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Smokeless tobacco (ST) products have the potential to be used as a harm reduction method for cigarette smokers.
These products can deliver significantly less toxicants than cigarettes, although they are not toxicant free nor
harmless. It is important to examine potential health risks and benefits of these products. These two small pilot
studies examined the effects of two different ST products (Exalt and Ariva) compared with medicinal nicotine,
another potential harm reduction product. Dependent, healthy adult cigarette smokers, who were motivated to quit
smoking, underwent 1 week of baseline smoking measurement. They were then asked to quit smoking and were
randomly assigned to use either an ST product or a medicinal nicotine lozenge (MNL, Commit) for 2 weeks, then
crossed over to use the other product for 2 weeks. In the last week, following the sampling phase, subjects could
choose the product they wished to use. Assessments were made repeatedly during baseline cigarette use and
throughout the 5 weeks of treatment. Outcome measures included biomarkers for tobacco exposure and subjective,
physiological, and behavioral responses. Tobacco-specific carcinogen uptake was greater from Exalt than from the
MNL, and was comparable between the MNL and Ariva. Physiological effects and subjective effects on
withdrawal and craving were comparable among Exalt, Ariva, and the MNL. Ariva was preferred over the MNL,
which was preferred over Exalt. With the exception of medicinal nicotine products, low-nitrosamine ST products
have the greatest potential to result in reduced toxicant exposure compared with other combustible reduced
exposure products and have promise for reducing individual risk for disease. However, the population effect of
marketing of such products as reduced exposure/reduced risk is unknown. The need for further research in this area
and regulation of tobacco products is evident.

Introduction

Although the prevalence of cigarette smoking in the

United States and other countries has declined, it

remains the leading preventable cause of death.

Despite convincing evidence that cigarette smoking

poses a serious and dangerous risk to health, some

smokers are still unable or unwilling to quit. These

so-called inveterate smokers or hard-core smokers

are the target of harm reduction strategies that

several tobacco control advocates, scientific research-

ers, and even tobacco companies have been propos-

ing. Although prevention and cessation should

remain the primary methods to reduce tobacco-

related health burden, the concept of harm reduction

has been gaining recognition as a potentially valid

component of a tobacco control and public health

strategy. For example, the U.S. Institute of Medicine

believes that harm reduction is a feasible and

justifiable public health policy if implemented with

a strong science base (Stratton, Shetty, Wallace, &

Bondurant, 2001). In addition, Canada’s Federal

Tobacco Control Strategy incorporated harm reduc-

tion as one of the mutually reinforcing components

in its efforts to control tobacco products and their

negative effects in society (Health Canada, 2005).

Given that the majority of smokers cannot quit, are

unwilling to quit, or are not ready to quit, it may be

as important to aim interventions at the reduction of
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adverse consequences, even with continued use of

tobacco or its constituents.

The rationale behind this concept of reducing

tobacco toxicant exposure is based on findings from

several studies showing that the risk of many

tobacco-related diseases and causes of premature

mortality are related to the amount of tobacco

toxicant exposure. For example, the American

Cancer Society Cancer Prevention Studies reported

that the risk of smoking-caused mortality is related

directly to tobacco smoke intake with the maximum

risk reduction achieved by complete cessation

(National Cancer Institute, 2001). Parallel results

from the Lung Health Study were observed:

Reductions in age-related decline in pulmonary

function and symptoms were associated with sus-

tained abstinence from cigarette smoking and, to a

lesser extent, intermittent abstinence (Anthonisen et

al., 1994; Gross, 1994; Kanner, Connett, Williams, &

Buist, 1999). Finally, data modeled from the Cancer

Prevention Study I of the American Cancer Society

to determine years of lives saved from reduced

cigarette exposure in smokers of 2 or more packs

per day illustrated that sustained significant reduc-

tion of exposure to tobacco toxicants can lower risk

for premature mortality and that the magnitude of

the benefit is related to the amount of reduction in

smoking and the age at which reduction occurs

(Burns, 1997).

Numerous methods and products have been

suggested for achieving tobacco harm reduction in

cigarette smokers. These include reduction in the

number of cigarettes smoked through use of beha-

vioral, pharmacological, and even environmental

methods (e.g., policies on smoking bans), and the

much debated use of potential reduced exposure

tobacco products (PREPs). PREPs include cigarette-

like delivery devices that produce less combustion

than traditional cigarettes (e.g., Eclipse, Accord);

modified tobacco products that are genetically

altered, cured, or sprayed with chemicals to reduce

carcinogens (e.g., Quest, Advance, Omni); use of

special filters to reduce toxicant levels (e.g.,

Marlboro UltraSmooth); and smokeless tobacco

(ST) products (e.g., Revel, Exalt, Ariva).

