug
liking, subjective effects, and physiological effects.28–31

In addition, numerous clinical trials18,32,33 and obser-
vational studies34,35 have examined use behavior and
dependence associated with oral NRT use. The use
of nicotine, either as NRT or oral tobacco-derived
nicotine products, appears to have relatively low abuse
potential compared with more traditional forms of
tobacco products, such as cigarettes and smokeless
tobacco products. The results of our study com-
bined with the literature on oral NRTs, which are
similar in form and composition to the test prod-

ucts, suggest that the test products likely have low
abuse potential.

Results of this study also demonstrate no differences
between the flavor variants of the test products on the
nicotine delivery or subjective responses. We observed
similar ratings on the Direct Effects of Product Ques-
tionnaire, similar craving/withdrawal relief, and nearly
identical PK curves between test 1 and test 2 product va-
rieties. These findings are comparable to published lit-
erature reports, which demonstrated no change in abuse
potential of GUM with improvement in flavor.29

The study results should be considered in the con-
text of some limitations inherent with such investiga-
tions. The sample size of the study is relatively small
(n = 27); however, typical sample sizes for studies ex-
amining nicotine pharmacokinetics and subjective ef-
fects are oftenwithin this range.19,23,25 Furthermore, the
study was conducted in a confined clinic environment,
and the subjective responses may not reflect real-world
observations. However, this inherent limitation is essen-
tial to gather robust and reliable subjective responses
to questionnaires administered under the supervision
of clinic staff. Another limitation relates to character-
ization of study end points from a single use of the
test products. Additional characterization of subjec-
tive responses under real-world settings, for example,
an actual use study under ambulatory settings, may fur-
ther inform the abuse potential of such novel products.
Despite some of these limitations, this study provides
useful data regarding the nicotine uptake and subjec-
tive effects of the test products.

This study also had several strengths. First, we en-
rolled only established ASs, who represent the indi-
viduals that would benefit by switching completely
from cigarettes to the test products. All subjects self-
reported they were naive to the test products prior to
screening, which minimized the potential presence of
previously established bias toward or against the test
products. We then implemented a lead-in period, which
gave all subjects the same level of familiarity with the
characteristics of the test products prior to formal eval-
uation, which to some extent, mimicked the early stage
of use that tobacco users go through when trying a to-
bacco product for the first time. Second, we included
subjects’ CIGS and GUM as positive (high abuse po-
tential) and negative (low abuse potential) control com-
parators, respectively. Inclusion of these comparators
demonstrated sensitivity of the laboratory-basedmodel
in that we observed the expected differences between
CIGS and GUM. Inclusion of these comparators also
allowed us to benchmark the relative abuse potential of
the test products. Finally, we collected nicotine blood
plasma levels and subjective effects atmultiple times fol-
lowing product use. This rigorous data collection pro-
cedure allowed us to characterize the full-time course
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of product effects, including the peak subjective and
pattern of subjective effects relative to nicotine blood
plasma concentrations.

In conclusion, the results of this study demonstrate
that the abuse potential of the test products is likely
lower than with cigarettes and similar to nicotine po-
lacrilex gum. Furthermore, no significant impact of the
flavor variants was observed for the study end points.
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