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ABSTRACT STUDY DESIGN: 12-Hour Tobacco Abstinence Figure 1. Serum nicotine concentrations with and without

R.J. Reynolds Tobacco Co. (RJRT) has explored two approaches for determining nicotine uptake from ABSTINENCE: The abstinence study design was a crossover design, with monitoring of one product per background correction (example using Camel Sticks®)
use of modern smoke-free tobacco products (MSFTs) and cigarettes in smokers: dual use and week for three hours following the start of product use in a single test visit. A one-week washout period

abstinence. In the dual use design, subjects smoked ad libitum until 30 minutes before in-clinic was utilized between products. Generally healthy males and females aged 21-55 were enrolled. The 1a. Dual Use Design (~ Stick)

assessment. Subject assessment involved use of a tobacco product and timed blood collections four products from the dual use studies were evaluated: subjects’ UB cigarette, followed by randomly

before, during, and after product use for measurement of serum nicotine concentrations. For some ordered Camel Strips®, Camel Sticks®, or Camel SNUS®. Subjects arrived at the testing facility

MSFTs, serum nicotine concentrations decreased during and following use, indicating that the approximately at 8:00 am following a minimum 12-hour smoking and nicotine abstinence intended to

elimination rate of pre-existing nicotine from same-day smoking was greater than uptake from the minimize incoming nicotine levels. A catheter was placed in the antecubital region of the forearm. Serial ~ =
MSFT. Therefore, estimation of nicotine uptake from MSFTs required adjustment for baseline nicotine blood samples were collected beginning prior to product use (0 minutes) and at 3, 5, 7.5, 10, 15, 20, 30, %4 E
from same-day smoking. To do so, it was assumed nicotine decayed following first-order kinetics, and 45, 60, 75, 90, 105, 120, 135, 150, 165, and 180 minutes after the start of product use. g §
a published nicotine half-life of 120 minutes was used. Baseline nicotine remaining at each time point g ] §~
was calculated and subtracted from the observed concentrations. Area-under-the-curve (AUC) was Samples were analyzed at Celerion (Lincoln, NE, formerly MDS Pharma). g , %
calculated using the adjusted concentrations. 2 E

In the abstinence design, smokers abstained from all nicotine-containing products, including cigarettes, M ETH O DS

for 12 hours prior to in-clinic assessment. The longer nicotine abstention minimized baseline nicotine

