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SUBJECT: PERIODIC REPORT for STN PM0000011 19 

20 
Dear Sir or Madam: 21 

Swedish Match USA, Inc. (“Swedish Match” or “we”) writes in regard to FDA’s Marketing Order 22 
PM0000011 for General Dry Mint Portion Original Mini (“PM0000011”), included below as Attachment 23 
A.2020-PM0000011.24 

Per requirements under section 910(f) of the FD&C Act, we are submitting a Postmarket Annual 25 
Report (“Report”) for PM0000011 beginning October 2016 so that FDA may determine whether continued 26 
marketing of the tobacco product is appropriate for the protection of public health or whether there are or 27 
may be grounds for withdrawing or temporarily suspending the Marketing Order. 28 

Periodic Report for the following tobacco product: 29 

STN PM0000011 

Tobacco Product Name General Dry Mint Portion Original Mini 

Applicant Swedish Match 

Date of Report 10/30/2020 

Reporting Period 10/1/2019 – 9/30/2020 

Marketing Order Status USA In market date is 4/6/2016 

Marketing Status Outside USA Commercially distributed in Sweden.  
No sales in EU member states. 
All other sales as governing law permits. 
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64 Swedish Match Reply to Section III. Periodic Reporting Information Request: 

The information requested in the Marketing Order, Periodic Reporting, is reproduced below in bold 65 
type followed by Swedish Match’s reply. 66 

III.1. A single submission with a cover letter that includes the following text in your subject line67 
68 
69 

PERIODIC REPORT FOR STN: PM0000011. The cover letter should include the STN and 
corresponding name, applicant name, date of report, reporting period, and marketing order 
status outside the United States. 70 

71 Swedish Match Reply to III.1. for PM0000011: 

Please see cover letter above. 72 

III.2. A summary of how the tobacco product continues to be appropriate for the protection of the73 
public health which includes: 74 

a. A status report of ongoing studies and a summary of completed studies about the75 
tobacco product conducted by, or on behalf of, the applicant; 76 

b. A summary of significant findings on publications not previously reported and include77 
full articles.  Any new scientific data (published or otherwise) should also be reported 78 
on the likelihood of product use by current users of tobacco products within the same 79 
tobacco product category, current users of tobacco products in other tobacco product 80 
categories, former users of any tobacco product, and youth and young adults; 81 

c. A summary of adverse experiences with this tobacco product reported to you, providing82 
a listing and analysis (accompanied by a statement of any changes to the reference risk 83 
information and a summary of important risks, including the nature, frequency, and 84 
potential risk factors) of all adverse experiences including those serious and unexpected 85 
adverse experiences reported previously. 86 

d. A summary of sales and distribution of the tobacco product:  Total U.S. sales reported in87 
dollars, units, and volume with breakdowns by US census region, major retail markets, 88 
and channels in which the product is sold (e.g., convenience stores, food and drug 89 
markets, big box retailers, internet/online sales, tobacco specialty shops); 90 

e. Data on current product users.  Data should be collected about new users, current91 
users, those who have switched tobacco products, and multiple product users.  The 92 
results should be broken down by key demographic variables including age, gender, and 93 
race/ethnicity.  Also, any change in the intended target market for the product should 94 
be reported.  The data described above may include sales data and post-marketing 95 
analysis. 96 

97 
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Swedish Match Reply to III.2.a. for PM0000011:98 

Swedish Match asserts this report for the period October 1, 2019 – September 30, 2020, contains 99 
appropriate scientific evidence and, to the extent possible, addresses the recommendations made by FDA 100 
in its June 1, 2018, correspondence.  The attached research reports, containing information as requested 101 
by FDA, allow for a complete and substantive review of PM0000011 and demonstrate that the tobacco 102 
product continues to be appropriate for the protection of public health. 103 

While this research did not include actual use behavior of snus users by demographic, we assert that 104 
data obtained from the recent PATH study may serve as a suitable surrogate for this actual use behavior.  In 105 
PATH Wave 1, among adults 18 and older (see Kasza et al., 2017: Table 21 for percentages of current use and 106 
95% confidence intervals), the prevalence of: 107 
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1 https://www.nejm.org/doi/full/10.1056/nejmsa1607538 
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134 

Swedish Match Reply to III.2.b. for PM0000011: 135 

Swedish Match is supplying a summary of publications not previously reported (see Table 2.b. 136 
below).  Full text articles are available in Attachment 2B.2020-PM0000011,PM0000012,PM0000014, 137 
PM0000016 and PM0000017.   Swedish Match conducted a literature search of PubMed and Google Scholar 138 
using “snus” and “snus 2019” and “snus 2020” to access a general outline of peer reviewed Swedish snus-139 
focused articles published in 2019 and 2020.  Criteria for labeling articles as “not relevant” included articles 140 
not in English, articles using only U.S. snus (e.g. Camel Snus), and articles only mentioning snus in passing 141 
while not using snus in its research design.  These “not relevant” articles are not attached. 142 

143 
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Table 2.b. Summary of publications not previously reported. 144 

Item# Publication Citation and Summary 

1. Araghi, M., Galanti, M.R., Lundberg, M., Liu, Z., Ye, W., Lager, A., Engström, G., Alfredsson, L., 
Knutsson, A., Norberg, M., Wennberg, P., Lagerros, Y.T., Bellocco, R., Pedersen, N.L., Östergren, 
P-O, & Magnusson, C., No association between moist oral snuff (snus) use and oral cancer: 
pooled analysis of nine prospective observational studies, Scandinavian Journal of Public 
Health, 1–8, retrieved from DOI: 10.1177/1403494820919572. 

• The study used pooled individual data from the Swedish Collaboration on Health Effects 
of Snus Use to assess the association between snus use and oral cancer in 418,369 male 
participants from nine cohort studies that were followed up for oral cancer incidence.   

• The study used 9,201,647 person-years of observation and found that 628 men 
developed oral cancer: when compared to never-snus use, ever-snus use was not 
associated with oral cancer (adjusted HR 0.90, 95% CI: 0.74, 1.09) and there were no 
clear trends in risk with duration or intensity of snus use, “although lower intensity use 
(⩽ 4 cans/week) was associated with a reduced risk (HR 0.65, 95% CI: 0.45, 0.94).”  Snus 
use was not associated with oral cancer among never smokers (HR 0.87, 95% CI: 0.57, 
1.32).  

• The study concluded that “Swedish snus use does not appear to be implicated in the 
development of oral cancer in men.” 

2. 
Meier, E., Lindgren, B.R., Anderson, A., Reisinger, S.A., Norton, K.J., Jensen, J., Strayer, L., Dick, 
L., Tang, M.,, Chen, M., Carmella, S.G., Hecht, S.S., Murphy, S.E., Yang, J., Stepanov, I., O’Connor, 
R.J., Shields, P.G., and Hatsukami, D.K. (2020): A Randomized Clinical Trial of Snus Examining the 
Effect of Complete Versus Partial Cigarette Substitution on Smoking-Related Behaviors, and 
Biomarkers of Exposure.  Nicotine & Tobacco Research, Volume 22, Issue 4, April 2020, Pages 
473–481, retrieved from https://doi.org/10.1093/ntr/ntz055. 

• 8-week multi-site study assessing whether instructions to switch to snus is more 
effective in reducing cigarette use than ad lib use of snus and cigarettes.  Smokers 
“reported greater reductions in cigarettes per day (ps < .001), using more snus pouches 
per day (p = .02), and more smoke-free days (CS median = 14.5, PS and UB medians = 
0, p < .001). In addition, results demonstrated reductions in carbon monoxide (p < .001), 
total nicotine equivalents (p = .02), and four out of five measured volatile organic 
compounds (ps < .01) over time among the CS group.” 

• They concluded that instructions to completely switch from cigarettes to snus resulted 
in the greatest reduction in cigarette use and exposure to harmful constituents. 

3. Pillitteri, J.L., Shiffman, S., Sembower, M.A., Polster, M.R., and Curtin, G.M. (2020): Assessing 
comprehension and perceptions of modified-risk information for snus among adult current 
cigarette smokers, former tobacco users, and never tobacco users, Addictive Behaviors Reports 
Volume 11, June 2020, 100254, retrieved from https://doi.org/10.1016/j.abrep.2020.100254 
 

• Study assessed comprehension and perceptions of modified-risk information regarding 
snus in 3,922 adult cigarette smokers, former tobacco users, and never tobacco users.  
Participants viewed an advertisement about switching completely to snus and then 
answered questions regarding the modified-risk information and perceived risks of snus 
relative to cigarettes and other smokeless tobacco products. 

• Results indicated that “most respondents…understood that snus presents less risk than 
cigarettes but is not completely safe…Majorities understood snus is addictive…, quitting 
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all tobacco is the best option for smokers…, and non-users of tobacco should not use 
snus.” 

• The study concluded that “the modified-risk information, conveying that snus presents
less risk than cigarettes but is not completely safe, was understood by majorities of
respondents. Differential risk beliefs across diseases suggest responses were shaped not
only by the modified-risk information, but also by intuitions and pre-existing beliefs
about tobacco products.”

4. Wackowski, O. A., O’Conner, R.J., and Pearson, J.L. (2020): Smokers’ Exposure to Perceived 
Modified Risk Claims for E-Cigarettes, Snus, and Smokeless Tobacco in the United States. 
Nicotine & Tobacco Research, ntaa159, retrieved from https://doi.org/10.1093/ntr/ntaa159. 

• Assessment of Wave 3 of the US-based Population Assessment of Tobacco and Health
(PATH) study question which asks smokers if they had seen any e-cigarettes, snus, or
other smokeless tobacco (SLT) products that claim to be “less harmful” in the past 12
months as well as their likelihood of using products with these claims in the next 30
days.

