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Abstract
Background: Despite the well-known health consequences of cigarettes, many adults still smoke.
VERVE® Blue Mint Discs (Discs) are innovative, chewable, non-dissolvable oral tobacco-derived nicotine
products designed for adult smokers (AS) interested in alternatives to cigarettes. We assessed impact of
using Discs on product use behavior and biomarkers of exposure (BOE) in AS.

Methods: In this randomized, two-arm, parallel group study, AS (n=154) not planning to quit in the next 30
days were randomized to either a Control Group (n=62) that continued smoking their own brand
cigarettes or Test Group (n=92) with the option to use Discs for four weeks under ad libitum conditions.
Changes from Baseline to End of Study (EOS) between the Groups were analyzed for CPD and BOEs to
select harmful and potentially harmful constituents (HPHCs) – nicotine, NNK, benzene and carbon
monoxide.

Results: Most AS (78%) in the Test Group reduced their CPD (~20% on average, p<0.05), some (~9.4%)
reducing by 50-99% and a few (~2.4%) switched completely to Discs. The changes in CPD was
biochemically con�rmed with signi�cant reductions in COHb (p<0.05). Percent changes in BOEs for
nicotine, NNK and benzene tended to be lower in participants using Discs compared to the Control Group
indicating lower exposure to HPHCs.

Conclusions: Overall, our results suggest that many AS reduced their cigarette consumption, and some
switched completely to Discs. Switching completely from cigarettes to Discs, if sustained over time, may
offer an opportunity for smoking-related harm reduction. (238 words)

Implications
Many in public health including FDA have acknowledged a risk continuum for tobacco products wherein
combustible products like cigarettes being most harmful and non-combustible products like oral tobacco
products presenting lower risks. We have developed an innovative oral tobacco product that does not
contain cut, ground, powdered, or leaf tobacco – a point of differentiation compared to most oral tobacco
products in the U.S
This research shows that adult smokers, even those not interested in quitting, when given open access,
replace their cigarettes with Discs with many reducing their cigarette consumption and some switch
completely from cigarettes to Discs.
Switching completely from harmful combustible cigarettes to Discs, may present a harm reduction
opportunity for those smokers unable or unwilling to quit.

Background
The harm caused by tobacco use is primarily attributable to cigarette smoking. Despite known health
consequences, millions of adults are likely to continue smoking. According to the World Health
Organization, there would be an estimated 1.1 billion smokers globally in 2025 [1].
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Preventing smoking initiation and promoting smoking cessation are and should remain core strategies to
reduce tobacco-related harm. In recent years, the public health community has increasingly recognized
that providing less harmful alternatives to those smokers who are unable or unwilling to quit could be a
complement to conventional tobacco control policies [2]. A general consensus is being reached in the
scienti�c community that not all tobacco products present the same risk [3–6]. In fact, public health
authorities, including FDA, agree that there is a broad continuum of risk among tobacco and nicotine
products. According to this body of evidence, combustible cigarettes are most harmful while smokeless
tobacco products present relatively lower risks [6]. FDA has announced that its comprehensive regulatory
plan to signi�cantly reduce tobacco-related disease and mortality will focus on striking an appropriate
balance between regulation and encouraging the development of innovative tobacco products that may
be less dangerous than cigarettes [7].

We have developed VERVE® Blue Mint discs (Discs) which are oral, chewable, non-dissolvable tobacco
products containing approximately 1.5 mg tobacco-derived USP (United States Pharmacopeia) grade
nicotine. These products are different from any other oral tobacco product on the market in that they do
not contain cut, ground, powdered or leaf tobacco, but contain tobacco-derived nicotine and food or
biocompatible medical grade non-tobacco ingredients including �avors.

The potential public health bene�t of such products can only be achieved if they are lower risk than
cigarettes and adult smokers consider them as acceptable alternatives such that they will completely
switch to such products and stop smoking cigarettes altogether. Any assessment of the harm reduction
potential of these products must include a determination of how consumers use the product and
subsequent impact on exposure to harmful and potentially harmful constituents (HPHCs).

