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Background: Although tobacco products with reportedly re-
duced carcinogen content are being marketed, carcinogen
uptake in people who use these products has not been as-
sessed systematically. Methods: Between June 2001 and No-
vember 2002, 54 users of smokeless tobacco and 51 cigar ette
smoker s wer e randomly assigned to one of two groups. One
used test products (Swedish snus for users of smokeless
tobacco or OMNI cigarettes for smokers), while the other
quit and used medicinal nicotine (the nicotine patch). All
participants wer e assessed for urinary levels of total NNAL
[4-(methylnitr osamino)-1-(3-pyridyl)-1-butanol and its gluc-
uronide], metabolites of the tobacco-specific carcinogen
4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone.  Smokers
wer e also assessed for levels of 1-hydroxypyrene (1-HOP), a
biomarker of polycyclic aromatic hydrocarbon uptake. As-
sessments were made weekly during 2 weeks of basdline
normal tobacco use and 4 weeks of treatment. Statistical
tests were two-sided. Results: Primary data analyses were
conducted on 41 users of smokeless tobacco and 38 cigar ette
smokers who met the inclusion criteria. Total NNAL levels
were statistically significantly lower in users of smokeless
tobacco after they switched to snus or to nicotine patch
(P<.001 for both groups) than they were before the switch,
although the overall mean total NNAL level among subjects
who used the nicotine patch was statistically significantly
lower than that among those who used snus (mean = 1.2 and
2.0 pmol of NNAL/mg of creatinine, respectively; mean dif-
ference = 0.9 pmol of NNAL/mg of creatinine, 95% confi-
denceinterval [CI] = 0.2 to 1.5; P = .008). Compared with
baseline levels, total NNAL levels (P = .003), but not 1-HOP
levels, were statistically significantly reduced in cigarette
smokerswho switched to the OMNI cigar ette, although both
total NNAL levelsand 1-HOP levels were statistically signif-
icantly reduced in smokers who switched to the nicotine
patch (P<.001 for both). The overall mean total NNAL levels
among smoker swho used the nicotine patch was statistically
significantly lower than that among smokers who used the
OMNI cigarette (mean = 1.2 and 1.9 pmol of NNAL/mg of
creatinine, respectively; mean difference = 0.6 pmol of
NNAL/mg of creatinine, 95% ClI = 0.1 to 1.1; P = .022).
Conclusion: Switching to reduced-exposure tobacco prod-
ucts or medicinal nicotine can decrease levels of tobacco-
associated carcinogens, with greater reductions being ob-
served with medicinal nicotine. Medicinal nicotine is a safer
alternative than modified tobacco products. [J Natl Cancer
Inst 2004;96:844-52]

In the United States, although the majority of smokers want
to quit, it is estimated that only 4% of smokers quit smoking
successfully for at least 1 year (1) and that less than 10% are
interested in taking action to quit (2). Therefore, the many
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tobacco users who are unable or not ready to quit continue to
expose themselves to toxins in tobacco and in tobacco smoke.
Consequently, methods aimed at reducing tobacco-related harms
are being considered to help reduce tobacco-related morbidity
and mortality without completely eliminating tobacco use (3).

Several methods have been suggested to reduce exposure to
tobacco toxins, including modifying tobacco products or heating
rather than burning tobacco to produce toxin levels that are
lower than those in conventional products. This study focuses on
two tobacco products, Swedish moist snuff (snus) and the OMNI
cigarette, that are purported by the makers of the products and,
in the case of snus, also by researchers (4), to contain lower
levels of specific carcinogens than conventional products mar-
keted in the United States.

Tobacco-specific nitrosamines are the most abundant and
potent carcinogens in smokeless tobacco products and are
among the most prevalent in cigarette smoke (5-7). The tobac-
co-specific nitrosamine 4-(methylnitrosamino)-1-(3-pyridyl)-1-
butanone (NNK) and N’-nitrosonornicotine (NNN) are well-
established rodent carcinogens (6). Rats exposed to NNK develop
tumors of the lung, nasal cavity, pancreas, and liver, whereasrats
exposed to NNN develop mainly esophageal and nasal tumors.
Rats swabbed orally with a mixture of NNK and NNN develop
oral cavity tumors (5).

Tobacco-specific nitrosamines are formed from tobacco al-
kaloids during the curing, fermentation, and aging of the tobacco
leaves. Some tobacco companies are using methods to reduce
the formation of these carcinogens. For example, Swedish
Match, a maker of snus, uses a special process to kill microor-
ganisms in tobacco, which results in the formation of lower
levels of tobacco-specific nitrosamines than produced by the
curing methods used for many products marketed in the United
States. In addition, snus does not undergo fermentation, the
absence of which also leads to reduced nitrosamine levelsin the
tobacco product (4). It is estimated that the level of total
tobacco-specific nitrosamines in snus is approximately 8.8 wg/g
of tobacco [cited in (8)]. Total tobacco-specific nitrosamine
levels in the most widely used U.S. brands of moist snuff range
from 11.0 to 17.2 p.g/g of tobacco (9). For one tobacco-specific
nitrosamine, NNK, our laboratory has found a 65% lower level
in snus than in the leading brand of smokeless tobacco sold in
the United States (unpublished data).
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Similar curing processes have been used with cigarettes to
reduce nitrosamine levels (3). Tobacco has aso been treated
with palladium, providing a catalytic process to reduce the
concentration of certain carcinogens. The OMNI cigarette, man-
ufactured by Vector Tobacco, is such a cigarette. According to
information provided by the manufacturer (http://www.omnicig.
com), the mainstream smoke of the OMNI cigarette has 53%
less NNK than do conventional cigarettes (based on the Federal
Trade Commission [FTC] method to analyze smoke constitu-
ents) and 20% less pyrene than does a leading competitive
brand. Although pyrene is noncarcinogenic, it is a representative
polycyclic aromatic hydrocarbon (PAH). PAHSs, formed from
the incomplete combustion of tobacco during smoking, are po-
tent carcinogens in animal models and are probably carcinogenic
in humans (10-17). NNK and PAH are considered causative
agents for lung cancer in people who smoke cigarettes (13).