levels, resulting in a smaller impact of nicotine decay to the adjustment than in the dual use design. Visual inspection of the time-concentration profiles of the dual use study design suggested that serum
The previously described adjustment for incoming nicotine was performed, and baseline-adjusted nicotine decreased during MSFT use. Because subjects were using a nicotine-containing product during 1b. Abstinence Design (~' Stick)
AUCs were calculated. the assessment, nicotine concentrations were expected to increase. The likely cause for the observed 6
decrease was nicotine decay from same-day tobacco use that occurred at a faster rate than uptake from
Although different subject groups were employed between the two designs, results were in good the MSFT. Thus, in order to examine the nicotine contribution of the MSFT, nicotine from same-day
agreement for all MSFTs evaluated. Cigarette AUC results from some dual use studies were lower than cigarette usage must be uncoupled from the nicotine uptake from the MSFT. 3 2
the corresponding AUC results from the abstinence design. Average baseline-adjusted AUCs for 24 %
products ranked as follows: Cigarettes > Camel SNUS® > Camel Sticks® > Camel Strips®. The dual use To accomplish this, nicotine decay was assumed to follow first-order kinetics. A modified formula for 5 , 2
design, with same-day smoking and minimal 30-minute abstinence, provided valid and accurate exponential decay expressed in terms of nicotine half-life was used. The formula below provided g g
estimates of nicotine uptake in spite of generally larger variability. background-corrected nicotine concentrations, C';: <2 2
: 2
INTRODUCTION “e= 6 G OS]
Early designs for acquiring a short-term, exploratory assessment of nicotine uptake of RIRT’s MSFTs Where .
(Camel Strips® (Strip), Camel Sticks® (Stick), and Camel SNUS®) involved a 30-minute smoking C';  Adjusted nicotine concentrations Time since start of Stick use (minutes)
abstention followed by in-clinic assessment. High incoming serum nicotine levels from same-day C;  Observed nicotine concentrations
smoking were observed and appeared to decrease following use of a single % Stick (Figure 1) or whole Co Nicotine concentration at time O Figure 1a. In the du.al u.se c.:Iesign, high mgan incoming nicotine levels (14.6 n.g/mL) from same-glay smf)king .resul’.c in jcm
Strip. While it’s possible to calculate AUC using the observed concentrations, the resulting AUC is t Time in minutes Elloparent decreas.e in rncotme conc'entratlons gﬁer Stick use (brown dashed Ime). After correction for incoming nicotine,
ood concentrations increase. Adjusted AUC is represented by the shaded region.
confounded by smoking that occurred earlier in the day. A common approach for estimating nicotine t1/2 Published nicotine half-life, or 120 minutes (1, 3)
uptake when background levels are present is to subtract the nicotine level at time 0 (baseline) from Figure 1b. Uncorrected nicotine levels (brown dashed line) appear to rise after product use in the abstinence design, where
all nicotine concentrations and calculate AUC on the adjusted concentrations. This method is also AUC was calculated on C’, using the trapezoidal rule. Two-sample t-tests with unequal variance were incoming nicotine levels are minimal (1.4 ng/mL). The adjusted AUC (blue shaded region) is not statistically significantly
known as net incremental AUC. However, when nicotine levels are decreasing after product use, this used to compare analogous AUCs between study designs. For example, Camel Sticks® were monitored different from the AUCin the dual use design.
subtraction results in a negative AUC. Negative AUC is not possible, and it is reasonable to assume for 30 minutes and 60 minutes during the Camel Sticks® dual use study; thus, AUC from Camel Sticks® in
that some uptake from these MSFTs occurs. It was necessary to devise another way to account for the abstinence design was calculated as partial AUCs on both the first 30 minutes and the first 60 CO N CLU SIO N
incoming or backgrOL.md nicotine levels so that uptake.frorn the monltored product can be minutes for statistical comparison of dual use vs. abstinence Camel Sticks®. > The background correction method adjusts nicotine concentrations for the purpose
calculated. The following method of background correction is described that assumes that the
incoming nicotine decays following first-order kinetics. This method of correction was also applied to In all cases but one, which involved the cigarette comparison, the calculated AUCs from the dual use of calculating AUC. This method may be used whether or not high background
an abstinence study design in which the impact of background nicotine levels was minimized, thereby design were not statistically significantly different from the AUCs calculated from the abstinence design levels of nicotine are present.
minimizing the background correction. The abstinence study design provides a more precise (Table 1), despite generally larger variability. > Due to high incoming nicotine levels, variability was larger for the MSFTs in the

measurement of product nicotine uptake due to the low level of background nicotine.

dual use design. However, calculated AUCs for all MSFTs were generally not

o statistically significantly different between the dual use and the abstinence designs.
Ta ble 1' AUC Com Qarison » While no statistically significant differences were detected, the abstinence study

STUDY DESIGN: Dual Use

DUAL USE RJRT's MSFTS”(CamGIStr;:pS(@,CamEI StiCkS®, Camel SNUS®) were evaluated in three individual 30-minute AUC? 60-minute AUC 90-minute AUC design is preferred for estimating nicotine exposure’ because the confounding
studies with ambulatory “migration” designs. Generally healthy male and female smokers aged 21-55 were « « « . . « .
L{ng > min)/mt] l{ng > min)/mL] l{ng > min)/mt] response from the cigarette is minimized.