Of the various tobacco-containing PREPs, the

most likely to lead to significantly reduced toxicant

exposure are the ST products. Some public health

researchers reported that STs, particularly those with

lower nitrosamine contents than conventional U.S.

brands (e.g., Ariva and snus), are expected to be less

hazardous and harmful than smoking (Bates et al.,

2003; Tobacco Advisory Group of the Royal College

of Physicians, 2002), and that if smokers switched to

ST products, the health burden of tobacco use could

be reduced (Ault, Ekelund, Jackson, & Saba, 2004;

Levy et al., 2004; McNeill, 2004; Rodu & Cole,

2004). Tobacco companies have marketed some of

these products with claims such as ‘‘low-nitrosamine

smokeless products’’ or ‘‘reduced levels of harmful

toxicants’’ and have petitioned government regula-

tors to endorse these claims (U.S. Smokeless

Tobacco Company, 2003). To date, minimal data

have been collected to examine palatability, toxicant

exposure, and other effects of these products when

smokers switch to ST products.

We conducted two small pilot studies that focused

on the effects of STs on toxicant exposure, subjective

response, and product preference. The products

selected for the present study are the newer ST

products that have been marketed by tobacco

companies as alternatives to cigarettes when a

smoker is unable to smoke in certain situations. In

particular, we aimed to determine the effects of these

products on toxicant uptake, withdrawal, and self-

administration as compared with medicinal nicotine.

Method

Subjects

Smokers were recruited between January and

December 2004 from the local Minneapolis–St.

Paul metropolitan area via posted flyers, advertise-

ments in local and university newspapers, and

advertisements on the radio for a study that was

‘‘comparing new tobacco products and nicotine

replacement products.’’ Subjects who were interested

in quitting smoking were recruited. Potential parti-

cipants were asked to attend an orientation at which

the study was explained in detail. They provided

written informed consent and completed question-

naires about tobacco use history, the Fagerström

Test for Nicotine Dependence (FTND; Heatherton,

Koslowski, Frecker, & Fagerström, 1991), medical

history, and demographics. To be eligible to partici-

pate in the study, subjects had to be aged 18–65

years, in good physical and mental health as

confirmed by medical history, and have smoked at

least 15 cigarettes/day for a minimum of 1 year. In

addition, they could not currently be using other

types of tobacco products on a regular basis, or be

using any methods for cutting down on tobacco use.

Pregnant and breast-feeding women were excluded

from the study.

Study products

Study 1 involved participants using Exalt and the

medicinal nicotine lozenge (MNL), 4 mg Commit, in

a randomized order. Exalt was chosen because it is a

‘‘low-nitrosamine’’ moist snuff product contained in

tealike packets that do not require spitting and is

marketed in the United States with cigarette smokers
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as the target. Exalt is manufactured by Swedish

Match using a process known as the Gothia Tek

standard, which eliminates or reduces tobacco

toxicants. Commit is a nicotine-containing lozenge

that comes in either a 2- or 4-mg dose and is

manufactured by GlaxoSmithKline. Because the

method of administration is similar to that of moist

snuff and medicinal nicotine contains only nicotine

and no other toxicants, this product was considered

the best comparison product. Furthermore, both

products result in similar concentrations of nicotine

(Kotlyar et al., 2007). Study 2 involved participants

using Ariva and the MNL, also in a randomized

order. Ariva is manufactured by Star Scientific, and

is a mint-flavored, compressed low-nitrosamine

tobacco lozenge, about the size of a Tic-Tac breath

mint. Ariva dissolves in the mouth without the need

to spit. This product was chosen because it is

marketed in the United States to cigarette smokers

as a product to use when they cannot smoke

cigarettes and, of all the tobacco products, it contains

the lowest levels of TSNAs (Stepanov, Jensen,

Hatsukami, & Hecht, 2006). The level of nicotine in

this product is lower than the 4-mg Commit lozenge

(Kotlyar et al., 2007).

All products were provided to the subjects in their

original packaging. Subjects were informed that we

were comparing novel ST products intended for use

by smokers versus medicinal nicotine products. They

were further informed that the products were being

compared on levels of toxicant exposure, product

preference, and subjective responses such as with-

drawal relief. Subjects were asked to completely

substitute these products for smoking. To maximize

the use of the products, subjects were asked to use

them at least every 2 hr. For all the products, subjects

were told to tuck them between their cheek and gum,

which in the case of Ariva and the MNL would allow

them to dissolve. They were warned against chewing

or biting Ariva and the MNL like candy.

Procedure

The crossover design of these two sequential studies

is shown in Figure 1. Participants were asked to
smoke at their normal rate for a minimum of 1 week

prior to randomization. Baseline measurements were

assessed at two clinic visits (baselines 1 and 2) during

this period of ad lib smoking. At these two baseline

assessments, blood samples were collected for white

blood cell and hemoglobin counts. First-void urine

samples were obtained to assess biochemical markers

of nicotine and carcinogen exposure. At the end of
the baseline period, participants were randomly

assigned to one of the two study products for 2

weeks (period 1) and then crossed over to the other

product for 2 weeks (period 2). During this 4-week

sampling phase (visits 1–6), participants were

required to come for three clinical visits every 2

weeks (e.g., middle of the week for the first and

second weeks on the product and at the end of the
second week) to assess any adverse effects and to

evaluate their compliance with abstinence and use of

product. At the end of each 2-week period, blood and

urine samples were collected. During the fifth week

of study product use (visit 7), participants were given

a choice of self-administering whichever product they

preferred (Exalt vs. the MNL for Study 1; Ariva vs.

the MNL for Study 2). On all visits, participants’
carbon monoxide (CO) levels, heart rate, and blood

pressure were measured.