How reduced-exposure tobacco products will affect efforts to
reduce the harms associated with tobacco smoking is unclear.
Indeed, several unresolved issues related to the use of reduced-
exposure tobacco products need to be addressed. First, because
tobacco products marketed as “reduced exposure’” may be con-
strued as safer, tobacco users may be deterred from trying to quit
entirely, or ex—tobacco users may be encouraged to relapse.
Second, only a few independent scientists have examined the
validity of the claims of reduced exposure or disease risk asso-
ciated with reduced-exposure tobacco products, and few studies
have measured the actual exposure of toxins in humans (18,19).
Third, because no comparisons have been made across alterna-
tive nicotine-containing products, the public is unaware of the
relative extent of exposure to tobacco toxins across the various
products, including medicinal nicotine. The purpose of the
present study was to determine the effect of use of modified
reduced-exposure tobacco products on exposure to carcinogens
and to compare these toxin exposures to those in people who
used medicinal nicotine products (the nicotine patch) asan aid to
quitting smoking.

METHODS
Subjects

Men who used brands of smokeless tobacco marketed in the
United States and men who smoked conventional cigarettes
were recruited between June 2001 and November 2002 from the
local Minneapolis-St. Paul metropolitan area via posted flyers,
advertisements in the local and university newspapers, and ad-
vertisements on the radio for a study that was “comparing new
tobacco products and nicotine replacement products.” Only men
were recruited because very few women use smokel ess tobacco,
and we wanted comparable groups of individuals who smoked
and who used smokeless tobacco. Potential participants attended
an informational meeting that described the study in detail. To
be eligible to participate in the study, subjects had to be between
the ages of 21 and 65 years, had to be in good physical and
mental health as confirmed by a medical history, had to have
smoked at least 15 cigarettes per day or used at least one tin of
moist snuff per week for a minimum of 1 year, could not
currently be using other types of tobacco products on a regular
basis, and could not currently be using any methods for quitting
tobacco or for cutting down on tobacco use. All participants
provided written informed consent.
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Procedure

The study design is shown in Fig. 1. During the first 2 weeks
of the study, participants were asked to continue to use their
usual brand of tobacco. Outcome measures were assessed during
two clinic visits that took place during the first 2 weeks of the
study (i.e., their ad libitum baseline tobacco use). At the end of
these 2 weeks, participants were randomly assigned in an un-
blinded manner to one of two treatment conditions until each
group consisted of approximately 25 subjects. The randomiza-
tion code was determined by a study biostatistician using a block
randomization method, and researchers assigned participants to
the appropriate treatment condition. Participants who used
smokeless tobacco were randomly assigned to one of two
groups. Group 1 quit smokeless tobacco by using the 21-mg
transdermal nicotine patch (Nicoderm CQ, donated by Glaxo-
SmithKline), whereas group 2 switched from their usual brand
of smokeless tobacco to the unflavored 1-g-portion pouches of
snus (General Snus). Two participants used mint-flavored 1-g-
portion pouches of snus. Snus was chosen because it is awidely
used tobacco product in Sweden, and Swedish Match, the man-
ufacturer, is now marketing snus in the United States. The U.S.
brands of smokeless tobacco with low nitrosamine levels are not
widely used, possibly because they deliver relatively low levels
of nicotine (20). Cigarette smokers were randomly assigned to
one of two groups. Group 1 quit smoking by using the 21-mg
nicotine patch, whereas group 2 switched from their usual brand
of cigarettes to OMNI Light cigarettes. For al participants, the
duration of treatment was 4 weeks. Participants were required to
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v ¥ ¥ '
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4 weeks 4 weeks 4 weeks 4 weeks
Randomly assigned Randomly assigned Randomiy assigned Randomly
= N=29 = assigned
N =25
Dropouts Dropouts Dropouts before
Week 1 Week 1 Week 2 Dropouts before
-1 disliked snus -1 distiked patch -1 no show Week 2
Week 2 -1 adverse events* -1 disliked Omni -1 couldn’t quit
-1 death in family Week 2
-1 no show
-1 adverse event'
Week 3
-1 schedule conflict
Sampled targeted for Sample fargeted for Sampled targeted for Sample targeted for
data analyses data analyses data analyses data analyses
N=24 N=27 N=24 N=24
Dropped from Dropped from Dropped from Dropped from
analyses analyses analyses analyses
-5 used other -5 used tobacco -2 used other -8 used tobacco
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N=19
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Fig. 1. Study design and participant flowchart for users of smokeless tobacco and
cigarette smokers.
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attend weekly clinic visits, during which the study products were
distributed and outcome measures were assessed. Participants
assigned to the nicotine patch groups received brief (5-10
minute) tobacco cessation counseling. Two participants who
smoked cigarettes and two who used smokeless tobacco were
unable to quit by using the 21-mg nicotine patch; thus, their
nicotine patch doses were increased to 42 mg (two 21-mg
patches). Participants assigned to the snus or OMNI cigarette
treatment groups were encouraged to use the same amount of
these tobacco products as they had of their usual brand of
tobacco.