The purpose of this randomized clinical trial was to determine the impact of using Discs on cigarettes per
day (CPD) and biomarkers of exposure (BOE) to select HPHCs in adult cigarette smokers relative to adult
smokers who continued smoking and did not use Discs.

Methods

Study design
The study was an open-label, randomized, controlled, parallel group clinical study carried out in
ambulatory settings at 3 sites in the US (Texas, Florida and Indiana). The main purpose of this study was
to determine the impact of making Discs available to adult smokers on product use behavior and
biomarkers of exposure. We also intended this to be a pilot study for a clinical model to assess the
impact of open access of novel tobacco products on product use behavior and exposure to select HPHCs.
The study protocol, informed consent and other relevant documents were the protocol was reviewed and
approved by an Institutional Review Board (IRB, MidLands Independent IRB, Overland Park, KS). This
study was conducted in accordance with Good Clinical Practice (GCP) based on the International
Conference on Harmonisation (ICH) guidelines, and the corresponding sections of the US Code of Federal
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Regulations (CFR) governing the Protection of Human Participants (21 CFR 50), IRBs (21 CFR 56), and
the Basic Principles of the Declaration of Helsinki.

Study population
The study participants were adult cigarette smokers of 10 or more cigarettes per day (CPD) during the
last six months; between 21 and 65 years of age, in generally good health and not intending to quit
smoking in the next 30 days. Concomitant users of other tobacco products were not excluded from the
study. Participants were excluded if they currently used nicotine replacement therapy; they had
uncontrolled hypertension, history of coronary heart disease or other signi�cant heart conditions, and/or
other signi�cant medical conditions that might interfere with study procedures; they had a history of drug
or alcohol abuse within the previous 24 months; they used prescription anti-diabetic medication and/or
insulin therapy within the previous 12 months; for females: they were pregnant, nursing or planning to
become pregnant.

Study Products:
TEST PRODUCTS: VERVE® Blue Mint Discs are oral, non-dissolvable mint-�avored products containing
approximately 1.5 mg USP (United States Pharmacopeia) grade tobacco-derived nicotine in a polymer
matrix that have a �rm, �exible texture which are placed in the mouth, chewed as long as the smokers
want and discarded when done. These products are designed for adult smokers interested in alternative
tobacco products.

OWN BRAND CIGARETTES: Participants used their own brand of cigarettes during the study.

Study Design
The study consisted of a four-week Screening Period, one-week Baseline Period, and four-week Product
Use Period. Screening (Visit 1) occurred within 28 days of Day 1 (Day − 28 to Day − 1). Participants were
offered smoking cessation information (Quit Assist™ brochure and website) before enrolling in the study
and after exiting the study.

Participants who completed the initial evaluation were asked to use a sample of the Discs as they liked
for 15 minutes and then completed a Potential Purchase Interest Questionnaire. Only participants
indicating that they “de�nitely would buy” or “probably would buy” the product underwent the rest of the
screening procedures. Participants who met the study eligibility requirements were enrolled into the study.
Enrolled participants visited the study sites weekly for a study period of �ve weeks. The �rst week (Week
0) was the Baseline Period from Day 1 to Day 8 ± 1. During the Baseline Period participants used their
own brand of cigarettes ad libitum and reported the amount used per day via daily Interactive Voice
Response System (IVRS) tracking. At the end of the baseline period, on Day 8, participants were
randomized (based on gender, daily cigarette consumption based on IVRS data [≤ 20 and > 20], and quit
attempts based on Day 1 questionnaire data [any quit attempt/ no quit attempts in the past 30 days]) to
the Test or Control Group. The baseline CPD was determined based on average of Day 2 through Day 8
for CPD as recorded through IVRS.
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Participants in the Test Group were provided Discs and were told to use them ad libitum (up to 24 Discs
per day) throughout the four-week Product Use Period, along with ad libitum use of their own brand of
cigarettes. Participants in the Control Group were not provided Discs and were told they could continue to
use their own brand of cigarettes ad libitum throughout the four-week Product Use Period. For the Test
Group, used/unused Discs packages were collected during the weekly visits and new Discs were
dispensed. Both groups reported their amount of CPD and Discs used through IVRS each day between
16:00 and 19:00. Weekly visit procedures for both groups included sample collection (urine, blood,
exhaled CO) for BOE analyses and safety assessment, which included vital signs and reporting of
concomitant medications and adverse events (AEs). Because this was an open label study, product use
assignments were not blinded.