• Results indicate that significantly fewer smokers saw snus (5.1%) or other SLT (5.6%)
with “less harmful” claims compared with e-cigarettes (29.1%). The abstract states that
for “each product, the prevalence of MRTP claim exposure was higher among smokers
who perceived the product to be less harmful than smoking, who currently used the
product, and who had higher rates of tobacco advertising exposure at the point of sale.
Among smokers who noticed products with “less harmful” claims, about one-quarter
said they would use them in the future (24%–27%).”

145 

Swedish Match Reply to III.2.c. for PM0000011: 146 

Swedish Match did not receive any reports of serious or unexpected adverse experiences, as 147 
defined on page 3 of the Marketing Order for PM0000011, relative to this tobacco product for the 148 
reporting period October 1, 2019 – September 30, 2020.  There have been no changes to the reference risk 149 
information as was described in the PMTA. 150 

We are supplying a summary of consumer contacts (all other reported adverse experiences) 151 
relative to this tobacco product for the reporting period October 1, 2019 – September 30, 2020, in 152 
Attachment 2C.2020-PM0000011. 153 

Swedish Match Reply to III.2.d. for PM0000011: 154 

Swedish Match is supplying a summary of sales and distribution data for the reporting period 155 
October 1, 2019 – September 30, 2020, in Attachment 2D.2020-PM0000011. This information includes 156 
total U.S. sales reported in dollars and units (i.e., number of cans), and volume (i.e., net weight multiplied 157 
by units) with breakdowns by US census region and retail markets and channels in which the product is 158 
sold (e.g., convenience stores, food and drug markets, big box retailers). 159 

Swedish Match Reply to III.2.e. for PM0000011: 160 

Other than the research (provided above at III.2.a) and sales and distribution data (provided above 161 
at III.2.d.) supplied in attachments referenced above, there is no current product user data for the 162 
reporting period October 1, 2019 – September 30, 2020, for PM0000011.  Likewise, there has been no 163 
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change in the intended target market for this product for the reporting period October 1, 2019 – 164 
September 30, 2020. 165 

III.3. A description of each change made to the manufacturing, facilities or controls during the166 
reporting period, including: 167 

a. A comparison of each change to what was described in the PMTA;168 

b. The rationale for making each change; and169 

c. A certification that the reported change did not result in any modification (including a170 
change in design, any component, any part, or any constituent, including a smoke 171 
constituent, or in the content, delivery or form of nicotine, or any other additive or 172 
ingredient) of the tobacco product; the basis for concluding that each change did not 173 
result in any modification to the final product.  174 

Swedish Match Reply to III.3. for PM0000011: 175 

There has been no change to the manufacturing, facilities or controls during the reporting period 176 
October 1, 2019 – September 30, 2020, for PM0000011. 177 

III.4. A summary of all manufacturing deviations, including those associated with processing, testing,178 
packing, labeling, storage, holding and distribution and indicate a deviation that may affect the 179 
characteristics of the final product. 180 

Swedish Match Reply to III.4. for PM0000011: 181 

Swedish Match is supplying a summary of all manufacturing deviations, including those associated 182 
with processing, testing, packing, labeling, storage, holding and distribution and indicated any deviation(s) 183 
that may affect the characteristics of the final product for the reporting period October 1, 2019 – 184 
September 30, 2020, in Attachment 4A.2020-PM0000011.  This product had no manufacturing deviations 185 
for the reporting period October 1, 2019 – September 30, 2020. 186 

III.5. Full-color copies of all advertising for the tobacco product that has not been previously187 
submitted, along with the original date the advertisements were first disseminated and the date 188 
the advertisements were discontinued; and  189 

Swedish Match Reply to III.5. for PM0000011: 190 

Swedish Match is supplying full-color copies of all advertising for this tobacco product, for the 191 
reporting period October 1, 2019 – September 30, 2020, in Attachment 5A.2020-PM0000011,PM0000012, 192 
PM0000014,PM0000016 and PM0000017. First disseminated and discontinuation dates are indicated next 193 
to the advertisement. Advertisements are still in market unless a discontinuation date is indicated. 194 

III.6. In all annual reports, include a description of any or all labeling changes and submit revised full195 
color final printed labeling. 196 

a. The labeling should include all the panels, be presented in the actual size and color with197 
legible text. 198 

b. For the first annual report only, submit all final printed labeling (actual labeling for each199 
required warning distributed with the product); include labels, inserts/onserts, 200 
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instructions, and other accompanying information or materials for this product. 201 

Swedish Match Reply to III.6. for PM0000011: 202 

In conjunction with this Report for the period October 1, 2019 – September 30, 2020, we are 203 
supplying copies of the revised top and side label final print proofs which include dimensions, Pantone2 204 
color numbers, and legible text (see Attachment 6A.2020-PM0000011.) 205 

As this is the fifth annual report for this product, we are not required to submit actual physical 206 
labels for this product (as required in II.6.b., above). 207 

2 The Pantone Matching System (Pantone or PMS) is a standardized color reproduction system used in the printing industry for the faithful selection, 
articulation and reproduction of consistent, accurate color anywhere in the world. The tool organizes color standards through a proprietary 
numbering system. 
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MARKETING ORDER

via Certified Mail

FDA Submission Tracking Number (STN): PM0000011

Applicant:
Tobacco Product Name:1

Tobacco Product Category:
Tobacco Product Sub-Category:
Package Type:
Package Quantity:
Characterizing Flavor: 
Portion Count:
Portion Mass: 
Portion Length: 
Portion Width:
Portion Thickness:
Tobacco Cut Size:2

DEPARTMENT OF HEALTH & HUMAN SERVICES 

Attachment A.2020-PM0000011 (Page 1 of 7)
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RECORD RETENTION

o
o
o

o
o

o
o
o
o
o
o
o
o
o

POSTMARKET REPORTS

I. Serious and Unexpected Adverse Experiences Reporting

within 15 calendar days

SERIOUS UNEXPECTED ADVERSE EXPERIENCE REPORT for STN 
PM0000011

Attachment A.2020-PM0000011 (Page 2 of 7)

PM0000011 2020 PMTA Annual Report (Page 11 of 69)



II. Manufacturing Deviations 

III. Periodic Reporting 

PERIODIC REPORT for STN PM0000011

Attachment A.2020-PM0000011 (Page 3 of 7)
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Digitally signed by David Ashley -S 
Date: 2015.11.10 05:59:58 -05'00'
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Consumer Insights

CATEGORY: SNUS
BRAND:  GENERAL

2019 – 2020 Annual Report

1
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CONSUMER INSIGHTS

2
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Background

In 2012, 529,500 new cases of cancers of the oral 
cavity and pharynx, and more than 300,000 deaths 
were reported worldwide [1]. Oral cancers are pre-
dominantly squamous cell carcinomas of the lip or 
oral cavity. Its incidence varies greatly worldwide, 
with low rates in most Western countries while being 
among the most common cancers on the Indian 

subcontinent and in other parts of Asia [1]. Tobacco 
and alcohol consumption and human papillomavirus 
(HPV)-infections are established risk factors for oral 
cancer [2].

Smokeless tobacco is not burned and can be used 
orally or nasally. Oral smokeless-tobacco products 
are sucked or chewed. Snuff is a general term for 
finely cut or powdered, sometimes flavoured tobacco, 
which can be prepared as moist or dry snuff (this 

No association between moist oral snuff (snus) use and oral cancer: 
pooled analysis of nine prospective observational studies

Marzieh Araghi1 , Maria Rosaria Galanti1,2, Michael Lundberg1,  
Zhiwei Liu3, Weimin Ye3, Anton Lager1,2, Gunnar Engström4,  
Lars Alfredsson5, Anders Knutsson6, Margareta Norberg7,  
Patrik Wennberg8, Ylva Trolle Lagerros9,10, Rino Bellocco3,11,  
Nancy L. Pedersen3, Per-Olof Östergren12 & Cecilia Magnusson1,2

1Department of Public Health Sciences, Karolinska Institutet, Stockholm, Sweden, 2Centre for Epidemiology and 
Community Medicine, Stockholm Health Care District, Sweden, 3Department of Medical Epidemiology and Biostatistics, 
Karolinska Institutet, Sweden, 4Department of Clinical Sciences, Lund University, Sweden, 5Institute of Environmental 
Medicine, Karolinska Institutet, Sweden, 6Department of Health Sciences, Mid Sweden University, Sweden, 7Department 
of Public Health and Clinical Medicine, Umeå University, Sweden, 8Division of Family Medicine, Umeå University, 
Sweden, 9Clinical Epidemiology Unit, Karolinska Institutet, Sweden, 10Clinic of Endocrinology, Metabolism and Diabetes, 
Karolinska University Hospital Huddinge, Sweden, 11Department of Statistics and Quantitative Methods, University of 
Milano-Bicocca, Milan, Italy, and l2Social Medicine and Global Health, Lund University, Sweden

Abstract
Aims: Worldwide, smokeless-tobacco use is a major risk factor for oral cancer. Evidence regarding the particular association 
between Swedish snus use and oral cancer is, however, less clear. We used pooled individual data from the Swedish 
Collaboration on Health Effects of Snus Use to assess the association between snus use and oral cancer. Methods: A total 
of 418,369 male participants from nine cohort studies were followed up for oral cancer incidence through linkage to health 
registers. We used shared frailty models with random effects at the study level, to estimate hazard ratios (HRs) and 95% 
confidence intervals (CIs) adjusted for confounding factors. Results: During 9,201,647 person-years of observation, 628 
men developed oral cancer. Compared to never-snus use, ever-snus use was not associated with oral cancer (adjusted HR 
0.90, 95% CI: 0.74, 1.09). There were no clear trends in risk with duration or intensity of snus use, although lower intensity 
use (⩽ 4 cans/week) was associated with a reduced risk (HR 0.65, 95% CI: 0.45, 0.94). Snus use was not associated with 
oral cancer among never smokers (HR 0.87, 95% CI: 0.57, 1.32). Conclusions: Swedish snus use does not appear to 
be implicated in the development of oral cancer in men.