Participants were paid $150 for completing the study and
received a $100 bonus if they used only the assigned products
during the 4-week treatment period. Total potential compensa-
tion was therefore $250.

After completing the study, participants assigned to the snus
or OMNI cigarette treatment groups were given a 4-week supply
of the nicotine patch and behaviora counseling to help them
quit. All procedures were approved by the University of Min-
nesota I nstitutional Review Board and were in accordance with
an assurance filed with and approved by the U.S. Department of
Health and Human Services.

M easures

Tobacco and nicotine patch use. Throughout the study,
participants were required to keep daily records of their tobacco
use. Participants recorded the total number of cigarettes smoked
or dips of snuff taken per day, the opening of a new cigarette
pack or tin of oral tobacco, and the use of other tobacco prod-
ucts. Participants who used the nicotine patch were required to
write down the time that each new patch was placed on the body.

Tobacco alkaloids. Levels of cotinine and its glucuronide,
metabolites of nicotine, were analyzed to provide a measure of
daily nicotine exposure and to verify compliance with study
products. Urinary cotinine and its glucuronide were quantified as
total cotinine (referred to herein as cotinine) as described (21).
To verify abstinence from tobacco in the nicotine patch treat-
ment group, we determined anatabine levels. Anatabine, a to-
bacco alkaloid that is present in tobacco products but not in
medicinal nicotine (22), was determined with a modification of
a published method, using 5-ethylnornicotine as an interna
standard (23,24).

Carbon monoxide. To verify that participants assigned to the
nicotine patch treatment were not smoking during treatment and
to measure carbon monoxide (CO) exposure in participants who
smoked OMNI cigarettes, we analyzed expired breath samples
by using a Bedfont Micro Il Smokerlyzer CO monitor. A
carbon monoxide level of 8 parts per million (ppm) or less was
required to verify compliance with abstinence in the nicotine
patch group (25).

Biomarker of NNK uptake. NNK is metabolized to
4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol (NNAL) and its
glucuronide (NNAL-Gluc). These two metabolites of NNK can
be detected in urine and are accepted biomarkers of NNK uptake
(26). Total NNAL (the sum of NNAL and NNAL-Gluc) was
quantified as described previously (27). Participants whose
NNAL levels were below the limit of detection of the method
were assigned NNAL levels that were one-half the limit of
detection for data analysis.

Biomarker of PAH uptake. Levels of 1-hydroxypyrene (1-
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HOP), aurinary metabolite of pyrene and an established biomar-
ker of PAH uptake (26), were measured in smokers. 1-HOP
occurs in urine predominantly in the form of its glucuronide. To
quantify urinary 1-HOP levels, the glucuronide was hydrolyzed,
and the total 1-HOP level (glucuronide and the hydrolyzed
product), referred to in this paper as 1-HOP, was measured. The
analysis was carried out as described (28).

Records of tobacco use and carbon monoxide levels were
obtained at all clinic visits. Other outcome measures (cotinine
levels, 1-HOP [smokers only], and total NNAL levels) were
obtained during both baseline visits and at weeks 2 and 4 of
treatment. Anatabine levels were assessed for the two baseline
visitsand at week 4. Thefirst urine void of the day was collected
for the cotinine and carcinogen exposure analyses.

Statistical M ethods

The use of 25 participantsin each of two treatment conditions
is sufficient to detect a difference of 1.25 standard deviation in
mean outcomes, with a power of 80% using a two-tailed test at
a 5% significance level. This sample size was determined based
on previous studies (21,29) that showed statistically significant
differences between baseline tobacco use and abstinence with or
without use of nicotine patches using a sample size of approx-
imately 13-14 subjects per condition. Participants who had five
or more dlips (defined as any use of their usual brand of ciga-
rettes or smokeless tobacco) in the week before their clinic visit
during treatment had their data excluded from all data analyses.
These participants were excluded to minimize the confounding
effects from the use of nonassigned tobacco products. Although
this procedure affected the randomization process, the excluded
subjects were from both treatment conditions, and analyses of
the data including these subjects (not shown) resulted in virtu-
ally similar results. Participants who dropped out before the
week 2 visit were also excluded from analyses because no urine
samples were collected from these individuals during the prod-
uct assignment phase. For the smokel ess tobacco study, of the 54
participants randomly assigned, three participants (one in the
snus treatment group and two in the nicotine patch group)
dropped out before week 2, and 10 participants (five in the snus
treatment group and five in the nicotine patch group) reported
five or more dlips or uses of other tobacco products during any
one week of treatment. For the cigarette study, of the 51 partic-
ipants randomly assigned to treatment, three participants (two in
the OMNI cigarette group and one in the nicotine patch group)
dropped out before week 2, and 10 participants (two in the
OMNI cigarette group and eight in the nicotine patch group)
reported five or more slips or uses of other tobacco products
during any one week of treatment (Fig. 1).