enrolled. Subjects smoked ad libitum during the first week and dual-used both their usual brand (UB) Mean DualUse Abstinence Dual Use Abstinence Dual Use Abstinence
cigarettes and the study-specific MSFTs for three weeks. Subjects participated in test visits, before and after (s.0.)  Design Design Design  Design Design  Design > In terms of AUC, products ranked as follows:
the switch to dual use, during which product use occurred. Timed blood samples were collected for Camel Strips®” 19.0 13.5 45.3 32.8 Cigarettes > Camel SNUS® > Camel Sticks® > Camel Strips®
determination of nicotine concentrations during and following use. Subjects arrived at the testing facility (17.5) (7.6) (39.1) (14.2)
following a minimum 30-minute smoking and nicotine abstinence. A catheter was placed in the antecubital P 24.2 32.2 88.1 86.6

: : : - L : : CRE) . (27.1) (14.7) (99.8) (28.7)
region of the arm, which enabled timed blood sampling. Nicotine concentrations were measured in serum ' ' ' ' RE F E RE N CES
samples, and AUC was calculated to estimate nicotine uptake. Camel SNUS®? 109 102 241 222

(86) (28) (195) (75)
. . e e . , Cigarette 226 294 1. Benowitz, N., Swan, G., Jacob, P., Lessovschlaggar, C., Tyndale, R (2006) CYP2A6 Genotype and the
Fpr the ﬁrSF blood collection of the Camel Strips a.nd Camel Sticks SFUd'eS',SUbJe(?tS smol.<ed e L (Strips Study)® (97) (114) Metabolism and Disposition Kinetics of Nicotine. Clinical Pharmacology & Therapeutics. 80(5):
cigarette with concurrent blood sampling for 30 minutes. At the 30 minute timepoint, subjects started use Cigarette 2938 294 | 457-467
of one MISFT product with concurrent blood sampling for an additional 30 minutes. For the second blood (Sticks Study)' (74) ‘ (114) 2. Killén, A (2008). Computational Pharmacokinetics. Chapman & Hall/CRC Biostatistics Series, Taylor
collection three weeks later, subjects used only one Strip or approximately %2 a Stick with concurrent blood Cigarett(: 302 458 455 & Francis Group.
sampling for 60 minutes. Product.s were used until completion (Camel §tr|ps ) or until subJ.ects deudeql to (SNUS Study) (164) (114) (231) (12) 3. Shiffman, S., Cone, E.J., Buchhalter, A.R., Henningfield, J.E., Rohay, J.M., Gitchell, J.G., Pinney, J.M.,
end use of the product (Camel Sticks®). In the Camel SNUS® study, subjects smoked a UB cigarette during ° All AUCs were calculated for the interval specified using the trapezoidal rule. ~ Average estimated mouth level exposure Chau, T. (2009) Rapid absorption of nicotine from new nicotine gum formulations. Pharmacology
the first visit and used a Camel SNUS® pouch for up to 30 minutes during the last visit, with concurrent (nicotine) = 0.54 mg/Camel Strips®. ~ Average estimated mouth level exposure (nicotine) = 1.28 mg/% Camel Sticks®. SN : _ '
: — 0 e . Biochemistry and Behavior. 91:380-384.

blood sampling Iasting 90 minutes for each product. Average mouth level exposure (nicotine) = 2.28 mg/Camel SNUS® pouch. =~ Average mouth level exposure (nicotine) =

1.28 mg/cigarette. 1:Average mouth level exposure (nicotine) = 1.39 mg/cigarette.  Significantly different from
Abstinence AUC, p=.0397. h Average mouth level exposure (nicotine) = 1.38 mg/cigarette.

For the first 30 minutes of product monitoring, blood samples were collected at O, 3, 5, 7.5, 10, 15, 20, and ACKNOWLEDGEMENTS N
30 minutes. Longer monitoring periods included blood draws at every 10 minutes until monitoring was : : :
complete 5 L v £ Sample sizes: Camel Strips® Dual Use n=28, Camel Sticks® Dual Use n=27, Camel SNUS® Dual Use The authors would like to acknowledge and thank Paul Nelson, Mike Borgerding, and Mitch Stiles

' n=32, Abstinence Study n=15 (n=14 for Abstinence Study Camel SNUS®) for their assistance, thoughts, and discussion about this poster.

Samples were analyzed at Analytisch-biologisches Forschungslabor (Miinchen, Germany).