Keywords: Oral cancer, incidence, smokeless tobacco, snus
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latter can be inhaled through nasal passages) [3]. 
Smokeless-tobacco products contain nicotine and 
other alkaloids in addition to carcinogens such as 
nitrosamines, nitrosoamino acids, aldehydes and 
metals, but in varying doses depending, for example, 
on manufacturing methods and brands [3, 4]. 
Globally, a wide variety of different smokeless-
tobacco products are used. Chewing tobacco is com-
mon throughout much of Southeast Asia and the 
Western Pacific, while in Sweden moist oral snuff, 
also known as snus, is the main product used [3]. 
Because of this variation, the global interpretation of 
epidemiological studies on health effects of smoke-
less tobacco use is complicated.

Results from four meta-analyses [3, 5–7] indicates 
that any type of smokeless tobacco (chewing or snuff) 
is significantly associated with an increased risk of 
oral cancer in the USA and South Asia. The 
International Agency for Research on Cancer 
(IARC), in 2007, hence concluded that there is 
strong evidence that smokeless tobacco causes can-
cer of the oral cavity [8]. The relationship between 
use of the Swedish snus and oral cancer is, however, 
less clear [9–15].

In 2018, 18% of Swedish men and 4% of Swedish 
women and 25% of Norwegian men and 14% of 
Norwegian women, were daily snus users [16, 17]. 
Snus use has been proposed as a smoking cessation 
aid, thus, it is important to fully understand the con-
tribution of snus use to cancer incidence. The 
Swedish Collaboration on Health Effects of Snus 
Use (SCHESU) consists of a group of Swedish inves-
tigators, who have conducted prospective studies 
where data on snus use has been collected. The 
SCHESU has previously investigated the impact of 
snus use on multiple health outcomes such as pan-
creatic cancer [18], colorectal cancer [19], diabetes 
[20] and Parkinson’s disease [21]. The present 
SCHESU involves data from nine Swedish cohort 
studies [9, 22–29], of which only one [9] had pub-
lished data on snus use and oral cancer. We here take 
advantage of this large pooling project to investigate 
the impact of snus use on oral-cancer risk.

Materials and method

Contributing studies and data collection

We used data from nine prospective cohort studies, 
including participants of varying ages, recruited at 
different time periods from diverse geographic 
regions across Sweden. Exclusion criteria were age 
less than 18 years, missing information on body mass 
index (BMI) or tobacco, or being diagnosed with oral 
cancer, or death prior to study enrolment. Of the 

included studies, five were population-based [22, 23, 
26–28], two were occupational cohorts [9, 29], one 
included participants in a charity-walk [24], and one 
was a twin study [25].The cohorts are described in 
detail in Table I. Details on study design and data 
collection procedures of the individual studies have 
been reported elsewhere [9, 22–29]. Since snus use is 
rare in women, the study was restricted to men [16].

Information on tobacco use was collected at base-
line using self-administrated questionnaires in seven 
studies [22–24, 26–29] and by a structured phone 
interview and personal interviews by nurses in two 
studies [9, 25]. All studies contributed information 
on current snus use and seven [9, 23–25, 27–29] on 
former snus use while amount and duration of snus 
use was available from seven [9, 22–25, 28, 29] and 
six studies [9, 23–25, 28, 29], respectively. Detailed 
information on snus use assessment across studies 
has been summarized in Table II. Information on 
height and weight, whether it was self-reported or 
measured by health professionals, was collected in all 
studies. Moreover, information on educational level 
and alcohol consumption was available and retrieved 
from all studies, except one [9]. Each cohort member 
contributed person-time from the date of entering 
into the study until the date of oral cancer diagnosis, 
death, or the end of the study, whichever came first. 
The Swedish National Cancer Register, established 
in 1958 and shown to be 98% complete, has coded 
malignant tumours according to the seventh revision 
of International Classification of Diseases (ICD7) 
[30]. In this study, we used the ICD7 codes 140, 141, 
143 and 144 to identify incident cases of oral cancer 
(not including cancers of the salivary glands, phar-
ynx, or larynx). Linkages were performed using the 
personal identity, a unique national identifier 
assigned to all Swedish residents. The specific studies 
were approved by their respective regional ethical 
vetting boards, and approval for the pooling project 
was granted by the Stockholm Regional Ethical 
Review Board (registration number 2009/971-31/3).

Statistical analyses

Smoking and snus use were categorized into never, 
former and current use (where non-current snus use 
was treated as never-use in the studies that did not 
have information on former snus use). These data 
were collected at baseline and no follow-up data on 
tobacco-use habits were available. Snus use (exclud-
ing former use) was further, where possible (see also 
Table II), categorized according to amount consumed 
per week (⩽ 4 cans, 5–6 cans, ⩾ 7 cans) and duration 
(⩽ 4 years, 5–9 years, 10–14 years, 15-19 years, ⩾ 20 
years) of use. Such information for smoking status 
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was not available. Never-users of snus constituted the 
reference group.

Shared frailty models (gamma distributed) with 
random effects at the study level were used to esti-
mate hazard ratios (HRs) with corresponding 95% 
confidence intervals (CIs) of oral cancer in relation 
to tobacco use, using time from baseline to end of 
follow-up as the time scale. The shared frailty model 
is an extension of the Cox proportional hazards 
model and accounts for between study correlation 
by incorporating shared random effects [31]. 
Participants were followed from baseline until index 
date of oral cancer diagnosis, date of death, or end 
of follow-up, whichever came first. In addition to 
the inherent adjustment for age, all models were 
adjusted for BMI, calculated as body weight in (kil-
ograms) by the height (in metres) squared and used 
as a continuous variable, and smoking (where pos-
sible, categorized as never, former or current smok-
ing) [32]. The underlying assumption of proportional 
hazards was tested using Schoenfeld’s global test. 
Stata statistical software (Version 13.1, Stata 
Corporation, and College Station, TX, USA) was 
used for all analyses.

We conducted a sensitivity analysis according to the 
following scenarios: (a) excluding the Construction 
Workers Cohort, since this cohort constituted 61.5% 
of the total sample size; (b) restriction to never smok-
ers, as an alternative approach to control for the poten-
tial confounding effect of tobacco smoking; (c) 
adjusting for alcohol consumption ((grams/week), 
low, medium and high (in tertiles)) [33] and educa-
tional level (⩽ 9 (compulsory), 10–11 (secondary or 
high school) and ⩾ 12 years (university or above) of 
education) [34] in the subset of studies where this 
information was available; (d) excluding cohorts [22, 
26] with no available information on former snus use, 
thus enabling correct classification of former snus use.

Results

After exclusions of 14,625 subjects, including those 
being under 18 years old (n = 6697), missing infor-
mation on BMI (n = 2125), missing information on 
tobacco variables (n = 5705), having a prior history 
of colorectal cancer (n = 87), or a death date before 
entry (n = 11), 418,369 men constituted the analyti-
cal sample yielding 9,201,647 person-years of obser-
vation (Figure 1). Characteristics of the participants 
from the various cohorts included in the collabora-
tion are shown in Table I. Period of recruitment and 
duration of follow-up ranged from 1978 to 2013 and 
from 5 to 35 years, respectively. The mean age at 
entry was 40 years (range 18–99). A total of 628 inci-
dent cases of oral cancer occurred during follow-up. 

At time of entry, 30% of study participants had ever 
used snus.

The main analyses including the full analytical 
sample, adjusting for smoking status and BMI did 
not support any association between ever-snus use 
and oral cancer (HR 0.90, 95% CI: 0.74, 1.09, com-
pares ever- to never-snus users). The current users of 
snus had a statistically non-significant 21% lower risk 
of oral cancer than the never users (HR 0.79, 95% 
CI: 0.63, 1.00). Additionally, there was no clear trend 
with duration; while lower intensity use (⩽ 4 cans/
week) was associated with a reduced risk (HR 0.65, 
95% CI: 0.45, 0.94) (Table III).

Sensitivity analyses

Table IV presents the results from sensitivity analy-
ses. Excluding the Construction Workers Cohort, the 
HR for oral cancer in current snus users was 0.79 
(95% CI: 0.46, 1.37) after adjustment for BMI and 
smoking status. Snus use was furthermore not associ-
ated with oral-cancer risk in analysis restricted to 
never smokers (HR 0.93, 95% CI: 0.59, 1.44). The 
results from other sensitivity analyses scenarios 
including adjustment for educational level and alco-
hol consumption, and excluding cohorts with no 
information on former snus use were generally simi-
lar to the overall findings.

Discussion

This large pooling project, including nine prospec-
tive cohort studies and 628 incident cases, does not 

Figure 1.  Derivation of the analytical sample.
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support the notion that use of Swedish snus increases 
the risk for oral cancer among men. Indeed, current 
users had a seemingly reduced such risk which, how-
ever, is difficult to interpret in light of lacking dose-
response relationships and biological rationale. Our 
results contrast convincing evidence of an increased 
risk of oral cancer with use of other types of oral 
smokeless tobacco, including those commonly used 
in the USA, India, Pakistan and Sudan, but are in 
line with most studies from the Nordic Countries.