Participants self-reported baseline characteristics, including
ethnicity, age, number of previous quit attempts, and years of
tobacco use, were compared between the two treatment groups
(reduced-exposure tobacco products and nicotine patch) for par-
ticipants who used smokeless tobacco and for cigarette smokers.
Discrete variables were analyzed using chi-square test or Fish-
er's exact test. Continuous variables were analyzed by using the
two-sample t test, or, if normality and constant variances as-
sumptions did not hold, by the Wilcoxon rank sum test. Char-
acteristics with statistically significant differences between treat-
ment groups were considered as covariates in the models when
analyzing biomarkers and other outcome measures.
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The baseline values of tobacco use, carbon monoxide, coti-
nine, anatabine, total NNAL, and 1-HOP levels were cal culated
as the average of the measurements from the two preassignment
baseline visits. If one preassignment measurement was missing,
then the baseline value was equal to the other nonmissing
measurement.

After the randomization, two tobacco use variables—tins of
smokeless tobacco per week and cigarettes per day—were mea-
sured at every clinic visit (week 1-4) among only the reduced-
exposure tobacco product groups, that is, users of smokeless
tobacco who were assigned to General Snus or smokers who
were assigned to the OMNI Light cigarette. For each reduced-
exposure tobacco product group, the analysis of variance
(ANOVA) was applied to a mixed model to evaluate the fixed-
visit effect and the random-subject effect on the amount of
tobacco use.

The paired t test or Wilcoxon signed rank test was used to
analyze the differences between the averaged baseline and week
4 anatabine levels to determine abstinence from tobacco in the
two nicotine patch groups. For carbon monoxide, cotinine, total
NNAL, and 1-HOP (smokers only) levels, a repeated-measure
ANOVA for alinear mixed model (30) was used, in which the
model contained a fixed-treatment effect, a random-subject
effect (between-subject error), a fixed-visit effect, a fixed-
interaction effect between treatment and visit, and a random
error (within-subject error). The covariance structure was spec-
ified as compound symmetry, and variance components were
estimated using the restricted maximum likelihood method. The
multiple comparisons of mean outcomes under different treat-
ment and/or visit conditions were adjusted by using Bonferroni’s
method.

SAS version 8.2 (SAS Institute, Cary, NC) was used for
statistical analyses. All tests were two-sided, with statistical
significance set at a P value of <.05.

REsuLTs
Users of Smokeless Tobacco

The participant flowchart is shown in Fig. 1. The primary data
analysis was conducted on 41 participants: 22 participants as-
signed to the nicotine patch group and 19 participants assigned

Table 1. Demographic characteristics of participants*

to the snus group. Of the 22 participants in the nicotine patch
group, five had high anatabine levels (>1 ng/mL), and two had
high cotinine levels while on the nicotine patch, suggesting
noncompliance with the study design. Thus, after we excluded
these participants, our secondary analysis included data from 34
participants: 15 participants in the nicotine patch group and 19
participants in the snus group. No statistically significant differ-
ences were observed in participant demographics and tobacco
use history between the treatment groups at baseline (P>.05).
Therefore, Table 1 shows the participant characteristics com-
bined for both groups.

Tobacco use and cotinine levels. At baselineg, the 41 partic-
ipants used an average of 3.0 (standard deviation [SD] = 1.6,
range = 1.0-10.0) tins per week of their usual brand of smoke-
less tobacco. No statistically significant differences in amounts
used were found between the snus and nicotine patch groups
(P = .99). Among participants assigned to the snus group, the
amounts of smokeless tobacco used during baseline and after
switching to snus were not statistically significantly different
(P = .67; Table 2).The mean baseline urine cotinine level was
5960 ng/mL (SD = 3271 ng/mL, range = 1109-16 505 ng/mL),
with no statistically significant differences between groups (P =
.63). The overall mean cotinine level in the snus group (mean =
5525 ng/mL) was higher than the level in the nicotine patch
group (mean = 4189 ng/mL), athough the difference (1336
ng/mL, 95% Cl = —68 to 2739) was hot statistically significant
(P = .062). Table 2 showsthe cotinine levels across visits for the
treatment groups. In the snus group, the mean cotinine level
decreased from 6193 ng/mL at baseline to 4465 ng/mL at week
2 (P =.020) and then increased to 5926 ng/mL at week 4
(P =.054), resulting in a statistically significant overall visit
effect on cotinine level (P =.045). In the nicotine patch group,
the mean cotinine level decreased from 5759 ng/mL at baseline
to 3661 ng/mL at week 2 (P =.003) and continued to decrease
to 3204 ng/mL at week 4 (P<.001), resulting in a highly
statistically significant overal visit effect on cotinine level
(P<.001).