Study outcomes and measurements
The outcomes measured in this study were product use behavior (from daily IVRS calls) and select BOEs.

Biomarkers of Exposure
Urinary total NNAL (total 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol [NNAL]) for NNK exposure, urinary
nicotine equivalents [NE, nicotine, nicotine glucuronide, cotinine, cotinine glucuronide, trans-3’-hydroxy
cotinine and trans-3’-hydroxy cotinine glucuronide] for nicotine exposure, urinary S-phenylmercapturic
acid [S-PMA] for benzene exposure, blood carboxyhemoglobin [COHb] and exhaled carbon monoxide [CO]
for CO exposure. The BOEs measured in this study are biomarkers of exposure to smoke constituents
identi�ed by the FDA as harmful and potentially harmful constituents (HPHC). BOE assessment occurred
at Visit 3 and changes were assessed at Visits 4 (after 1 week), 5 (after 2 weeks), 6 (after 3 weeks) and 7
(after 4 weeks, end of study).

Fagerström Test for Cigarette Dependence (FTCD) scores, number of quit attempts (How many times
during the past 30 days have you stopped smoking cigarettes for 24 hours or longer because you were
trying to quit?) and quitting intentions (Are you planning to quit smoking in the next 30 days?) were also
assessed at the beginning and end of the study.

Bioanalytical methods
Urine BOEs were analyzed in spot urine samples (collected during afternoon study visits) using validated
analytical methods with appropriate quality controls according to the FDA Guidance for Industry:
Bioanalytical Method Validation (May 2001) and in accordance with FDA Good Laboratory Practice
regulations (Title 21 CFR Part 58). The analytical measurements were conducted using liquid
chromatography–tandem mass spectrometry (LC-MS/MS) described elsewhere [8]. Baseline Urine
creatinine and blood COHb were analyzed at a Clinical Laboratory Improvement Amendments of 1988
(CLIA-88) certi�ed clinical laboratory.

Nicotine equivalents (mg) were calculated as the molar sum of nicotine, total cotinine, and total trans-3'-
hydroxycotinine excreted in the afternoon spot urine sample. Urinary NE, Total NNAL and S-PMA were
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normalized for creatinine concentration. Exhaled CO measurement was performed with Micro + ™

Smokerlyzer® CO monitors.

Product use behavior
Daily product use was assessed by the IVRS throughout the study. IVRS is an entirely automated tool
which uses a telephone as a device to input information. Study participants were instructed to call into a
pre-speci�ed number daily between 16:00 and 19:00 and answer recorded questions on their past 24-hour
product use by using the number pad on a touch tone phone. Data was summarized weekly for
comparisons.

Statistical analyses
Demographic baseline characteristics were summarized by study group with descriptive statistics.
Fisher’s exact test was used to test for the differences in categorical variables and t test to test for the
differences in continuous variables.

The primary analysis was conducted in the per-protocol (PP) set (N = 142), which comprised all
randomized participants who completed post-baseline assessments, had no major protocol deviations
(missed clinic visits or visits outside of protocol allowed time frame), and did not discontinue from the
study. A linear mixed model for repeated measures analysis of variance (ANOVA) was used for the
analysis of the absolute and percent change from baseline in all BOEs. The BOE baseline values were
determined based on measurements made on Day 8, baseline CPD was determined based on average of
Day 2 through Day 8 for CPD as recorded through IVRS. SAS procedure Proc Mixed was used for the
statistical computing.

Differences in Least Squares (LS) means between Test and Control groups were reported along with 95%
CIs of the difference for each visit with P-values (α = 0.05) of a 2-tailed t-test obtained from Mixed Effects
Repeated Measures Model. The same model and statistical comparisons were used percent change from
baseline in CPD and Total FTCD scores (without interaction effects).

Statistical analyses on the differences in proportion of participants in subgroups (change from baseline
in weekly average of CPD, total scores of FTCD, quit attempts and quit intentions) were carried out using
the Mantel-Haenszel Chi-Square test and/or Fischer’s Exact Test.