In a previous report from the Swedish Construction 
Workers Cohort [9] from 279,897 male in 1978–
1992 with follow-up until 2004 with 248 cases of oral 
cancer, snus users had a relative risk of oral cancer of 
0.8 (95% CI: 0.4, 1.7) after restriction to never 
smokers. This result was replicated in the current 
study with complete follow-up until end of 2013 with 
total 475 cases of oral cancer during 35 years of fol-
low-up (HR 1.0, 95% CI: 0.6, 1.7). In a cohort study 
by Boffetta and colleagues [10], snus use was not 
associated with oral cancer (RR 1.10, 95% CI: 0.50, 
2.41) after adjusting for age and smoking. Similarly, 
two case-control studies by Rosenquist and col-
leagues [11] (odds ratio (OR) for ever-snus use 0.7, 
95% CI: 0.3, 1.3) and Schildt and colleagues [12] 
(OR for current snus use 0.7, 95% CI: 0.4, 1.2) 
found no increased risk for development of oral can-
cer associated with the use of Swedish snus.

In contrast, results from an additional Swedish 
cohort [13] showed an elevated risk for ever daily use 
of snus compared to never daily use of snus control-
ling for smoking (HR 3.1, 95% CI: 1.5, 6.6) based on 
11 exposed cases. Among never-smokers in the 
cohort, the HR for ever daily use of snus was 2.3 
(95% CI: 0.7, 8.3) [13]. In a another small Swedish 
study [14] among men with snus-induced lesions, a 
relative risk of 2.3 (95% CI: 0.5, 6.7) was reported in 
relation to snus use, but none of the cancers had 
developed at the site of the lesions. In a case-control 
study [15], the OR for cancers of the oral cavity, 
pharynx and oesophagus combined in relation to 
current snus use was 1.0 (95% CI: 0.7, 1.6). In the 
subgroup of never-smokers, the OR for ever-users of 
snus was, however, 4.7 (95% CI: 1.6, 13.8).

The reason for the discrepancy between these 
findings is unknown, but all studies but the 
Construction Workers Cohort were based on small 

Table IV.  Pooled hazard ratios (HRs) and 95% confidence intervals (CIs) of oral cancer in relation to snus use from sensitivity analyses  
(n = 418,369).

Type of analysis n Use of snus at baseline

Ever users Former users Current users

HRa (95% CI) n HRa (95% CI) n HRa (95% CI)

Excluding Construction Workers Cohort 31 0.96 (0.63, 1.48) 15 1.27 (0.72, 2.26) 16 0.79 (0.46, 1.37)
Restriction to never smokersb 28 0.87 (0.57, 1.32) 3 0.58 (0.18, 1.83) 25 0.93 (0.59, 1.44)
Controlling for additional potential 
confoundersc

31 0.95 (0.61, 1.49) 15 1.26 (0.70, 2.28) 16 0.78 (0.44, 1.38)

Excluding cohortsd with no information 
on former snus use

142 0.97 (0.79, 1.18) 51 1.26 (0.93, 1.71) 91 0.86 (0.67, 1.09)

aAdjusted for attained age, smoking (never, former and current) and body mass index.
bThe reference is never users of any tobacco.
cAdditional adjustment for alcohol consumption, and educational level, among the studies where this information was available (MONICA, 
NMC, SALT, Scania_PHC, Sthlm_PHC, VIP and WOLF).
dMDCS and Scania_PHC.

Table III.  Pooled hazard ratios (HRs) and 95% confidence inter-
vals (CIs) for oral cancer in relation to snus use (n = 418,369).

Use of snus 
at baseline

Number 
of cases

HRa 95% CI HRb 95% CI

Never-usersc 485 Ref. Ref.
Ever-users 143 0.89 (0.73, 1.07) 0.90 (0.74, 1.09)
Former users 51 1.20 (0.89, 1.60) 1.20 (0.89, 1.61)
Current users 92 0.77 (0.62, 0.97) 0.79 (0.63, 1.00)
Amount (cans/week)d

  ⩽ 4 31 0.71 (0.49, 1.02) 0.65 (0.45, 0.94)
  5–6 29 0.77 (0.53, 1.13) 0.83 (0.56, 1.21)
  ⩾ 7 30 0.83 (0.57, 1.22) 0.97 (0.66, 1.41)
Duration (years)e

  ⩽ 4 13 0.64 (0.36, 1.11) 0.67 (0.38, 1.17)
  5–9 20 0.80 (0.50, 1.26) 0.86 (0.54, 1.35)
  10–14 19 0.83 (0.52, 1.32) 0.86 (0.54, 1.37)
  15–19 8 0.57 (0.28, 1.16) 0.60 (0.29, 1.21)

  ⩾ 20 30 0.99 (0.68, 1.44) 0.97 (0.67, 1.42)

a Hazard ratio estimates were adjusted for attained age.
bHazard ratio estimates were adjusted for attained age, smoking 
(never, former and current) and body mass index.
cNever users of snus.
dAmong current snus users only. The information was only avail-
able for following studies: CWC, MDCS, MONICA, NMC, 
SALT, VIP, and WOLF.
eAmong current snus users only. The information was only avail-
able for following studies: CWC, MONICA, NMC, SALT, VIP, 
and WOLF.

Attachment 2B.2020-PM0000011, PM0000012, PM0000014, PM0000016, PM0000017 (Page 6 of 30)

PM0000011 2020 PMTA Annual Report (Page 41 of 69)



Scandinavian Journal of Public Health    7

numbers. Furthermore, studies were concerned with 
different subsites of the head and neck cancers (e.g. 
oral cavity, nasopharynx/paranasal sinuses, orophar-
ynx, hypopharynx and larynx). It is possible that snus 
use is associated with cancers of the hypopharynx 
and larynx, where saliva (and hence carcinogens 
from snus) tends to accumulate, but not with cancers 
of the oral cavity. Differential and insufficient control 
for confounding factors, in particularly of smoking, 
may also explain inconsistencies in study results. In 
fact, residual confounding by smoking may also 
explain the seemingly reduced risk among current 
snus users from our analysis including smokers. This 
is since dual smokers and snus users smoke less on 
average than exclusive smokers, and since we could 
only adjust for smoking status categorized as never, 
former or current. Our analysis restricted to never-
smokers, supporting a null association, is less likely 
to be biased from confounding by smoking dose. 
This may be the reason behind the seemingly reduced 
risk among current smokers in our sample, while the 
analysis restricted to never-smokers, supporting a 
null association, is likely to have eliminated residual 
confounding by smoking dose.

The present study has several strengths, including 
its large sample size, and a diverse study population. 
Additionally, its prospective design minimizes recall 
and selection bias, often afflicting retrospective stud-
ies. In addition to control for confounding by smok-
ing, with two approaches, that is multivariate 
modelling, and restriction of the study population to 
never-smokers – we had the opportunity to further 
control for educational level and alcohol, and again 
the main findings did not change. The study also has 
several limitations. The main limitation is that the 
information on smoking and snus use was self-
reported and only assessed at baseline. This may 
produce biased estimates of the association between 
snus use and oral cancer as a result of measurement 
error (true effect of snus use cannot be retrieved due 
to behaviour changes during long-period follow-up). 
A recent Swedish study showed that 70% of snus 
users at baseline and 55% of smokers continued 
their tobacco use habit after 10 years, which indi-
cates that using snus is a more stable habit than is 
smoking [35]. Moreover, snus was found to be the 
most stable form of tobacco use among a cohort of 
3407 men and women over 13 years of follow-up 
[36]. We were unable to control for all potentially 
confounding factors, including for example, HPV 
infections and occupational exposures (e.g. wood 
dust or nickel) [2]. Finally, we could not address the 
association between snus use and oral cancer among 
women because of their low prevalence of use.

Our findings, from the largest sample to date, do 
not support a role of Swedish snus use in the devel-
opment of oral cancer in men. Risk from Swedish 
snus is clearly less than from smokeless tobacco 
products used in North America and South Asia, but 
this does not imply that snus is harmless. As long as 
the knowledge of the health effects of long-term use 
of snus is limited, recommendation to use snus as 
smoking cessation support is questionable.
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Abstract

Introduction:  This 8-week multisite, randomized controlled trial of snus examined the differential 
effects of instructions on (1) snus use, (2) smoking and smoking-related measures, and (3) ex-
posure to tobacco-related constituents.
Method:  US adult daily cigarette smokers (n = 150; 43.3% female; Medianage = 43.5) were recruited 
from Minneapolis, Minnesota; Columbus and Coshocton, Ohio; and Buffalo, New York. Following 
a 1-week sampling phase of snus, participants who used at least 7 pouches were randomized to 
either (1) partial substitution (PS; “use snus as you like with your cigarettes”), (2) complete substi-
tution (CS; “avoid cigarettes”), or (3) usual brand cigarettes (UB). Analyses included between-group 
analyses (eg, PS vs. CS) using Wilcoxon rank sum test of cigarettes per day and snus pouches per 
day, and a linear mixed model (biomarkers).
Results:  Compared to the PS and UB groups, smokers assigned to CS reported greater reductions 
in cigarettes per day (ps < .001), using more snus pouches per day (p = .02), and more smoke-free 
days (CS median = 14.5, PS and UB medians = 0, p < .001). In addition, results demonstrated re-
ductions in carbon monoxide (p < .001), total nicotine equivalents (p = .02), and four out of five 
measured volatile organic compounds (ps < .01) over time among the CS group. Exposure to N′-
nitrosonornicotine increased by trial end only among the PS group (p < .04). Phenanthrene tetraol 
increased among all groups by trial end (p = .02) with no difference between groups.
Conclusions:  Instructions to completely switch from cigarettes to snus resulted in the greatest  
reduction in cigarettes and exposure to harmful constituents.
Implications:  Directly instructing smokers to switch completely to snus, rather than using  
ad libitum (with no instructions to avoid cigarettes), is necessary for reductions in smoking and 
subsequent exposure to harmful constituents.
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Introduction

Snus, a smokeless tobacco product with purportedly lower levels of 
tobacco-specific nitrosamines, results in substantially lower exposure 
to harmful constituents compared to cigarettes. Thus, switching 
from cigarettes to snus completely could reduce smoking-related 
death and disease.1–4 For example, Sweden observed a significant re-
duction in tobacco-related disease over the past several decades as 
more smokers switched to snus.2 A recent review of Swedish cohorts 
found that many smokers who switched to snus have similar risks 
of cancer and cardiovascular disease as smokers who quit tobacco 
altogether.5,6 Given the introduction of snus in the United States, it 
is important to examine potential ways to optimize any beneficial 
effects and minimize any negative impacts when smokers are consid-
ering snus as an alternative nicotine product.