During product use, participants were asked to

complete subjective questionnaires to assess with-

drawal symptoms and to determine whether they

disliked or liked the study product that they were

currently using. Any possible adverse effects also

Figure 1. Experimental crossover study design involving a sampling phase consisting of two 2-week periods and a
1-week drug choice phase.
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were assessed, and the appropriate course of action

or treatment was provided if any were experienced.

In addition, brief tobacco cessation counseling was

given at each clinic visit, and study products were

distributed during these visits. Participants were

compensated US$390 for completing the study and

received a $110 bonus if they completed all of the

sessions and met all of the study requirements

(refrained from cigarette use during the 5-week

treatment period as verified by CO levels, provided

blood and breath samples, and used nicotine lozenge

or ST products as prescribed and indicated by self-

report). All procedures were approved by the

University of Minnesota Institutional Review

Board and were in accordance with an assurance

filed with and approved by the U.S. Department of

Health and Human Services.

Outcome measures

At each clinic visit, tobacco and nicotine use status

was determined by having participants complete a

tobacco use questionnaire that asked about any

tobacco use (i.e., ST and cigarette) since the last visit,

and by daily records of study product use (i.e., ST

and the MNL). Abstinence from cigarette use was

verified by breath CO levels of no more than 8 ppm.

Other outcome measures were collected at each visit

or during product use.

The Minnesota Nicotine Withdrawal Scale

(Hughes & Hatsukami, 1986, 1998) was used to rate

nicotine withdrawal symptoms (e.g., cigarette crav-

ing, irritability/anger, anxiety/tension, difficulty con-

centrating, restlessness, impatience, problems with

sleep, increased appetite, drowsiness, and depressed

mood) as 05not present, 15slight, 25mild, 35mod-

erate, or 45severe. The Drug Effects and Liking

Visual Analog Scale (Hasenfratz, Baldinger, &

Battig, 1993; Jaffe & Glaros, 1986; Kochhar &

Warburton, 1990; Pritchard, Robinson, Guy, Davis,

& Stiles, 1996), adapted from previous research, was

used to allow subjects to describe their liking and

desire of the study product; any, good or bad effects

from the study product; and effectiveness of the

product. Subjects indicated their liking on a 100-mm

visual analog scale ranging from not at all to

extremely. Physiological measures such as sitting

heart rate and blood pressure were obtained using

Dinamap (Critikon, Inc., Tampa, Florida).

At the two baseline visits and the visits after which

the patients had used the assigned product for 2

weeks (visits 3 and 6), the following additional

measures were collected: (a) urine samples to analyze

total cotinine, and total 4-(methylnitrosamino)-1-(3-

pyridyl)-1-butanol (NNAL), each being the sum of

the free and glucuronidated forms (Hecht, 1998) and

(b) blood samples to measure white blood cells and

hemoglobin levels, which are nonspecific biomarkers

related to tobacco use (Eliasson, Lundblad, & Hagg,

1991; Hatsukami et al., 2005; Parry et al., 1997;

Sunyer et al., 1996).

Urinary total nicotine and cotinine levels were

determined by gas chromatography/mass spectro-

metry as described previously (Hecht et al., 1999).

Analysis for total NNAL, a urinary metabolite of the

tobacco-specific lung carcinogen 4-(methylnitrosa-

mino)-l-(3-pyridyl)-l-butanone (NNK), was carried

out as described elsewhere (Carmella, Han, Fristad,

Yang, & Hecht, 2003). All urinary levels were

creatinine adjusted to correct for urine volume.

Data analyses

In each crossover study, we compared baseline

characteristics, including demographics, smoking his-

tory, and FTND score, between two sequence groups,

using the Wilcoxon’s rank sum test or Fisher’s exact

test, for homogeneity related to randomization.

Amount of product use was measured daily through

the whole study. Total cotinine, total NNAL, white

blood cells, and hemoglobin were measured at base-

lines 1 and 2 and at visits 3 and 6. Carbon monoxide,

blood pressure, and heart rate were measured at all

visits, including the two baseline visits and visits 1–7,

where visit 7 occurred in the choice week. Drug effect

and liking was measured at visits 1–7. For the above-

mentioned outcomes, the data during the sampling

period (visits 1–6) were analyzed using the general

linear mixed models for 262 crossover design to

evaluate the sequence, visit, and product effects.

Because of the skewness of the distributions and

the large variations of the data, general linear mixed

models for total cotinine and total NNAL were

conducted on their natural log scale. Geometric

means and 95% confidence intervals of total cotinine

and total NNAL in the original scale were calculated

using Cox’s method (Zhou & Gao, 1997). In

addition, for total cotinine, total NNAL, and CO,

baseline data were averaged and compared with

those from visits 3 and 6, separately, within each

sequence group using the Wilcoxon’s signed-rank

test. Withdrawal symptoms and craving were mea-

sured at all nine time points, but the analyses were

focused on period 1. For these outcomes, repeated-

measures analyses were conducted to test product,

visit (including averaged baseline, visits 1 and 2) and

product6visit interaction effects. Product preference

during choice week was measured. Summary statis-

tics were calculated for the percentage of the amount

of each product used. SAS version 9.1 was used for

statistical analyses. All the tests were two sided with a

significance level of .05.