Biomarkers of NNK uptake. We determined the mean total
NNAL levels under different treatment and visit conditions (Fig.
2). No statistically significant differences in baseline measures
were found between the snus and nicotine patch treatment

Demographic variable

Users of smokeless tobacco (n = 41)

Smokers (n = 38)

Mean age (SD), y
Mean (SD) duration of use, y

Brand/type of tobacco, No. of users
Copenhagen
Kodiak
Skoal Long
Cut
Rooster
Red Seal

Median No. of quit attempts

Race/ethnicity
Caucasian 39
Asian 2

31.4 (5.9), range = 22-47
12.9 (6.2), range = 3-29

4.0, range = 0-100

40.9 (9.7), range = 22-55
22.3 (10.2), range = 1-39

13 Regular 15
20 Medium 2
6 Light 15
1 Ultra-light 5
1 Self-rolled 1

4.0, range = 0-100

36
2

*SD = standard deviation.
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Table 2. Mean (95% confidence interval) number of tins used per week and urinary cotinine levels across visits by treatment (Snus or nicotine patch) groups

among users of smokeless tobacco (N = 41)

No. of tins per week

Mean cotinine levels, ng/mL

Visit Snus (n = 19) Nicotine patch (n = 22) Snus (n = 19) Nicotine patch (n = 22)
Baseline 31(21to4.1) 29(241033) 6193 (4579 to 7807) 5759 (4310 to 7208)
Week 1 39(2.1t05.6)

Week 2 3.8(2.2t05.4) 4465 (3127 to 5803) 3661 (2524 to 4797)
Week 3 3.6(2.1t05.0)

Week 4 3.7(2.2t05.1) 5926 (4415 to 7437) 3204 (2256 to 4152)

groups (P = .275). The mean total NNAL levels statistically
significantly decreased over visits for both the snus (P<<.001)
and nicotine patch (P<<.001) groups, resulting in a highly sta-
tistically significant overal visit effect on total NNAL level
(P <.001). The overal treatment group effect was also statisti-
caly significant (P = .008), with the mean total NNAL level of
the snus group (2.0 pmol of NNAL/mg of creatinine) statistically
significantly higher than that of the nicotine patch group (1.2
pmol of NNAL/mg of creatinine; mean difference = 0.9
pmol/mg of creatinine, 95% CI = 0.2 to 1.5). The decreasing
NNAL levelsin both treatment groups over visits were approx-
imately parallel, resulting in a statistically nonsignificant treat-
ment by visit interaction effect (P = .230). Similar results were
observed when we limited the sample to participants in the
nicotine patch group to include only those who were compliant
with patch-only use based on anatabine results. The mean per-
cent reduction in total NNAL (calculated as the mean of indi-
vidual percent reductions) at week 4 was 48% (95% Cl = 31%
to 64%) for participants in the snus group and 90% (95% Cl =
86% to 94%) and 89% (95% CI = 83% to 95%) for participants
in the nicotine patch group without and with verification of
patch-only use based on anatabine levels, respectively. At week
4, among the 19 participants who used snus, 11 participants had

45 -
=
2 4
£
® 35
g | 32(23,42)
2 3 J‘z.s (2.0, 3.5)
3 5 28(20.36)
£ i
& H
a 2=
< !
215 N l
2151 \ l 1.4 (0.9, 2.0)
e 1/ N
§ »
i 0.5(0.3,0.7 \I,

=057 05(0307) ~weeaiio.... . 703(0.1,04)

o 03,0.7) ~302(0203)

Baseline Week 2 Week 4
Visit

Fig. 2. Levels of 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol and its glucuro-
nide (total NNAL) were measured in the urine of users of smokeless tobacco
assigned to nicotine patch or snus groups at baseline and twice during the 4-week
treatment period. Data are expressed as picomoles of total NNAL per milligram
of creatinine. Each point represents the group mean (with 95% confidence
intervals in parentheses). For participants in the nicotine patch group, data were
analyzed for al participants (n = 22, triangles and long-dashed line) and for
participants for whom levels of anatabine (an alkaloid present in tobacco but not
in medicina nicotine and thus a marker of study compliance) were below alevel
indicating tobacco use (n = 15, circlesand short-dashed line). Square marker
and solid line = snus group (n = 19).
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more than a 50% reduction in total NNAL levels, five partici-
pants had less than a 50% reduction (but at least a 15% reduc-
tion), and two participants had an increase of 17% and 28%,
respectively, in total NNAL levels. One participant had missing
values at both week 2 and week 4.

Smokers

The participant flowchart is shown in Fig. 1. The primary
analysis was conducted on 38 participants: 16 participants as-
signed to the nicotine patch group and 22 participants assigned
to the OMNI cigarette group. Four participants in the nicotine
patch group had high anatabine levels (>1 ng/mL) during patch
use. Thus, after we excluded these participants, our secondary
analysis included data from 34 participants: 12 participants in
the nicotine patch group and 22 participants in the OMNI
cigarette group. No statistically significant differences were ob-
served in participant demographics and smoking history be-
tween treatment groups at baseline (P>.05). Table 1 shows the
participant characteristics combined for both groups.

Tobacco use and cotinine levels. At baseline, the 38 partic-
ipants smoked an average of 21.8 (SD = 6.2, range = 12.1—
35.8) cigarettes per day, and no statistically significant differ-
ences in the number of cigarettes smoked per day were observed
between treatment groups (P = .89). Statistically significant
visit effects were observed for participants assigned to the
OMNI cigarette group (P<.001). The pairwise comparisons
showed that the number of cigarettes smoked per day at baseline
was statistically significantly less than that for each of the four
treatment visits (P<<.01; Table 3).The mean baseline urine co-
tinine level of al smokers was 5233 ng/mL (SD = 2607, range
= 1550-10690 ng/mL). Table 3 shows the cotinine levels across
visits for the treatment groups. Participants in the OMNI ciga-
rette group had statistically significantly lower baseline cotinine
levels (mean = 4412 ng/mL) than did participantsin the nicotine
patch group (mean = 6364 ng/mL) (P = .03). Mean cotinine
levels did not statistically significantly differ over visits among
those assigned to the OMNI cigarette group (P = .88), whereas
statistically significant decreases in mean cotinine levels over
visits were observed in participants assigned to the nicotine
patch group (P<.001).