Instructions for use will likely influence the extent of snus up-
take, smoking behaviors, and potentially subsequent health effects. 
In research examining switching from cigarettes to snus, instruc-
tions for use have varied from partial to complete substitution, and 
from prescribed minimum product use to ad libitum use (use as you 
like).7 Results from these studies suggest that smokers can success-
fully reduce smoking with snus; however, complete substitution is 
rare, particularly when smokers are not instructed to stop smoking 
cigarettes.7–9 However, no study to the best of our knowledge has 
randomized participants to and directly compared the effects of in-
structions for use on smokers’ exposure to harmful constituents. 
Such data are important for informing regulatory decisions.

This study measured the effects of instructions for complete 
versus partial substitution of snus for cigarettes, on (1) snus use, (2) 
smoking and smoking-related factors, and (3) level of exposure to 
nicotine- and tobacco-related harmful constituents. In addition, pat-
terns of cigarette and snus use over time were examined.

Methods

Participants
Smokers were recruited from Minneapolis, Minnesota; Columbus 
and Coshocton, Ohio, and Buffalo, New York between May 2013 
and August 2016. Internet and local media advertisements read: 
“Smokers who want to try a new oral tobacco product are needed for 
a research study that may reduce their exposure to harmful tobacco 
smoke.” Interested smokers who called the respective study site, were 
informed about the study, and were initially screened for eligibility 
over the telephone. Eligibility criteria included (1) at least 18 years 
of age, (2) smoking at least 5 cigarettes/day (CPD) for the past year, 
(3) no regular use of other nicotine/tobacco products (eg, ≤9 days/
month), (4) good physical and mental health (eg, no unstable or un-
treated medical or psychiatric conditions), (5) not planning to quit 
smoking in the next 3  months, and (6) no chronic conditions af-
fecting results of biochemical analyses (eg, liver disease). Participants 
were excluded if they were or had (1) a serious quit attempt in the 
past 3 months, (2) current or  recent (<3 months) alcohol or drug 
abuse problems, (3) currently using nicotine replacement or other 
cessation methods, or (4) pregnant, planning to become pregnant, 
or breastfeeding. Each site’s institutional review board approved this 
study (Clinicaltrials.gov #NCT01867242).

Design
The groups in this study were combined from two studies (study 
A and B) with similar designs, one of which also examined groups 

of e-cigarette use (study B) not included in this study. The only dif-
ferences between the two study designs were the instructions for use 
and amount of monetary compensation (described later).

Orientation, Screening, and Sampling Phase (Week −3)
Potentially eligible participants were invited to an orientation visit 
during which they completed informed consent and further screening 
for medical and tobacco use history. Demographic and self-report 
measures of smoking-related variables were completed. Vitals and 
carbon monoxide (CO) were assessed, and pregnancy tests were 
conducted on women of childbearing potential. Smoking status was 
confirmed with exhaled CO at least 10 ppm (tested in the clinic); if 
CO was less than 10 ppm, then NicAlert test = level 6.

Next, eligible participants began the sampling phase. Participants 
chose two of three snus flavors to smell—Winterchill, Frost, or 
Robust—in blinded tins for 30 seconds. Participants sampled the 
product for a timed 5-minute period. After each sampling, they com-
pleted several questionnaires about the product (not reported here). 
Participants drank water and ate a saltine cracker to cleanse their 
palate between samplings.

Participants chose their preferred flavor and were provided four 
tins containing 15 pouches each to sample over the next week. 
Participants were told “Some people like snus and use a lot, others 
do not like it and don’t use it. Use the product as you wish over the 
next week. Most people get the maximum effect if they keep the 
pouch in their mouth for at least 30 minutes.” They were also in-
structed on how to complete daily automated phone calls regarding 
the previous day’s tobacco use and scheduled for their second ap-
pointment 1 week (±3 days) later.

Sampling Phase, Week −2
After 1 week, participants returned to the clinic with snus tins and 
unused snus pouches. Tobacco use over the past week was assessed 
and participants completed self-report questionnaires. Participants 
who used at least seven snus pouches (based on potential use of one 
pouch per day) and continued to smoke were eligible to enter the 
clinical trial. These criteria were withheld from participants to en-
sure an unbiased willingness to use snus.

Clinical Trial Phase
Following the sampling week, participants attended a total of 8 visits 
over 10 weeks including 2 baseline weeks (weeks −1 and 0). During 
the baseline weeks, they smoked as usual, provided first morning 
urine samples, and completed daily phone diaries of tobacco use.

At week 0, participants were randomized to 1 of the 5 conditions 
for 8 weeks: (1) smoking usual brand cigarette control (UB); (2) com-
plete substitution—ad libitum snus use (ie, “stop smoking cigarettes 
and use only snus; use the snus whenever you like; use enough snus 
to satisfy your cravings for cigarettes”); (3) complete substitution—
specific instructions for snus use (ie, those smoking ≤20 CPD were 
instructed to use ≥8 snus pouches per day [SPD], and ≥20 CPD were 
instructed to use ≥12 SPD); (4) partial substitution—ad libitum snus 
use (ie, “use snus whenever you like instead of a cigarette; smoke as 
many or as few cigarettes as you want”); and (5) partial substitu-
tion—specific instructions (similar snus dosing as complete substitu-
tion—specific instructions group). Mid-study, conditions (3) and (5) 
were eliminated to increase recruitment numbers. For data analyses, 
instructions for use and study (A or B) were entered as covariates and 
groups were combined based on substitution instructions (complete 
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vs. partial substitution). This article reports on three groups: UB, 
partial substitution (PS), and complete substitution (CS).

At each following visit, daily phone diaries were reviewed, CO 
was measured, all tins and unused snus were collected and counted, 
and participants completed self-report measures. At each visit, all 
groups engaged in sessions in which compliance to product use in-
structions were discussed. For those in the CS groups who were un-
able to completely switch, participants problem-solved ways to foster 
complete switching. At week 8, all subjects were strongly encouraged 
to stop using all tobacco products and coached on setting a quit date.

Compensation
In study A, participants could earn up to $585. Participants received 
compensation for transportation ($5 per visit), clinic visits ($40 
including a follow-up visit), daily diary completion (up to $150), 
protocol compliance ($290; including avoiding cigarettes for those 
in the CS groups), and two follow-up phone calls ($10). In study B, 
total compensation increased to $750. Specifically, participants re-
ceived $25 per clinic visit and an additional “bonus” $25 for urine 
samples, protocol compliance (eg, avoiding cigarettes for those in the 
CS groups), and daily diary completion.

Products
Participants chose from Winterchill, Frost Large, and Robust fla-
vored Camel Snus (Reynolds American Inc,  Winston-Salem, NC) 
with 2.5–2.6 mg free nicotine per pouch, according to our analyses. 
Participants indicating the dose was too strong were switched to a 
small pouch Frost or Mellow, which contains 1.5-mg nicotine per 
pouch. All snus were provided free to participants.

Measures
Demographics and Tobacco Use
Demographic and tobacco use variables were collected for eligibility 
and potential moderators. Participants reported cigarette, snus, and 
other nicotine-containing product use via daily automated phone 
calls. The following tobacco use variables were assessed at clinic 
visits: CPD and SPD, and nicotine dependence via the Fagerström 
Test for Nicotine Dependence (FTND).10 FTND total scores were 
used (range 0–10) with higher scores indicating greater dependence. 
The 20-item Center for Epidemiological Studies-Depression (CES-D) 
scale11 was completed at baseline and week 8 to assess eligibility and 
monitor depressive symptoms.

Additional Measures Not Included
Additional measures assessing tobacco-related variables, evaluation 
of snus, psychiatric and medical variables, and perceived health risks 
were completed, but not reported here. At each visit, participants’ 
blood pressure, heart rate, and oxygen saturation were measured.

Biomarker Analyses
Biomarkers included (1) urinary total nicotine equivalents (total nico-
tine + total cotinine + total 3′hydroxycotinine; TNEs),12 (2) exhaled 
CO, (3) urinary 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol and 
its glucuronides (total NNAL) and N′-nitrosonornicotine (NNN), (4) 
urinary phenanthrene tetraol (PheT; a proxy for carcinogenic poly-
cyclic aromatic hydrocarbons), and (5) urinary metabolites of volatile 
organic compounds (VOCs)—2-cyanoethylmercapturic acid (CEMA) 
for acrylonitrile, 3-hydroxypropylmercapturic acid (3-HPMA) for 
acrolein, 3-hydroxy-1-methylpropylmercapturic acid (HMPMA) for 

crotonaldehyde, 2-hydroxypropylmercapturic acid (2-HPMA) for 
propylene oxide, and N-acetyl-S-(2-carbamoylmethyl)-L-cysteine 
(AAMA) for acrylamide. These biomarkers come from an empirically 
informed panel of biomarkers for examining tobacco carcinogen and 
toxicant uptake for the purposes of tobacco product evaluation and 
cancer prevention.13,14 See Supplementary Table 1 for a description of 
these biomarkers and example health effects.