For the analyses, participants were required to

have a CO level of no more than 8 ppm while they
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were assigned to the products. One subject in the

Ariva versus MNL study had a CO level of 37 ppm at

visit 6 when using the MNL; therefore, the visit 6

CO, total cotinine, and total NNAL values for this

subject were excluded from the analyses. Subjects

who had a few slips were allowed in the analyses if

they had CO levels of greater than 9 ppm but no

more than 15 ppm. Three subjects from the Exalt

versus MNL study and five subjects from the Ariva

versus MNL study had levels in this range among

one or two of the six sampling visits. When analyses

were conducted on subjects with and without slips

for the biomarkers of exposure and symptoms of

withdrawal and craving, we observed no differences

in the results. Therefore, we included participants

with slips in reporting the results.

Results

Study 1: Exalt versus MNL study

Demographics and smoking history. The visit flow-

chart is shown in Figure 2A. Biochemical (i.e., total

cotinine and total NNAL) and subjective outcome

measures were analyzed from participants who were

randomized. Data analysis for product preference

during choice week was conducted on participants

who completed the study.

Baseline measurements showed no significant

difference in participant demographics, most mea-

sures of tobacco use history, and FTND scores

between the two sequence groups (Table 1). The only

exception was type of cigarette. Most participants in

the MNL–Exalt sequence group smoked light cigar-

ettes, but this was not the case for the Exalt–MNL

group (p5.03). Dropout rates between sequence

groups were not significantly different (p5.72).

Amount of product use. We found no significant

difference in the amount of product use between the

two sequence groups (p5.41) and between the two

products, Exalt versus the MNL (p5.94). However,

the amount of product use was significantly greater

during period 1 than during period 2 (p5.0002). The

mean number (SD) of products used per day in the

Exalt to MNL group was 6.5 (1.1) for period 1 and

Figure 2. Participant visit flowchart for the Exalt vs. medicinal nicotine lozenge (MNL) study (2A) and the Ariva vs. MNL
study (2B).
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5.7 (1.3) for period 2. The mean number (SD) of

products used per day in the MNL to Exalt group

was 6.8 (1.4) for period 1, and 5.9 (1.2) for period 2.

Carbon monoxide, total cotinine, and total NNAL. No

significant sequence effects were observed for carbon

monoxide, total cotinine, or total NNAL (p

values>.15). Visit and product effects are shown in

Figure 3. Significant reductions in CO levels were

observed from baseline measures during ad lib

smoking to the end of periods 1 and 2 of product

use within each group (p values,.0001). No signifi-

cant difference in CO levels between Exalt and the

MNL was observed (p5.99). Significant reductions in

total cotinine levels (nmol/mg creatinine) were

observed from baseline measures to the end of period

1 of product use (p5.003 for the MNL–Exalt group

and p,.0001 for the Exalt–MNL group) and to the

end of period 2 of product use (p5.008 for the MNL–

Exalt group and p5.009 for the Exalt–MNL group).

No significant difference in total cotinine levels

between Exalt and the MNL was observed (p5.18).

Similarly significant reductions were observed in total

NNAL (pmol/mg creatinine) levels at the end of

periods 1 and 2 within each group (p,.05). Significant

product effects were observed (p,.0001), with sig-

nificantly higher total NNAL levels observed after

Exalt use than after MNL use.

Withdrawal symptoms and craving. Analyses of with-

drawal and craving scores were focused on period 1

when maximal withdrawal symptoms typically occur.

Significant visit effects were observed for total

withdrawal symptoms (p5.0002) and craving

(p5.01; Figure 4). For withdrawal symptoms, visits

1 (week 1 postquit) and 2 (week 2 postquit) scores

were significantly higher than the averaged baseline

(p5.0001 and p5.0007, respectively), but no differ-

ences were found between visits 1 and 2 (p5.64). For

craving, no significant difference was observed

between baseline and visit 1 (p5.69); however,

craving score was significantly higher at baseline

than at visit 2 (p5.02), and craving score was

significantly higher at visit 1 than at visit 2 (p5.01).

No significant differences in total withdrawal

(p5.53) and craving scores (p5.74) were found

between Exalt and MNL use. No significant visit6
product interaction effects were found (p5.79 for

total withdrawal, and p5.41 for craving).

Physiological effect on vital signs (blood pressure and

heart rate), white blood cell count, and hemoglobin

level. No significant sequence group, visit, or pro-

duct effects were found for systolic and diastolic

blood pressures, heart rate, white blood cell count, or

hemoglobin level (p values..05).

Drug effect and liking. Using a weekly administered

visual analog scale to rate drug effects and liking,

participants rated the MNL as significantly more

likeable (p,.0001), desirable (p5.04), and effective

(p,.0001), and as having more good effects (p5.004)

than Exalt.