Results
154 adult cigarette smokers were randomized based on gender, CPD (≤ 20 and > 20) and quit attempts
(any quit attempt/no quit attempts in the past 30 days) to either the Test (n = 92) or Control Group (n = 
62) in ~ 3:2 ratio. Of these 154 participants, 142 completed the study and were included in the per-
protocol population.
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Some participants (n = 12) were excluded from the per-protocol population due to major protocol
deviations (missed visits or visits outside of protocol allowed time frame) or discontinuing from the
study. This resulted in a per-protocol assessment of 87 participants in the Test Group and 55 participants
in the Control Group.

There were no statistically signi�cant differences between the study groups in demographic
characteristics. The study population was comprised of n = 76 (49.4%) male and n = 78 (50.6%) female
participants, with a mean age of 43 years. One (0.6%) subject was Asian, 26 (16.9%) were Black or
African American, 119 (77.3%) were White, and 8 (5.2%) were of another race. Nine (5.8%) participants
were Hispanic or Latino. Mean BMI was 28.6 kg/m2. Majority of the participants (71.4%) consumed ≤20
CPD at baseline. The Test Group baseline mean CPD by IVRS at Baseline was 17.8 (+/-5.58 SD) and the
Control Group mean CPD was 19.5 (+/-7.39 SD).

Product use behavior

CPD and Disc use
The statistical analyses of the differences in percent change from baseline in mean CPD between study
groups is presented in Table 1. For the Test Group, mean CPD decreased at all post-baseline visits
ranging from 15% to ~ 19%, while no signi�cant change was noted for the Control Group (95% con�dence
interval included zero). The difference between study groups was statistically signi�cant at all post-
baseline visits, with p-values < 0.0001 (Table 1). Approximately 78% of the study participants reduced
their cigarette consumption.
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Table 1
Percent Change in Cigarettes Per Day

Timepoint N1Test/
Control

LS Mean2

(95% CI)
Test
Group
% Change

LS Mean
(95% CI)
Control
Group
%
Change

Difference of LS Means (Test-Control)
and 95% CI for the Difference3

P-
value4

Week 1 87/55 -15.0
(-18.5,
-11.5)

3.1 (-1.3,
7.5)

-18.1 (-23.8, -12.5) < 
0.0001

Week 2 87/55 -16.5
(-21.2,
-11.7)

2.9 (-3.1,
9.0)

-19.4 (-27.1, -11.7) < 
0.0001

Week 3 87/55 -16.3
(-21.1,
-11.6)

2.9 (-3.1,
8.9)

-19.2 (-26.9, -11.6) < 
0.0001

Week 4 85/55 -19.3
(-24.3,
-14.3)

3.2 (-3.1,
9.4)

-22.5 (-30.5, -14.5) < 
0.0001

1 N was the number of participants.

2 Least Squared (LS) means from Mixed Effects Repeated Measures Model: Mixed Effects Repeated
Measures Percent Change from baseline = study group + visit + study group*visit + subject + random
error, �tted with unstructured covariance matrix; Baseline values represent an average of IVRS data
collected from Days 1–8 (Week 0)

3 95% con�dence interval for the difference of least squares means.

4 P-value from two-tailed t-test obtained from Mixed Effects Repeated Measures Model.

The mean daily consumption of Discs in the Test Group was approximately 5 discs per day (Week 1: 4.5
(SD+/2.87), Week 2: 4.9 (SD+/-3.82), Week 3: 4.6 (SD+/-3.72), Week 4: 4.9 (SD+/-3.93).

Other tobacco products were used only occasionally by a small number of participants.

Proportion of participants in subgroups based on change
from baseline CPD
Participants were grouped based on changes from baseline in the weekly average of CPD (no change, < 
50% reduction, 50–99% reduction, 100% reduction, any increase). The proportion of participants in the
cigarette use subgroups differed statistically signi�cantly (p < 0.05) between study groups at all post-
baseline visits.
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At the end of the study (Week 4), ~ 66% of participants in the Test Group reduced their cigarette
consumption by < 50%; ~9.4% reduced their cigarette consumption by 50%-99% and ~ 2.4% did not report
cigarette use for the past 7 days, the remaining participants either increased (~ 13%) or did not change
(9%) their CPD (Table 2). In the Control group ~ 44% reduced their cigarette consumption by < 50%;
however, none of the participants reduced their cigarette consumption by > 50% or completely stopped
smoking. We note that the Disc consumption was higher (~ 9 Discs per day) in the Test Group
participants that reduced CPD consumption by > 50%. Additionally, the baseline CPD in the Test Group
was much lower in those individuals that switched completely to Discs and stopped smoking relative to
other subgroups (Table 2).