Participants provided exhaled CO using a Bedfont Smokerlyzer. 
TNE, tobacco-specific nitrosamines, and mercapturic acids were 
analyzed using liquid chromatography–mass spectrometry.15–19 PheT 
was analyzed by gas chromatography–tandem mass spectrometry.16 
Biomarker analysis was conducted as described in our previous work 
for NNAL,16 NNN,23 PheT,16 3-HPMA,17 HMPMA,17 CEMA,17 
2-HPMA,20 and AAMA.20 Validation procedures from previously 
published work were used for each biomarker (TNE, creatinine21; 
NNAL, PheT, 3-HPMA, HMPMA, and CEMA22; NNN23; 2-HPMA18). 
Urinary creatinine concentrations were analyzed using a colorimetric 
microplate assay (CRE34-K01; Eagle Bioscience, Amherst, NH). All 
biomarker analyses were adjusted for creatinine to account for urine 
dilution variability between participants.

CO was collected weekly. Urinary TNEs were analyzed at base-
line (week -1, 0) and weeks 4 and 8. All other biomarkers were ana-
lyzed at week 0, 4, and 8. TNEs at week −1 and 0 were averaged to 
create a baseline TNE measurement.

Data Analysis
Baseline demographics were summarized using median, range, fre-
quency, and percent. Biomarkers below the limit of quantitation were 
imputed as 50% the limit of quantitation (samples below limit of 
quantitation = 15/371 (4%) for NNN, 3/495 (0.6%) for NNAL, and 
0/396 (0%) across all MA biomarkers). No other data imputation 
procedures were conducted. All biomarkers were log-transformed 
and reported as geometric means. Chi-square and Wilcoxon rank 
sum tests were used to compare baseline demographic and tobacco 
use history variables between groups. All analyses were performed 
according to the intent-to-treat principle.

Poisson regression with repeated measures using generalized 
estimating equations was used to evaluate CPD and SPD between 
weeks from baseline until week 8. These endpoints were modeled via 
the logarithmic link function. The optimal variance–covariance struc-
ture was autoregressive for CPD and independent for SPD determined 
by the quasi-likelihood under independence model criterion.24 A linear 
mixed model was used to compare study groups and timepoints when 
analyzing the biomarkers.25 To model the within-subject effect, the 
optimal variance–covariance matrix was selected for each biomarker 
based on the Akaike and Bayesian information criteria. The following 
analytic approach was used for all the repeated measures analyses. 
First step: unadjusted model including the group indicator, week, and 
their interaction. If the interaction p value was greater than .1, the 
interaction term was dropped. Second step: adjusted model that in-
cluded a preselected set of baseline covariates in addition to the group 
and week. If the interaction p value was less than .1, the three study 
groups were analyzed separately with an adjusted model including 
the week and the preselected covariates (baseline sex, race [white/
nonwhite], age, employment [part/full time vs. other], FTND, CES-D, 
TNE, ad libitum/instructions, study A or B, and use of other com-
busted tobacco. Using a stepdown selection procedure to obtain the 
most parsimonious model, only significant covariates (p value < .05) 
were retained. Group and week indicators always remained in the 
model. The coefficients from the regression models are exponentiated 
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to represent the estimated ratio (95% CI) of CPD, SPD, and bio-
markers in their original scale for every one unit per level increase in 
the covariates. Linear mixed models and generalized estimating equa-
tion models treat occasional missing observations or missed visit as 
missing at random. The frequent dropouts in this study were com-
pared between groups in a separate analysis using a chi-square test.

Between-group analyses (PS vs. CS) of CPD and SPD at each 
week were conducted using Wilcoxon rank sum test. Paired t tests 
were conducted to determine when patterns of use stabilized by 
examining mean change scores in CPD and SPD from week to week. 
Days with no cigarette smoking were summarized by study group as 
the median percent of smoke-free days over the entire study period, 
the frequency of smoke-free weeks, and the percent of smokers that 
had at least one smoke-free day. All statistical analyses were per-
formed using SAS 9.4 (SAS Institute Inc., Cary, NC). Final analyses 
were considered statistically significant with p less than .05.

Results

Participant Characteristics
Of the 1806 individuals who were phone screened (792 of these 
participants responded to a study advertisement that also included 

e-cigarette groups not reported here), 435 consented, and 150 were 
eligible to be randomized to the clinical trial. The most common 
reasons for ineligibility were nonmedical reasons (n = 85; eg, other 
tobacco use), medically ineligible (n = 51), lost to follow-up during 
baseline (n  =  49), insufficient snus use during the sampling phase 
(n  = 33), and personal reasons (n  = 14; eg, too busy). Only three 
participants withdrew from the study due to reporting disliking the 
product during sampling. Fifty participants were randomized to 
e-cigarette conditions not reported here.

Table 1 shows baseline demographic information and tobacco 
use history of randomized participants across groups. Participants 
were primarily white (68.0%), with 43.3% female and a median 
age of 43.5 years. Nicotine dependence differed between groups at 
baseline; participants in the CS group (FTND median = 3.0) were 
more dependent on tobacco than the other two groups. Most par-
ticipants chose Winterchill or Frost-flavored snus (69.2%–78.1%). 
There were no significant differences in dropout rates between 
groups following randomization (dropouts: CS, n  =  24, 50%; PS, 
n = 16, 30.2%; UB, n = 8, 36.4%; p > .05). Most dropouts occurred 
by week 4 (week 1 [n = 15, 31.3%], week 2 [n = 8, 16.7%], week 3 
[n = 7, 14.6%], week 4 [n = 7, 14.6%], week 6 [n = 3, 6.3%], and 
week 8 [n = 8, 16.7%]).

Table 1.  Demographics Across Use Groups

Variable
Total  

(N = 150)
Complete 

substitution (N = 64)
Partial substitution 

(N = 60)
Usual brand  

(N = 26)
p 

valuea

Study site, N (%)
  UMN 45 (30.0) 17 (26.6) 20 (33.3) 8 (30.8)  
  OSU/Coshocton Clinic 84 (56.0) 37 (57.8) 33 (55.0) 14 (53.9) .92
  Roswell 21 (14.0) 10 (15.6) 7 (11.7) 4 (15.4)  
Age, median (min/max) 43.5 (18/83) 42.5 (18/83) 42.0 (18/64) 47.0 (23/68) .38
Sex, Female, N (%) 65 (43.3) 28 (43.8) 24 (40.0) 13 (50.0) .69
Race, N ( %)
  White 102 (68.0) 44 (68.8) 43 (71.7) 15 (57.7)  
  Black 43 (28.7) 16 (25.0) 16 (26.7) 11 (42.3) .30b

  Other 5 (3.3) 4 (6.3) 1 (1.7) 0 (0.0)  
Education, N (%)
  Eighth grade or less 1 (0.7) 1 (1.6) 0 (0.0) 0 (0.0)  
  Some high school 13 (8.7) 7 (10.9) 5 (8.3) 1 (3.9)  
  High school 44 (29.3) 17 (26.6) 20 (33.3) 7 (26.9) —
  Some college 70 (46.7) 26 (40.6) 28 (46.7) 16 (61.5)  
  College grad 17 (11.3) 10 (15.6)  6 (10.0) 1 (3.9)  
  Graduate/professional 5 (3.3) 3 (4.7) 1 (1.7) 1 (3.9)  
Education, N (%)
  High school/less 58 (38.7) 25 (39.1) 25 (41.7) 8 (30.8) .63
  Some college/more 92 (61.3) 39 (60.9) 35 (58.3) 18 (69.2)  
Income, N (%)
  Less than $30,000 97 (64.7) 42 (65.6) 39 (65.0) 16 (61.5) .93
  More than $30,000 53 (35.3) 22 (34.4) 21 (35.0) 10 (38.5)  
Current Employment, full/part-time, N (%) 55 (36.7) 26 (40.6) 17 (28.3) 12 (46.2) .20
FTND total score, median (min/max) 3.0 (0/7) 3.0 (2/6) 3.0 (0/7) 3.0 (1/6) .02c

CES-D (depression), median (min/max) 6.0 (0/34) 8.0 (0/34) 6.0 (0/19) 6.0 (0/24) .07
Flavor, Winterchill/Frost, N (%) 104 (75.9) 50 (78.1) 45 (75.0) 9/13 (69.2) .77
Baseline cigarettes/day, median (range)  14.0 (4.3/34.4) 11.7 (6.0/39.9) 12.1 (5.6/31.5) .77
Baseline TNE nmol/mg creatinine, median 

(range)
 58.3 (18.5/383.1) 55.9 (0.04/307.3) 65.7 (5.4/152.4) .52

Dropout, N (%) 48 (32.0%) 24 (50.0%) 16 (30.2%) 8 (36.4%) .12

CES-D = Center for Epidemiologic Studies Depression scale; FTND = Fagerström Test for Nicotine Dependence; OSU = The Ohio State University; TNE = total 
nicotine equivalents; UMN = University of Minnesota.
aThe p values were derived from the chi-square test or the Wilcoxon rank sum test.
bThis p value compares whites and blacks only.
cParticipants assigned to Complete Substitution had higher FTND scores than the other groups. 
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Tobacco Use
Average CPD and SPD between groups and across weeks are shown 
in Figure 1. For CPD, a significant interaction emerged between week 
and study group (p < .001). Thus, the three groups were analyzed sep-
arately. The CS group reported significant reductions in CPD at each 
week compared to week 0 (CPD week 1:0 = 0.31, week 2:0 = 0.22, 
week 3:0 = 0.23, week 4:0 = 0.16, week 6:0 = 0.10, week 8:0 = 0.12; 
ps < .001); however, many smokers did not avoid cigarettes com-
pletely despite being incentivized and instructed to do so. The PS 
group reported a smaller but significant reduction in CPD at each 
week (except week 4) compared to week 0 (CPD week 1:0 = 0.92, 
p = .004; week 2:0 = 0.90, p = .03; week 3:0 = 0.90, p = .04; week 
6:0 = 0.88, p = .005; week 8:0 = 0.86, p = .002). The UB group’s CPD 
remained consistent throughout the trial, except for weeks 1 and 3, 
during which they reported a slight reduction compared to week 0 
(CPD week 1:0 = 0.92, p = .02; week 3:0 = 0.91, p = .02).