Biomarker of NNK uptake. We determined the mean total
NNAL levels under different treatment and visit conditions (Fig.
3A). The baseline total NNAL levels were not statistically
significant different between treatment groups (P = .396).
Statistically significant decreases in total NNAL levels over
visits were observed for both the OMNI cigarette (P = .003)
and nicotine patch (P<.001) groups. The treatment group
effect was statistically significant (P = .022), with the overall
mean total NNAL levels of the OMNI cigarette group (1.9
pmol of NNAL/mg of creatinine) statistically significantly
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Table 3. Mean (95% confidence intervals) of number of cigarettes smoked per day and cotinine levels across visits by treatment groups (OMNI cigarette and

nicotine patch) among cigarette smokers (N = 38)

No. of cigarettes per day

Cotinine levels, ng/mL

OMNI cigarette Nicotine patch OMNI cigarette Nicotine patch
Visit (n=22) (n = 16) (n=22) (n = 16)
Baseline 21.7 (18.9t0 24.4) 22.0 (18.6t0 25.4) 4412 (3468 to 5355) 6364 (4849 to 7878)
Week 1 25.1(21.4t0 28.8)
Week 2 26.9 (22.9t0 31.0) 4163 (3238 to 5089) 5156 (3142 to 7170)
Week 3 26.9(22.1t031.7)
Week 4 26.0(21.81030.2) 4450 (3452 to 5448) 3437 (1964 to 4910)

higher than that of the nicotine patch group (1.2 pmol of
NNAL/mg of creatinine, mean difference = 0.6 pmol of
NNAL/mg of creatinine, 95% CI = 0.1 to 1.1). The treatment
group by visit interaction effect was also statistically signif-
icant (P<<.001). Similar results were observed when the anal-
ysis was restricted to the participants from the nicotine patch
group who were verified, based on anatabine levels, as not
using any tobacco products. Because the number of cigarettes
varied between baseline and during the use of OMNI ciga-
rettes, we calculated the ratio of total NNAL/cigarettes per
day and total NNAL/cotinine level. The ratios were observed
to statistically significantly decrease over visits for both mea-
sures (P<<.001 and P = .009, respectively). The mean percent
reduction of total NNAL at week 4 was 21% (95% CI = 3%
to 40%) for the OMNI cigarette group and 57% (95% CI =
21% to 92%) and 64% (95% CI = 21% to 107%) for the
nicotine patch group without and with verification of patch-
only use based on anatabine levels, respectively. According to
the OMNI Web site, NNK levels decrease by slightly more
than 50% using machine-determined methods developed by
the FTC and Massachusetts Department of Public Health to
assess toxic exposure. At week 4, among the 22 participants
in the OMNI cigarette group, five participants had a greater
than 50% decrease in total NNAL levels, 12 participants had
between a 0 and 50% decrease, four participants had an
increase in total NNAL levels (20%—84%), and one partici-
pant had a missing value. Of the participants who had in-
creased NNAL levels, two had smoked light cigarettes, one
had smoked ultralight cigarettes, and one had smoked regular
cigarettes during the baseline smoking of their usual cigarette
brands.

Biomarker of pyrene uptake. We measured mean 1-HOP
levels under different treatment and visit conditions (Fig. 3B).
There was no statistically significant difference in 1-HOP levels
between treatment groups at baseline (P = .51). The 1-HOP
levels statistically significantly decreased over visits among the
nicotine patch (P<.001) but not the OMNI cigarette (P = .27)
group. The overall treatment group effect on 1-HOP levels was
not statistically significant (P = .40). The 1-HOP levels did not
differ between treatment groups over visits (P = .09). Similar
results were observed for the participants in the nicotine patch
group who were verified, based on the anatabine data, as not
using tobacco products. In addition, we calculated the ratio of
1-HOP level to the number of cigarettes smoked per day and
1-HOP level to total cotinine level for the OMNI cigarette group
and found no statistically significant effects associated with visit
for either measurement (P = .10 and P = .76, respectively).
According to the OMNI Web site, pyrene levels decrease by
between 20% and 30% using methods developed by the FTC
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and Massachusetts Department of Public Heath. The mean
percent reduction of 1-HOP at week 4 was 5% (95% ClI = 27
to 38%) for the OMNI cigarette group and 27% (95% Cl =
—15% to 70%) and 52% (95% Cl = 17% to 88%) for the nicotine
patch group, without and with verification of patch-only use
based on anatabine levels, respectively. Among the 22 partici-
pants in the OMNI cigarette group, six had a greater than 50%
decrease in 1-HOP levels, five had between a 20% and 50%
decrease, three had less than a 20% decrease, and eight had an
increase or no change in 1-HOP levels. Among the eight par-
ticipants who had an increase or no change, five had smoked
light cigarettes during the baseline smoking of their usual ciga-
rette brand.