Table 2
Distribution of Participants by Study Group Based on CPD

  Test Group Control Group

Group
CPD
Changes

N
(%
group)

CPD
Baseline
Mean (SD)

CPD EOS
Mean
(SD)

Disc
use per
day
EOS
Mean
(SD)

N
(%
Group)

CPD
Baseline
Mean (SD)

CPD EOS
Mean
(SD)

Increase 11
(12.94)

16.2
(5.56)

17.9
(4.87)

5.1
(3.87)

29
(52.73)

19.4
(8.41)

21.6
(8.78)

No
Change

8
(9.41)

17.4
(8.38)

17.4
(8.38)

4.0
(4.25)

2
(3.64)

20.0
(0)

20.0
(0)

< 50%
Reduction

56
(65.88)

18.4
(5.06)

15.2
(4.1)

4.5
(3.05)

24
(43.64)

19.5
(6.49)

17.8
(5.61)

50–99%
Reduction

8
(9.41)

18.5
(6.04)

5.0
(3.32)

8.6
(6.78)

0 NA NA

100%
Reduction

2
(2.35)

11.3
(2.80)

0 5.4
(7.58)

0 NA NA

CPD = cigarette per day; Baseline = average of Day 2 to 8 for CPD as measured through IVRS; EOS = 
end of study;

NA = Not Applicable, SD = Standard Deviation

Data shown as LS Means, error bars represent upper limit of the 95% Con�dence Interval.

* p-value < 0.05; ** p-value < 0.0001 from two-tailed t-test obtained from Mixed Effects Repeated
Measures Model; CPD = Cigarettes per day, NE = Urinary nicotine equivalents (nicotine + �ve
metabolites), NNAL = Total urinary NNAL, S-PMA = S-phenyl mercapturic acid, CO = carbon monoxide,
COHb = Blood Carboxyhemoglobin.

Data for study participants that reduced cigarette consumption by 50–99% are shown as mean ± 
SEM. Individual observations are presented for each of the participants that stopped smoking. Dotted
lines represent nonuser levels in carboxyhemoglobin based on Roethig et al., 2009 [21].
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Biomarkers of exposure
The statistical analyses of the differences in percent change from baseline in mean BOEs between study
groups is presented in Fig. 1.

All the BOEs levels were lower in the Test Group compared to the Control Group (Fig. 1), however
signi�cant variability was observed in all the spot urine BOE measurements (% coe�cient of variation
ranging from 72–99% for total NNAL, 61–81% for NE and 94–102% for S-PMA in the Test Groups). The
EOS reductions were 12.6% for total NNAL, 9.8% for NE, 19% for S-PMA, 10% for COHb and 12% for eCO.
Statistically signi�cant reduction (p < 0.05) was observed for COHb at all measurements (Weeks 1–4), at
Week 2 for eCO and S-PMA. In general, the urinary BOE levels trended higher in both Test and Control
groups relative to baseline but not the COHb or eCO levels. There was a relatively higher variability
observed within the groups for eCO relative to that observed for COHb.

The magnitude of reductions in BOEs in the Test Group participants that reduced their CPD 100%
con�rmed no smoking – eCO up to 86%, COHb up to 69%, NE up to 100%, NNAL up to 89%, and S-PMA up
to 95%. The trajectory of change in COHb (Fig. 2 (B)) followed the trajectory for reduction in cigarette
consumption. A gradual reduction in COHb was noted in the participants that reduced CPD by 50–99% at
EOS and appeared to correspond with the reduction in CPD (Fig. 2). Due to the large variability observed
in the spot urine measurements, no inferences can be drawn related to urinary BOE for the subgroup that
reduced CPD by 50–99%.