No significant interaction emerged between week and study 
group for SPD. Over the 8-week study, the CS group used, on 
average, 36% more SPD than the PS group (SPD CS:PS ratio = 1.36, 
p = .02). For all snus groups, average SPD were significantly lower at 
week 1 (SPD week 1:8 = 0.78, p = .002) than week 8, but increased 
at week 2 to a similar amount used at week 8 (SPD week 2:8 = 0.99, 
p = .84), remaining consistent throughout the trial (ps > .05).

Between-week differences of SPD and CPD patterns among 
PS and CS groups are shown in Supplementary Tables 2 and 3. 
Stabilization of SPD occurred within 2 weeks among the PS and 
CS groups evidenced by significant increases in SPD from week 
1 to 2 (PS Meanchange  = 0.88 SPD, p  =  .001; CS Meanchange  = 1.03 
SPD, p = .009). Week-to-week changes in SPD were nonsignificant 

after week 2 (except for a slight drop at week 6 that eventually 
rebounded). Likewise, stabilization of CPD occurred within 2 
weeks among CS group evidenced by significant decreases in CPD 
from week 0 to 1 (Meanchange = −10.89 CPD, p < .001), week 1–2 
(Meanchange = −1.30 CPD, p = .008), and subsequent nonsignificant 
between week changes. However, stabilization of CPD occurred 
within the first week among the PS group evidenced by significant de-
creases in CPD from week 0 to 1 (Meanchange = −1.23 CPD, p = .002), 
and nonsignificant changes from subsequent week to week. These 
patterns sustained when analyses were repeated among only partici-
pants who completed the entire trial.

Smoke-Free Days
Smoke-free days throughout the trial are shown in Supplementary 
Table 4. Over the 8-week study (~56 days), smokers in the CS group 
reported more smoke-free days (median = 14.5, range 0–61 days) 
than those in the PS and UB groups (PS and UB medians = 0, χ2 (2, 
N = 150) = 52.8, p < .001).

When examining weeks with 100% smoke-free days, 80 weeks 
were identified, with 77 among the CS group and 3 among the PS 
group (all from one person). More smokers reported at least one 
smoke-free day, with the greatest number among the CS group 
(n  =  34/48, 70.8%), followed by the PS group (n  =  5/53, 9.4%), 
and the UB group (n = 2/22, 9.1%, p < .001; assuming those who 
dropped returned to smoking).

Supplementary Table 4 shows smoke-free weeks verified by a CO 
reading of less than or equal to 6 ppm among participants in the CS 
group. Among those who self-reported a smoke-free week, 84.4% 
were CO-verified (all weeks range = 66.7%–100%).
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Figure 1.  (A) Average CPD, (B) average SPD, and (C) exhaled CO by tobacco use group. CO = carbon monoxide; CPD = cigarettes per day; CS = complete 
substitution; GM = geometric mean; SPD = snus per day; PS = partial substitution; UB = usual brand.
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Biomarkers
CO levels by group are shown in Figure 1. Table 2 shows geometric 
means and medians for the other biomarkers.

Carbon Monoxide
An interaction between week and study group emerged (p < .001). 
As a result, the three groups were analyzed separately. The CS group 
demonstrated significant decreases in CO throughout the trial com-
pared to baseline (ps < .001). Compared to week 0, CO reduced by 
45% by week 1 and 64% by week 8. The PS group demonstrated no 
significant changes in CO until week 8 (CO week 8:0 = 0.84, p = .03) 
and the UB group demonstrated no significant changes throughout 
the trial (ps > .05).

The stabilization of CO in the CS group occurred by week 2, 
as only weeks 0 (CO week 0:8 = 2.76, p < .001) and 1 (CO week 
1:8 = 1.51, p = .007) were significantly different from week 8. Among 
the PS group, stabilization of CO occurred by week 1; only week 
0 was significantly different from week 8 (CO week 0:8  =  1.17, 
p = .046).

Nicotine and Tobacco-Specific Nitrosamine
Significant interactions emerged between study group and week for 
urinary TNE (p = .02) and NNN (p = .04). Among the CS group, TNE 
levels decreased significantly from baseline to week 4 (ratio = 0.71, 
p = .01), but were nonsignificant from baseline to week 8 (ratio = 0.77, 
p = .06). Levels of TNE among the PS group showed a slight increase 
from baseline to week 4 that became statistically significant by week 
8 (TNE baseline:4 = 1.17, p = .11; TNE baseline:8 = 1.22, p = .047). 
Levels of TNE among the UB group remained relatively unchanged 
(ps > .05). Levels of NNN remained the same for the CS (ps > .05) 
and UB groups (ps > .05) but increased by 75% among the PS group 
by the end of the trial (NNN week 0:4 = 1.50, p = .07; NNN week 
0:8 = 1.75, p = .01). No interactions between week and study group 
emerged for NNAL (p =  .18). Levels of NNAL remained the same 
across the trial and between study groups (ps > .05).

Phenanthrene Tetraol
No interaction between week and study group emerged (p > .05) for 
levels of PheT. Overall, there was a nonsignificant decrease in levels 
of PheT from week 0 to week 4 (PheT week 0:4 = 0.89, p = .06), fol-
lowed by an increase from week 0 to week 8 (PheT week 0:8 = 1.17, 
p = .02). There were no differences between groups (ps > .05).

Volatile Organic Compounds
There were significant interactions between study group and week 
for CEMA (p < .001), 3-HPMA (p  =  .003), AAMA (p < .001), 
HMPMA (p = .001), but not 2-HPMA (p > .05). Levels of CEMA, 
3-HPMA, AAMA, and HMPMA showed similar interactions pat-
terns. Namely, levels of these biomarkers remained similar to base-
line at weeks 4 and 8 among the PS and UB groups (ps > .05), with 
one exception for AAMA (ie, UB AAMA week 0:4 = 0.67, p = .03), 
but significantly lower levels of these biomarkers at weeks 4 and 8 
among the CS group (ps < .05). Levels of 2-HPMA did not differ 
throughout the trial, nor between groups (ps > .05).

Discussion

Smokers instructed to completely substitute snus for their cigar-
ettes reported smoking fewer CPD, using more SPD, experien-
cing more smoke-free days, and demonstrated reductions in some 

biomarkers of exposure levels (ie, TNE, CEMA, 3-HPMA, AAMA, 
and HMPMA). Although smokers who were instructed to use snus 
ad libitum demonstrated some reductions in reported CPD, most of 
their biomarkers of exposure levels did not differ from baseline and 
the UB group, and levels of TNE and NNN increased by the trial’s 
end (suggesting an overall increase in tobacco exposure from snus).

These results indicate potential harm reduction can only be 
realized if smokers are instructed to stop smoking and completely 
switch to snus; partial reduction in smoking has minimal effects on 
biomarkers of exposure. Previous research has shown reductions 
in VOCs even when participants dual use26; however, this previous 
study observed larger reductions in CPD than observed in the cur-
rent study (potentially due to the previous study’s (1) higher CPD 
eligibility requirements, (2) research staff lit each cigarette for parti-
cipants in a confined setting, and (3) participants were only able to 
smoke between 7 am and 11 pm and every 32 minutes).

On the other hand, snus products are not free from risks. Levels 
of total NNAL did not decrease because of complete switching. 
Results from previous studies are mixed as to whether switching to 
snus lowers exposure to NNK, as some studies show reductions in 
urinary total NNAL26,27 whereas other do not.8 More importantly, 
smokers who used both cigarettes and snus (PS) demonstrated in-
creases in NNN in this study. Slight increases in PheT were seen in 
this study, which is unlike previous studies that observed decreases 
in PheT levels even when smokers continued to use cigarettes.26,28

Patterns of use appeared to stabilize in 2–4 weeks. Snus use and 
CO largely stabilized by week 2. Similarly, many biomarkers of VOC 
exposure, with elimination half-lives conducive for a shorter clin-
ical trial,29,30 reached stabilization by week 4. Other biomarker levels 
continued to change from weeks 4 to 8 (eg, TNE, PheT).

This study has several limitations. First, smokers in the CS group 
were provided monetary bonuses for avoiding cigarettes, limiting real-
world applications; however, this incentive allowed for better estimates 
of the maximal changes in biomarkers of exposure because of com-
plete switching. Second, we combined two studies for analyses, one 
of which involved e-cigarettes; however, we statistically controlled for 
study A and B. Third, dropout rates ranged from 30% to 50%, with 
the highest rates among the CS group, potentially limiting generaliz-
ability. The dropout rates also might indicate that complete substitu-
tion with snus may be difficult to achieve for many smokers. A recent 
review of the literature showed that switching completely from cigar-
ettes to smokeless tobacco is rare (0%–1.4% of adults).31 Furthermore, 
although many smokers tried snus in efforts to cut back on cigarettes, 
uptake of snus is still relatively low.32 Fourth, only smokers uninter-
ested in quitting, who used at least seven pouches during the sampling 
phase, were eligible to enter the clinical trial. Then again, this pro-
cedure reflects consumers who are interested in continuing to use snus. 
Fifth, results of our own constituent analyses of snus products showed 
reductions in levels of NNN and NNK from 2013 to 2015. However, 
these reductions would not likely change the direction of the results 
as both complete and partial substitution groups experienced similar 
changes and we controlled for study group (A or B).