Product preference during choice period. Of the 16

participants from the Exalt–MNL group, 6 (37.5%)

preferred using Exalt alone, 4 (25%) preferred using

the MNL alone, and 6 (37.5%) used both Exalt and

the MNL. The median percentage of the amount of

Exalt used was 71%. Of the 13 participants from the

MNL–Exalt group, 10 (77%) preferred using the

MNL alone, none (0%) used Exalt alone, and 3

(23%) used both Exalt and the MNL. The median

percentage of the amount of Exalt used was 0%.

Overall, among the 29 participants during the choice

week, 6 (21%) preferred using Exalt alone, 14 (48%)

preferred using the MNL alone, and 9 (31%) used

both Exalt and the MNL.

Table 1. Study 1 baseline characteristics and Fagerström
Test for Nicotine Dependence (FTND) scores.

Variable
Overall
(N539)

Sequence group

MNL-Exalt
(n519)

Exalt-MNL
(n520)

Demographics
Age, years; M (SD) 38.7 (12.0) 37.9 (12.1) 39.5 (12.1)

Mdn 37.0 36.0 43.0
Gender (n)

Male 18 8 10
Female 21 11 10

Ethnicity (n)
Black 3 0 3
Native American 1 0 1
Pacific Islander 0 0 0
Hispanic 1 1 0
White, non-Hispanic 34 18 16

Smoking history
Cigarettes/day; M (SD) 21.3 (5.1) 21.8 (6.0) 20.8 (4.3)

Mdn 20.0 20.0 20.0
Years at current rate; M

(SD)
15.4 (12.1) 16.6 (11.9) 14.4 (12.4)

Mdn 12.5 12.0 14.0
Type of cigarettes (n)a

Regular 13 3 10
Light 21 14 7
Ultralight 4 1 3

Age at first cigarette; M
(SD)

14.0 (3.3) 13.0 (3.1) 14.9 (3.4)

Mdn 14.0 13.0 16.0
Years as a daily smoker;

M (SD)
22.3 (12.3) 21.4 (12.4) 23.1 (12.5)

Mdn 20.0 18.0 28.0
Number of quit attempts;

M (SD)
7.9 (16.6) 11.9 (23.5) 4.4 (4.4)

Mdn 4.0 5.0 3.0
FTND score; M (SD) 5.9 (1.7) 5.6 (1.8) 6.1 (1.6)

Mdn 6.0 6.0 6.0

Note. M, mean; Mdn, median; SD, standard deviation. aOne
missing value in the MNL-Exalt sequence group.
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Figure 3. Mean carbon monoxide (CO) and geometric mean (95% confidence interval) total cotinine and total NNAL
concentrations over baseline and sampling phases between two sequence groups of Exalt and the medicinal nicotine
lozenge (MNL).
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Figure 4. Mean (95% confidence interval) total withdrawal symptoms and craving scores over baseline, visit 1, and
visit 2 between two sequence groups of Exalt and the medical nicotine lozenge (MNL).
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Study 2: Ariva versus MNL study

Demographics and smoking history. The visit flow-

chart is shown in Figure 2B. Baseline measurements

showed no significant difference in participant

demographics, tobacco use history, or FTND scores

between the two sequence groups (Table 2). Dropout

rates between sequence groups were not significantly

different (p51.00).

Amount of product use. We found no significant

difference in the amount of product use between the

two sequence groups (p5.57) or between the two

periods (p5.20). However, the amount of Ariva use

was significantly greater than MNL use (p,.0001).

The mean number (SD) for products used per day in

the Ariva to MNL group was 7.8 (1.4) for period 1

and 5.0 (0.6) for period 2. The mean number (SD) of

products used per day in the MNL to Ariva group

was 5.3 (0.6) for period 1 and 7.1 (2.1) for period 2.

Carbon monoxide, total cotinine, and total NNAL. We

found no significant sequence effects for carbon

monoxide, total cotinine, or total NNAL (p

values>.56). Visit and product effects are shown in

Figure 5. Significant reductions in CO levels were

observed from baseline measures during ad lib

smoking to the end of period 1 of product use within

each group (p5.002 for the MNL–Ariva group and

p5.001 for the Ariva–MNL group) and to the end of

period 2 of product use within each group (both p

values5.002). We observed no significant difference in

CO levels between Ariva and the MNL (p50.89). We

observed significant reductions in total cotinine levels

(nmol/mg creatinine) from baseline measures to the

end of period 1 of product use (p5.01 for the MNL–

Ariva group and p5.003 for the Ariva–MNL group)

and significant or near significant reductions at the

end of period 2 of product use (p5.06 for the MNL–

Ariva group, and p5.01 for the Ariva–MNL group).

We observed similarly significant reductions in total

NNAL (pmol/mg creatinine) levels at the end of

period 1 (both p values5.002) and significant or near

significant results at the end of period 2 (p5.08 for the

MNL–Ariva group, and p5.004 for the Ariva–MNL

group). No significant product differences were

observed for cotinine (p50.97) or total NNAL

(p5.19).