FTCD, quit intentions and quit attempts.

There was no statistically signi�cant difference in percent change from baseline to EOS in total score on
the FTCD between study groups. Additionally, no statistically signi�cant differences were observed
between Test and Control regarding the proportion of participants indicated a change in quit intentions or
quit attempts. However, 12 participants (13.95%) in the Test Group and 5 (10.00%) in the Control Group
indicated intention to quit in the next 30 days at EOS relative to lack of such intentions at baseline.

Adverse events
There were no deaths or serious AEs during the study, 25 out of 92 participants (27.2%) in the Test Group
reported a total of 41 AEs and 7 out of 62 (11.3%) participants in the Test Group reported 17 AEs. Majority
of AEs in the Test Group (39/41 events) were mild in severity and 14/41 were determined by the Study
Principal Investigator as possibly, likely or related to the test products (all considered as mild in severity).
The adverse events considered product related were: cough (5 events), headache (2 events)
oropharyngeal pain (2 events), dry throat (1 event), nasal congestion (1 event), throat irritation (1 event),
diarrhea (1 event) and dizziness (1 event).

Discussion
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We report that under the conditions of this study, when presented with the option of using Discs, many
adult smokers replace their cigarettes, ~ 78% of the study participants reducing their cigarette
consumption, and ~ 10% of the study participants reduced their cigarette consumption by 50% or more.
These observations are of relevance since the adult smokers in this study had no intentions to quit
smoking in the next 30 days. Further, as illustrated by the BOE measurements, adult tobacco consumers
replacing cigarettes with the candidate products have lower exposure to the HPHCs found in tobacco
smoke.

While the maximum health bene�t can best be achieved by smoking cessation, smoking reduction is a
potential pathway to smoking cessation [9–14]. No scienti�c consensus exists among public health
regarding the impact of smoking reduction and relationship to disease risks. Favorable changes in
cardiovascular risk markers and quality of life assessments have been reported from long-term smoking
reduction of at least 50% of daily cigarettes [9]. Rennard et al. [15] report that smoking reduction with the
help of nicotine gum was associated with decreased respiratory tract in�ammation as assessed by
bronchoalveolar lavage. While smoking reductions may have favorable health outcomes, smoking
cessation is the desirable outcome to achieve proven reductions in smoking-related disease risks.
Nevertheless, the reductions in BOE (nicotine, NNK, benzene, and carbon monoxide) among participants
replacing their cigarettes with Discs indicates lower exposure to HPHCs, which is encouraging, and indeed
a small number of participants switch completely from cigarettes to Discs. The average reduction in
blood COHb corresponded to the CPD reduction for the overall study population (~ 20% CPD reduction), in
the 50–99% CPD reduction group as well as for the participants reducing their CPD by 100%, thus
providing biochemical con�rmation of CPD reduction.

Further assessment revealed that one participant completely switched to the Discs and the other
participant stopped using all tobacco products. The reductions in the BOE for HPHCs including NNK,
benzene and carbon monoxide exposure con�rmed the changes in product use behavior in these two
participants. For the participant who reported complete tobacco product cessation, we did not detect
nicotine levels and the reductions in urinary NNAL were comparable to the estimated levels expected
upon smoking cessation. These results further veri�ed the self-report status of no cigarette consumption
for both study participants. While these numbers are small, such changes in cigarette consumption were
not observed in the Control Group.

Although all the urinary BOEs tended to be lower in the Test Group compared with the Control Group, they
did not correspond to the extent of CPD reduction which could be due to three likely reasons. First, as
reported by Hatsukami et al [16] reduction in cigarette consumption may be accompanied with
compensatory cigarette smoking behavior. However, the proportionate reduction in the blood COHb levels
does not support likely occurrence of this phenomenon. Second, the dose-response relationship between
CPD and BOEs differs among BOEs and the elimination kinetics may in�uence the biomarkers’ ability to
re�ect changes in cigarette consumption. In particular, NNAL has a half-life of 10- to 18-days and can be
detected in urine for 6 to 12 weeks after smoking cessation [17], thus requiring similar time to reach a
new steady state level after switching between tobacco products. Third, variability in spot urine is often
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observed, even after adjusting for creatinine [18, 19]. Circadian rhythm in glomerular �ltration rate (GFR)
and renal plasma �ow has been reported in healthy individuals [20]. Day-time GFR was found to be higher
compared with overnight, and urine �ow was found to have the same circadian rhythm as GFR. Within
individual variability in biomarkers (e.g. cadmium excretion ranging from 4-10-fold) has been attributed to
circadian rhythm. Similarly signi�cantly high variability has been observed in cigarette smoke related BOE
during day-time urine measurements than early morning voids [19]. We collected spot urine samples
during afternoon visits to the study site, perhaps the large variability in spot urine samples may be
minimized in �rst morning void samples.