Carbon monoxide. We measured mean carbon monoxide
levels for the entire group of 38 smokers under different treat-
ment and visit conditions (Fig. 3C). No statistically significant
difference was observed between treatment groups on baseline
measurements (P = .92). However, statistically significant visit
effects were observed for the nicotine patch group (P<<.001),
with carbon monoxide levels decreasing sharply from baseline
to week 1 and remaining at a low level through week 4. Visit
effects were not statistically significant for the OMNI cigarette
group (P = .54). The treatment effect was statistically signifi-
cant (P<<.001), with the overall mean carbon monoxide level of
the OMNI cigarette group (24.2 ppm) statistically significantly
higher than that of the nicotine patch group (7.4 ppm; mean
difference = 16.8 ppm, 95% CI = 13.0 to 20.6). Similar results
were observed for those participants in the nicotine patch group
for whom we had verification that no tobacco was used based on
anatabine levels. The mean percent reduction in carbon monox-
ide levels from baseline to week 4 was —1% (95% ClI = —15%
to 12%) for the OMNI cigarette group and 85% (95% Cl = 78%
t0 92%) and 91% (95% Cl = 88% to 94%) for the nicotine patch
group, without and with verification of patch-only use based on
anatabine levels, respectively. Among the 22 participants in the
OMNI cigarette group, eight had a greater than 10% decrease in
carbon monoxide levels, five had less than a 10% decrease in
carbon monoxide, eight experienced increases in carbon mon-
oxide levels (percent increase ranged from 5% to 91%), and one
participant had a missing value.

DiscussioN

The goals of this study were to examine human exposure to
tobacco-related toxins in modified smokeless tobacco and ciga
rettes compared with that from medicinal nicotine. The principal
results showed a statistically significant reduction in carcinogen
uptake when users of smokeless tobacco switched from conven-
tional brands of smokeless tobacco marketed in the United
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Fig. 3. Levels of 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol and its glucuro-
nide (total NNAL) (A) and 1-hydroxypyrene (1-HOP) (B) were measured in the
urine and alveolar carbon monoxide (CO) (C) of cigarette smokers assigned to
the nicotine patch or OMNI cigarette groups at baseline and twice during the
4-week treatment period. Data are expressed as picomoles of total NNAL or
1-HOP per milligram of creatinine. Each point represents the group mean (with
95% confidence intervals in parentheses). For participants in the nicotine patch
group, data were analyzed for al participants (n = 16, triangles and long-
dashed line) and for participants for whom levels of anatabine (an alkaloid
present in tobacco but not in medicinal nicotine and thus a marker of study
compliance) were below a level indicating tobacco use (n = 12, circles and
short-dashed line). Square marker and solid line = OMNI cigarette group
(n = 22).
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States to Swedish snus. Modest and statistically significant or
minimal reductions in uptake in tobacco toxins were observed
when smokers switched from their usual conventional cigarette
brand to OMNI cigarettes. Statistically significantly greater re-
ductions in toxins occurred with the use of medicina nicotine
compared with either of these two products.

The results of this study lead to four major conclusions. First,
tobacco products are available that can statistically significantly
reduce exposure to carcinogens. In particular, we found that
users of Swedish snus, a smokeless tobacco product, had lower
exposure to the carcinogen NNK than did users of smokeless
tobacco products sold in the United States. In those who used
snus for 4 weeks, total NNAL levels (biomarkers of NNK
uptake) were decreased by approximately 50% relative to levels
obtained during 2 weeks of ad libitum use of widely used brands
of smokeless tobacco products in the United States. This de-
crease in total NNAL levels was not a result of decreased
smokeless tobacco use because study participants used similar
amounts of snus and, by the end of treatment, had similar
cotinine levels as they had during use of their usual smokeless
tobacco product.

Using the Swedish smokeless tobacco product rather than the
smokeless tobacco products marketed in the United States may
not only reduce carcinogen exposure but also may decrease
cancer risk. The prevalence of oral cancer among individuals
who use Swedish snus is no higher than that among individuals
who do not use tobacco products (31-33). By contrast, in the
United States, rates of oral cancer are higher among individuals
who use oral smokeless tobacco products than that among indi-
viduals who do not use tobacco products (34—38). Although the
reasons for these differences are not fully understood, lower
levels of the carcinogenic nitrosamines in snus compared with
those in brands widely used in the United States may be a
contributing factor.

Our study has also shown that smoking OMNI cigarettes
results in lower uptake of NNK, abeit only 20% lower than that
from smoking conventional cigarettes sold in the United States.
Nonetheless, considering that NNK is among the most important
lung carcinogens in cigarette smoke, and given the magnitude of
the smoking and lung cancer problem, reductions in exposure to
this compound in cigarettes may have a public health impact,
provided that other toxin exposures and rates of smoking do not
increase by smoking OMNI cigarettes.