Withdrawal symptoms and craving. Significant visit

effects were observed for total withdrawal symptoms

(p,.0001) and craving (p5.03; Figure 6). For with-

drawal symptoms, visits 1 (week 1 postquit) and 2

(week 2 postquit) scores were significantly higher

than the averaged baseline (p,.0001, respectively),

but only near significant differences were found

between visits 1 and 2 (p5.09). For craving, no

significant differences were observed between base-

line and visit 1 (p5.27) or between visits 1 and 2

(p5.11); however, craving score was significantly

higher at baseline than at visit 2 (p5.01). We found

no significant differences in total withdrawal (p5.94)

and craving scores (p5.94) between Ariva and MNL

use, and no significant visit6product interaction

effects (p5.15 for total withdrawal and p5.34 for

craving).

Physiological effect on vital signs (blood pressure and

heart rate), white blood cell count, and hemoglobin

level. No significant sequence group or product

effects were found for systolic and diastolic blood

pressure, heart rate, white blood cell count, or

hemoglobin level (p values..05). No significant visit

effects were observed for heart rate, white blood cell

count, or hemoglobin level (p values..05). However,

the period effects were significant for systolic (p5.02)

and diastolic blood pressure (p5.01), with partici-

pants having significantly higher blood pressures

during period 1 than during period 2.

Table 2. Study 2 baseline characteristics and Fagerström
Test for Nicotine Dependence (FTND) scores.

Variable
Overall
(N526)

Sequence group

MNL-Ariva
(n512)

Ariva-MNL
(n514)

Demographics
Age, years; M (SD) 35.7 (11.2) 36.4 (10.5) 35.1 (12.1)

Mdn 33.5 33.5 32.5
Gender (n)

Male 10 6 4
Female 16 6 10

Ethnicity (n)
Black 7 4 3
Native American 0 0 0
Pacific Islander 0 0 0
Hispanic 1 0 1
White non-Hispanic 18 8 10

Smoking history
Cigarettes/day; M (SD) 20.9 (4.5) 20.0 (3.1) 21.7 (5.5)

Mdn 20.0 20.0 20.0
Years at current rate; M

(SD)
10.3 (9.6) 12.5 (10.4) 8.4 (8.9)

Mdn 8.0 10.0 3.5
Type of cigarettes (n)a

Regular 10 7 3
Light 11 4 7
Ultralight 4 1 3
Age at first cigarette; M

(SD)
16.3 (11.6) 13.4 (1.8) 18.9 (15.6)

Mdn 13.5 13.0 14.0
Years as a daily smoker;

M (SD)
17.8 (10.8) 18.9 (10.5) 16.8 (11.4)

Mdn 17.5 18.0 16.5
Number of quit attempts;

M (SD)
3.8 (2.7) 3.3 (2.5) 4.1 (2.9)

Mdn 3.0 3.0 3.0
FTND score; M (SD) 6.0 (1.5) 6.2 (1.9) 5.8 (1.1)

Mdn 6.0 6.0 6.0

Note. M, mean; Mdn, median; SD, standard deviation. aOne
missing value in the Ariva-MNL sequence group.
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Figure 5. Mean carbon monoxide (CO) and geometric mean (95% confidence interval) total cotinine and total NNAL
concentrations over baseline and sampling phases between two sequence groups of Ariva and the medicinal nicotine
lozenge (MNL).
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Drug effect and liking. Participants reported no

significant differences between Ariva and the MNL

in terms of its likeability (p5.11) and effectiveness

(p5.45), although Ariva was rated as significantly

more desirable (p5.02). Near significant differences

were found in terms of bad effects (p5.07) experi-

enced from Ariva versus MNL use, with higher

scores on bad effects with the MNL.

Product preference during choice week. Of the 11

participants from the Ariva–MNL group, 7 (64%)

preferred using Ariva alone, 1 (9%) used the MNL

alone, and 3 (27%) used both Ariva and the MNL.

The median percentage of the amount of Ariva

used was 100%. Of the 9 participants from the

MNL–Ariva group, 3 (33%) preferred using Ariva

alone, 2 (22%) preferred using the MNL alone, and 4

(45%) used both Ariva and the MNL. The median

percentage of the amount of Ariva used was 91%.

Overall, among the 20 participants during the choice

week, 10 (50%) preferred using Ariva alone, 3 (15%)

preferred using the MNL alone, and 7 (35%) used
both Ariva and the MNL.

Discussion

These pilot studies examined human tobacco tox-

icant exposure and physiological and subjective

responses to two forms of low-nitrosamine ST

products compared with medicinal nicotine, as well

Figure 6. Mean (95% confidence interval) total withdrawal symptoms and craving scores over baseline, visit 1, and
visit 2 between two sequence groups of Ariva and the medical nicotine lozenge (MNL).
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as the behavioral preferences for these products. The

studies had several limitations, including a small

sample size and study participants who might not be

entirely representative of the general population of

smokers interested in using these products. The small

sample size probably accounted for the wide

confidence intervals observed for some of the

cotinine values in the Exalt versus MNL study and

therefore for the differences in cotinine concentra-

tions observed across studies. As observed in

Figure 3B, the geometric mean cotinine from the

MNL–Exalt group was greater and had a wider 95%

confidence interval than that from the Exalt–MNL

group at period 1. Also, at period 2, the geometric

means for cotinine from both sequence groups were

high and had wide 95% confidence intervals. These

results were related to large variations in cotinine

concentrations. At period 1, two participants from

the MNL–Exalt group had urinary cotinine concen-

trations between 40 and 46 nmol/mg creatinine,

whereas only one high concentration (29 nmol/mg

creatinine) was observed in the Exalt–MNL group.