The study results should be interpreted with the limitations of the study. The participants received the test
products free. Thus, only limiting inferences can be drawn regarding actual product use behavior under
“real-world” conditions since the study does not consider all the factors that may in�uence purchase
decisions of adult smokers. Such limitations may be offset by conducting in-market observational
studies. The number of participants switching to Discs and reducing cigarette consumption by > 50% was
relatively small (~ 12%). However, given that none of the AS in the Control Group exhibited this behavior
and that the participants did not intend to quit, this phenomenon suggests that the impact of Discs might
alter smoking behavior in a favorable direction. Recall bias from tracking test product use under
ambulatory conditions is another limitation, however likely similar recall bias in the control group and
daily IVRS calls may counterbalance this limitation. Another potential limitation is that this study was not
designed as a complete switching study and concomitant use of other tobacco products was allowed.
Although these products were reportedly used only sporadically by a small number of participants, their
impact on BOEs has not been speci�cally analyzed and cannot be ruled out. The participants enrolled in
the study were only those that expressed an interest in using the product upon a single use trial, thus
likely incorporating self-selection bias. Nevertheless, this might re�ect a realistic situation where an adult
smoker may try a new product before making a decision to become a regular user. The clinical model of
presenting adult smokers with the open access and choice of using a new tobacco product is a useful
paradigm to assess the impact on product use behavior and exposure to select HPHCs.

Conclusion
Overall, administration of Discs was well tolerated over the 4-week product use period in this population
of healthy male and female smokers. Discs may be considered as a potential replacement for cigarettes
and Disc use can help smokers not intending to quit to reduce their cigarette consumption that might
eventually lead to complete switching to Discs accompanied with no cigarette consumption.

Abbreviations
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AE adverse event

ANOVA analysis of variance

BMI body mass index

BOE biomarker of exposure

CFR Code of Federal Regulations

CI con�dence interval

CO carbon monoxide

COHb blood carboxyhemoglobin

CPD cigarettes per day

CV coe�cient of variation

FDA Food and Drug Administration

FTCD Fagerström Test for Cigarette Dependence

GCP Good Clinical Practice

ICF informed consent form

IRB Institutional Review Board

IVRS interactive voice response system

max maximum

min minimum

N, n number

NE nicotine equivalent

NNAL 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol

SAE serious adverse event

SD standard deviation

S-PMA S-phenylmercapturic acid

USA United States of America
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Figures

Figure 1



Page 17/17

Group Differences in Mean Percent Change from Baseline (Test – Control) Data shown as LS Means,
error bars represent upper limit of the 95% Con�dence Interval. * p-value < 0.05; ** p-value < 0.0001 from
two-tailed t-test obtained from Mixed Effects Repeated Measures Model; CPD=Cigarettes per day,
NE=Urinary nicotine equivalents (nicotine + �ve metabolites), NNAL=Total urinary NNAL, S-PMA=S-phenyl
mercapturic acid, CO=carbon monoxide, COHb=Blood Carboxyhemoglobin.

Figure 2

Reduction in Cigarettes per Day (A) and Corresponding Reduction in Carboxyhemoglobin (% saturation)
(B) (Dotted lines represent nonuser levels in carboxyhemoglobin based on Roethig et al [21] Data for
study participants that reduced cigarette consumption by 50-99% are shown as mean + SEM. Individual
observations are presented for each of the participants that stopped smoking. Dotted lines represent
nonuser levels in carboxyhemoglobin based on Roethig et al., 2009 [21].