The second conclusion is that, even though the modified
tobacco products we examined reduced exposure to some to-
bacco toxins, these products still contain substantial levels of
carcinogens. Tobacco-specific nitrosamine levelsin snus are 100
times greater than nitrosamine levels in other consumer prod-
ucts, such as beer and food (8,9). Although users of snus do not
appear to have an increased risk of oral cancer, heavy smokeless
tobacco users (39) and oral snus users[ascited in (40)] may have
an increased risk of pancreatic cancer, which could likely result
from NNK exposure. Other health effects such as increased
incidence of ora pathologies, including gum recession and leu-
koplakia, increased cardiovascular disease risk factors, and po-
tentially increased incidence of fetal toxicity, are associated with
both snus and U.S. brands of smokeless tobacco (41-43). There-
fore, snus should not be considered a safe product, even with its
substantial reduction in tobacco-specific nitrosamines.

For smokers of OMNI cigarettes, carcinogen uptake was
reduced by approximately 20% for NNK and 5% for pyrene.
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Whether this modest reduction confers a reduced cancer risk is
unknown. The Web site for OMNI cigarettes, in fact, states that
there is no proof that a reduction in toxin levels will actually
result in a substantial decrease in the health risk associated with
smoking. Moreover, it is important to consider exposure to a
variety of toxins when assessing the effects of these cigarette
products. For example, the FTC method for assessing the
amount of toxin exposure indicates that there is a 170% increase
in nitric oxide exposure associated with OMNI cigarettes, which
may increase absorption of nicotine in the lungs (44) and could
consequently increase the uptake of nicotine in the brain. There-
fore, these modest reductions in toxins and increase in exposure
to other toxins may be unlikely to reduce the risk for cancer or
other tobacco-related diseases.

The third conclusion from this study is that information
provided to consumers on the OMNI Web site that indicated a
53% reduction in NNK exposure and a 15-20% reduction in
pyrene, as determined by the FTC analysis methods, is mislead-
ing and may not be directly applicable to the general smoking
population. The results from our study highlight the limitations
of machine-measured methods (i.e., FTC methods) and the im-
portance of examining actual human smoking behavior to de-
termine the extent of exposure (45,46). Furthermore, before
switching to products that claim to have reduced toxin levels,
smokers should consider the individua variability that occurs
with the extent of exposure to tobacco toxins. Variability can
arise from differences in how individuals smoke cigarettes and
how quickly they metabolize tobacco toxins (3). Therefore,
mean va ues from machine-determined methods of exposure do
not accurately reflect levels of toxin exposure in al smokers. As
we found in our study, athough some smokers of OMNI ciga
rettes had reduced toxin levels, others had increased levels.

The fourth conclusion is that use of the nicotine patch re-
sulted in substantially lower levels of NNK and pyrene uptake
than did use of snus and OMNI cigarettes. These results dem-
onstrate that use of medicinal nicotine therapy is a safer ap-
proach than switching to an alternative oral tobacco product or
modified cigarette. The observation of statistically significant
reductions in carcinogen levels is important to correct the mis-
perception among smokers that medicinal nicotine may be car-
cinogenic (47). Medicinal nicotine, compared with snus and the
OMNI cigarette, isless likely to lead to addiction, is not known
to cause cancer, is likely to be associated with relatively lower
cardiovascular diseaserisk, and reducesfetal toxicity (48). Com-
pared with cigarettes, medicinal nicotine does not increase the
incidence of pulmonary disease. Because the safety profile for
medicinal nicotine is better than that for conventional or modi-
fied tobacco products, the use of long-term medicinal nicotine
products is more likely to result in reduced disease risk.

Our study has severa limitations. First, it is difficult to
confirm whether individuals who were randomly assigned to the
snus or OMNI cigarette groups used conventional products
during the treatment period. The data from the nicotine patch
group showed that some individuals were not entirely truthful
regarding their tobacco use during the study. Consequently, we
undertook data analyses excluding subjects who self-reported a
specific level of exposure to a nonassigned product and a more
stringent data analysis of individuals in the medicinal nicotine
groups who, on the basis of anatabine levels, did not use any
tobacco products. Ideally, this study would have been an inpa-
tient study, in which access to tobacco products could be con-
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trolled. However, to have participants stay in an inpatient unit
for 4 weeks was not feasible. In addition, the dual use of
products may be more reflective of the pattern of use observed
in the natural environment. Second, our sample size was
small—a consequence of the number of individuals who expe-
rienced difficulty sustaining and using solely the assigned prod-
ucts. A small sample size may not accurately reflect the extent or
variability of reductions observed in the general population of
smokers.

The method of nicotine delivery by modified tobacco prod-
ucts and the types of these products are evolving. As such,
independent testing and government regulation of these tobacco
products is essential (3,49). The need for regulation of tobacco
products is particularly evident when products with nonexistent
levels of carcinogens and other tobacco toxins (i.e., medicina
nicotine) are under FDA regulation, whereas the products that
contain higher levels of carcinogens—and which are more likely
to lead to premature death and disease—are not. Regulation of
tobacco products would permit standards to be established for
allowable toxin levels of tobacco products. Furthermore, the
public would be accurately informed about the extent to which
they are exposed to tobacco toxins with the use of these prod-
ucts. It would also be important to assess the potential impact of
claims of reduced carcinogen and toxin exposure on public
perceptions of these products, which may influence the preva-
lence of tobacco use (3,50), before tobacco companies market
their products. The past experiences with the “light,” “ mild,” and
“low-yield” cigarettes, which did not reduce morbidity and
mortality as had been assumed and led to continued smoking
among some smokers rather than quitting (46), should alert the
public health community that consumers need to be better in-
formed about these new tobacco products before accepting them
as reduced-risk products.
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