At period 2, both sequence groups had high cotinine

concentrations. In the MNL–Exalt group, one

participant had a cotinine level of 117 nmol/mg

creatinine, and in the Exalt–MNL group, one

participant had a cotinine level of 90 nmol/mg

creatinine. These values were not excluded from the

analyses because of the randomized study design, but

instead we conducted a general linear mixed model

analysis of total cotinine and total NNAL on natural

log scales to avoid the problems that large variations

in raw data may cause for the study results. For

purposes of verification, we reanalyzed the data—

excluding the outliers—and found no conceptual

changes in the results. Notably, none of the

individuals who were outliers had CO levels greater

than 9 ppm, and total NNAL levels were consistent

with values observed for the other subjects.

Other limitations include having examined only

two brands of ST and one type of medicinal nicotine.

Thus results cannot be generalized to all ST products

or medicinal nicotine products. Furthermore, the

study design does not reflect how these products may

be used in a real-world setting. The ST products

targeted toward smokers are currently marketed to

be used in situations where smokers cannot smoke or

as an alternative to smoking. It is possible that few

smokers will completely switch to these ST products.

Smokers may instead engage in both smoking and ST

use, using ST primarily in places where smoking bans

are instituted. The exposure associated with dual use

of tobacco products may be greater than that

associated with the use of a single product.

With these caveats in mind, we observed four

interesting results. First, there was generally a

significant decrease in total cotinine levels and

carcinogen uptake when smokers switched to Exalt,

Ariva, or the MNL. Exalt use produced higher

carcinogen uptake compared with MNL use, but

Ariva produced no differences compared with the

MNL. We found no significant differences in total

cotinine levels between Exalt or Ariva when com-

pared with the MNL. Second, neither oral ST

product differed from the MNL in changes in

cravings or withdrawal symptoms. Third, the phy-

siological effects of the oral ST products on vitals

signs (i.e., blood pressure and heart rate), white

blood cell count, and hemoglobin level were not

significantly different from those associated with the

MNL. Fourth, given the choice of which product to

use, participants used the MNL more than Exalt but

less than Ariva.

These results lead us to three suggestions. First,

tobacco products such as Exalt have nicotine yields

that are purportedly comparable with those of the

MNL, which can significantly reduce exposure to

NNK. In particular, we found that when smokers

switched to either Exalt or Ariva, total NNAL levels

were decreased by approximately 55% (Exalt) and

70% (Ariva) compared with levels obtained during

1 week of baseline smoking. Interestingly, total

NNAL levels in subjects who used Ariva, although

higher, were not significantly different from those in

subjects who used the MNL, whereas total NNAL

levels in subjects who used Exalt were significantly

higher, as expected, than those in subjects who used

the MNL. These results corroborate data collected

by Stepanov et al. (2006) showing the MNL to have

nondetectable levels of NNK, the parent compound

of NNAL, whereas Exalt and Ariva have 0.24 mg/g

product and 0.037 mg/g product, respectively.

These findings make it difficult to ignore the

potential of some ST products, specifically Ariva, to

reduce exposure to tobacco-specific nitrosamines,

particularly NNK, which has been established as a

potent lung carcinogen (Hecht et al., 2004; Hurt et

al., 2000) and suggested to be a possible contributing

factor in the development of oral cancer associated

with tobacco use (Hatsukami, Lemmonds, & Tomar,

2004). This important finding requires further

investigation so that tobacco users who are unable

or unwilling to quit but are looking for methods to

reduce exposure to the harmful toxicants in tobacco

can receive accurate information about their reduc-

tion options. It is already evident that ST use is less

hazardous to health than is cigarette smoking (e.g.,

Hatsukami, Lemmonds, & Tomar, 2004; Rodu &

Cole, 2004), and some public health researchers have

advocated ST use as a harm reduction approach

(e.g., Foulds, Ramstrom, Burke, & Fagerström,

2003; Rodu & Cole, 2004). However, ST use is not

without harm and, depending on the product, can

result in increased risk of oral and pancreatic cancer
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and fetal toxicity (Hatsukami, Lemmonds, & Tomar,

2004; International Agency for Research on Cancer,

in press). Furthermore, medicinal nicotine products,

which are strictly regulated by the U.S. Food and

Drug Administration (FDA), have a known safety

and toxicity profile. By contrast, tobacco products

are not under the jurisdiction of a regulatory agency

and do not need to undergo rigorous safety testing,

disclosure of ingredients or toxicants, or human

testing. Although Ariva use led to levels of total

NNAL and cotinine that were similar to those

associated with MNL use, consumers remain una-

ware of other potential toxicants in the product that

have not been carefully monitored by an independent

agency. That is, besides NNK, exposures to other

tobacco-specific nitrosamines (i.e., NNN), polycyclic

aromatic hydrocarbons (e.g., benzo[a]pyrene), and

metals have not been assessed (Hecht, 1999).

Our second main conclusion is that a need exists

for a regulatory body to oversee tobacco products.

The products tested in the two studies have

significantly less toxicants than the most popular

conventional oral ST products marketed in the

United States, such as Skoal and Copenhagen.

These popular brands have significant levels of

toxicants, even compared with cigarettes. For exam-

ple, the total tobacco-specific nitrosamine (TSNA)

level in Copenhagen long cut is 7.5 mg/g product and

in Marlboro full-flavor cigarettes is 6.3 mg/g product

(Stepanov et al., 2006). In another study involving

ST users, the level of total NNAL achieved by using

these popular ST brands was 3.2 pmol/ml creatinine

(Hatsukami, Lemmonds, Zhang et al., 2004), com-

pared with 0.98–1.58 pmol/ml creatinine observed in

the smokers while smoking. Of even greater concern,

some of the ST products used in countries such as

India and Sudan have levels that far exceed those

found in the popular conventional brands sold in the

United States (Idris et al., 1998; Stepanov, Hecht,

Ramakrishnan, & Gupta, 2005). For example,

toombak, a product sold in Sudan, has TSNA levels

that are thousands of micrograms per gram dry

weight (Idris et al., 1998). If these products were

overseen by a regulatory body, consumers would

potentially be informed about the relative levels of

toxicant exposure across different products and

across brands so that they would not be misled into

believing that all ST products have significantly low

toxicant levels. The results from the present study

further emphasize that ST products are available that

have significantly lower total TSNA levels, and

consequently lower uptake of total NNAL—com-

pared with conventional U.S. brands and products

sold in other countries. This raises the need for

performance standards, as proposed in the World

Health Organization Framework Convention for

Tobacco Control, Article 9 (www.who.int/tobacco/

framework/en/), which would include the reduction

of toxicant levels of all tobacco products. This

reduction would be particularly important in devel-

oping countries with products that have extremely

high toxicant levels.

Our third main conclusion is based on the product

preferences of the study subjects. More palatable

medicinal nicotine products, the least toxic of the

nicotine-containing products, need to be developed

by pharmaceutical companies and considered for

approval by the FDA, to compete with the more

user-friendly tobacco-containing products. Several

authors have discussed the unpalatable taste of

medicinal nicotine products as being a major

deterrent to compliance with recommended dosing

regimens (e.g., Jarvik & Henningfield, 1993; Rose,

1996), resulting in undermedication (Fortmann,

Killen, Telch, & Newman, 1988; Henningfield &

Stitzer, 1991; Rose, 1996). If existing medicinal

nicotine products remain less palatable than the

non-FDA-controlled and more palatable tobacco

products, consumers will likely prefer using these ST

products to reduce their tobacco toxicant exposure,

particularly when ST products lead to similar

reductions in tobacco withdrawal symptoms and

craving.

Palatability is not the only issue. Cost per unit

package of ST products is far lower compared with

medicinal products. Thus, even with improved

palatability of medicinal nicotine products, smokers

may tend to use ST products because of cost.

Packaging medicinal nicotine products in smaller

units at lower price may encourage more smokers to

try these products. ‘‘Leveling the playing field’’

between tobacco products and medicinal nicotine

products through regulation may result in greater

availability and access to the safest products for the

consumer (Henningfield & Slade, 1998; Slade &

Henningfield, 1998). However, it is important to

remember that medicinal nicotine is not a safe

product and can result in fetal toxicity and increased

risk factors for cardiovascular disease (Benowitz,

1999); therefore, the ultimate goal should remain

cessation of all nicotine-containing products.

In summary, results from the present study suggest

that a low-nitrosamine ST product has strong

potential as a harm reduction product and warrants

further investigation. Such products led to signifi-

cantly reduced levels of tobacco-specific nitrosamine

uptake compared with cigarettes. Furthermore, this

type of product is likely to have far greater potential

for harm reduction than some of the other PREPs,

such as combustible modified tobacco to reduce

toxicants and even perhaps cigarette-like delivery

devices (Hatsukami & Hecht, 2005). Among the

various brands of ST products sold in the United

States and other countries, a product such as Ariva
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has the greatest promise for harm reduction because

of its low nitrosamine level.

Results from the present study also reinforce the

importance of regulation of these tobacco products.

Regulation can require identification of toxicants

and human testing to determine the extent of

toxicant exposure for all tobacco products.

Regulation also could require examination of how

to market and communicate information about ST

products to consumers and the effects of the products

on the population as a whole to minimize negative

impacts on public health (e.g., greater initiation of

tobacco use, less cessation of tobacco use, higher

prevalence of dual use of tobacco products). Finally,

consideration should be given to how the safest

product, medicinal nicotine, can be packaged,

labeled, and made more palatable, so that this

product will be preferred over tobacco products that

contain more than nicotine.
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