In summary, completely switching to snus seemingly reduces 
smokers’ exposure to some harmful constituents (ie, acrolein, 
crotonaldehyde, acrylonitrile, acrylamide), but not all (NNK, pro-
pylene oxide, phenanthrene), whereas partial substitution increases 
exposure to nicotine and NNN. This finding suggests snus would 
be a modified risk product only if complete switching occurred. 
However, the uptake of this product and the success for complete 
switching may be low and therefore the public health benefit of snus 
as a modified risk product may be modest.
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Table 2.  Biomarkers Summary Statistics by Week and Study Group

Biomarker Week Study Group N GM (95% CI) Median (Range) p valuea

GM TNE nmol/mgb Baseline UB 22 61.5 (44.8 to 84.5) 65.7 (5.4/152.4)  
 PS 53 48.3 (34.5 to 67.8) 55.9 (0.04/307.3) .52

  CS 48 57.5 (48.9 to 67.6) 58.3 (18.5/383.1)  
 4 UB 15 52.3 (34.5 to 79.3) 55.1 (7.6/132.8)  
  PS 42 61.9 (47.3 to 81.0) 64.2 (1.6/257.7) .09
  CS 26 42.2 (31.1 to 57.3) 44.8 (8.8/125.5)  
 8 UB 16 63.4 (42.7 to 94.0) 62.4 (8.0/167.8)  
  PS 39 65.0 (53.1 to 79.4) 68.5 (13.4/196.1) .30
  CS 24 46.7 (32.5 to 67.0) 54.7 (4.7/178.6)  
GM NNAL pmol/mg creatinine Baseline UB 22 1.14 (0.65 to 2.00) 1.25 (0.02/9.48)  

 PS 53 1.06 (0.80 to 1.41) 1.14 (0.02/7.91) .51
 CS 47 1.31 (1.03 to 1.66) 1.52 (0.07/5.28)  

 4 UB 15 1.29 (0.78 to 2.15) 1.17 (0.17/6.81)  
  PS 42 1.29 (1.02 to 1.64) 1.35 (0.20/8.73) .94
  CS 26 1.15 (0.85 to 1.57) 1.39 (0.20/3.42)  
 8 UB 16 1.38 (0.91 to 2.08) 1.22 (0.22/5.66)  
  PS 39 1.27 (1.01 to 1.61) 1.14 (0.31/4.85) .56
  CS 24 1.43 (1.07 to 1.91) 1.47 (0.33/4.30)  
GM NNN pmol/mg creatinine Baseline UB 22 0.022 (0.012 to 0.038) 0.030 (0.002/0.178)  

 PS 52 0.026 (0.017 to 0.039) 0.024 (0.001/1.527) .89
 CS 45 0.027 (0.018 to 0.039) 0.027 (0.002/0.570)  

 4 UB 15 0.017 (0.008 to 0.036) 0.016 (0.002/0.291)  
  PS 41 0.044 (0.028 to 0.068) 0.046 (0.002/4.258) .02
  CS 26 0.020 (0.012 to 0.036) 0.020 (0.002/0.187)  
 8 UB 16 0.023 (0.013 to 0.040) 0.030 (0.004/0.096)  
  PS 38 0.048 (0.029 to 0.080) 0.041 (0.003/11.187) .18
  CS 24 0.025 (0.014 to 0.045) 0.027 (0.001/0.325)  
GM PheT pmol/mg creatinine Baseline UB 18 2.10 (1.58 to 2.81) 2.37 (0.63/4.39)  

 PS 46 2.15 (1.76 to 2.62) 2.13 (0.46/9.37) .97
 CS 39 2.20 (1.81 to 2.67) 2.23 (0.72/7.16)  

 4 UB 15 1.79 (1.17 to 2.74) 2.11 (0.55/5.62)  
  PS 42 2.06 (1.66 to 2.55) 2.30 (0.28/6.57) .62
  CS 26 1.76 (1.30 to 2.39) 1.81 (0.31/9.28)  
 8 UB 16 2.16 (1.48 to 3.13) 2.60 (0.58/5.45)  
  PS 38 2.58 (2.07 to 3.22) 2.71 (0.82/11.77) .83
  CS 24 2.51 (1.79 to 3.53) 2.18 (0.75/18.42)  
GM CEMA pmol/mg creatinine Baseline UB 19 499.9 (311.9 to 801.2) 491.3 (46.2/2576.7)  

 PS 47 453.0 (335.6 to 611.5) 484.9 (2.9/1963.6) .99
 CS 39 478.8 (381.8 to 600.5) 458.5 (99.8/2440.2)  
4 UB 15 463.2 (313.6 to 684.2) 424.6 (140.9/1950.9)  

  PS 42 511.4 (396.8 to 659.0) 554.8 (30.1/2212.8) .001
  CS 26 188.6 (112.5 to 316.0) 195.7 (13.9/4321.4)  
 8 UB 15 594.6 (441.9 to 800.0) 648.3 (225.1/1657.9)  
  PS 38 483.8 (365.0 to 657.5) 671.5 (41.8/2223.9) .03
  CS 24 248.1 (142.7 to 431.2) 282.5 (21.9/2243.4)  
GM 2-HPMA pmol/mg creatinine Baseline UB 19 551.6 (386.4 to 787.3) 613.8 (171.7/2037.3)  

 PS 47 567.8 (471.2 to 684.2) 627.3 (153.0/1893.6) .44
 CS 39 453.7 (351.2 to 586.1) 427.4 (73.6/2117.6)  
4 UB 15 557.7 (350.7 to 887.1) 635.9 (171.6/4502.3)  

  PS 42 511.4 (383.5 to 682.0) 492.1 (30.1/3734.9) .28
  CS 26 391.4 (265.2 to 577.7) 438.9 (92.3/6047.9)  
 8 UB 15 722.7 (465.3 to 1122.5) 522.9 (158.1/4302.6)  
  PS 38 589.2 (466.6 to 744.0) 609.6 (89.0/2026.2) .60
  CS 24 500.5 (347.4 to 721.0) 580.6 (72.4/2311.6)  
GM 3-HPMA pmol/mg creatinine Baseline UB 19 5328.6 (3625.1 to 7832.7) 3902.3 (1495.4/33160.4)  

 PS 47 4240.9 (3459.5 to 5198.8) 4578.5 (815.2/17377.9) .76
 CS 39 4482.9 (3650.3 to 5505.4) 4795.6 (994.4/20286.4)  
4 UB 15 4098.5 (3070.5 to 5470.7) 4135.6 (1710.6/12307.4)  

  PS 42 5297.3 (4179.9 to 6713.4) 4959.8 (562.3/30538.1) .002
  CS 26 2381.6 (1584.5 to 3579.8) 2245.7 (292.3/24270.9)  
 8 UB 15 4869.4 (3160.5 to 7502.2) 4798.2 (1091.9/16617.0)  
  PS 38 5269.5 (4071.3 to 6820.4) 5760.5 (615.8/18301.2) .04

Nicotine & Tobacco Research, 2020, Vol. 22, No. 4 479

D
ow

nloaded from
 https://academ

ic.oup.com
/ntr/article/22/4/473/5445258 by  am

y.beck@
sw

edishm
atch.com

 on 14 O
ctober 2020

Attachment 2B.2020-PM0000011, PM0000012, PM0000014, PM0000016, PM0000017 (Page 24 of 30)

PM0000011 2020 PMTA Annual Report (Page 59 of 69)



Supplementary Material

Supplementary data are available at Nicotine and Tobacco Research 
online.
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Abstract

Introduction:  Based on arguments for harm reduction and health benefits, tobacco companies in 
the United States can apply for regulatory authorization to make “modified risk tobacco product” 
(MRTP) marketing claims. The impact of future MRTP claims may depend on whether they are no-
ticed, believed, and lead to smokers switching products. This study provides baseline data about 
smokers’ exposure to perceived MRTP claims ahead of any MRTP authorizations.
Aims and Methods:  We analyzed measures from Wave 3 of the US-based Population Assessment 
of Tobacco and Health (PATH) study which asked smokers to indicate if they had seen any 
e-cigarettes, snus, or other smokeless tobacco (SLT) products that claim to be “less harmful” in 
the past 12 months, and their likelihood of using products with these claims in the next 30 days.
Results:  Significantly fewer smokers noted having seen snus (5.1%) or other SLT (5.6%) with “less 
harmful” claims compared with e-cigarettes (29.1%). For each product, the prevalence of MRTP 
claim exposure was higher among smokers who perceived the product to be less harmful than 
smoking, who currently used the product, and who had higher rates of tobacco advertising ex-
posure at the point of sale. Among smokers who noticed products with “less harmful” claims, 
about one-quarter said they would use them in the future (24%–27%).
Conclusions:  Ahead of any Food & Drug Administration (FDA) authorization for MRTP claims, 
some smokers already perceive exposure to “less harmful” claims for e-cigarettes, but few do for 
SLT. MRTP claims may motivate some smokers to use these products.
Implications:  This study provides new baseline data about smokers’ perceived exposure to MRTP 
claims in the United States ahead of any regulatory claim authorization. Using data from Wave 3 
of the US PATH study, we found that some smokers already perceive exposure to “less harmful” 
claims for e-cigarettes (29%), but few do for SLT (5%–6%). Among smokers who noticed products 
with “less harmful” claims, about one-quarter said they would use them in the future (24%–27%), 
suggesting MRTP claims may motivate some smokers to use products described as “less harmful.”
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Introduction

There is a growing recognition that different tobacco products pose 
different levels of risk and fall along a “continuum of risk.” 1,2 Though 
not harmless, moist snuff smokeless tobacco, snus (a low nitrosa-
mine type of moist snuff), and e-cigarettes pose significantly fewer 
health risks to individual users than cigarettes.2–5 Thus, switching 
to these products may offer the potential for harm reduction for 
smokers who are unable or unwilling to quit nicotine. However, re-
search indicates that consumers’ perceptions about the comparative 
risks of tobacco products are often inconsistent with the continuum 
of risk. Many believe smokeless tobacco (SLT) and e-cigarettes are as 
harmful or more harmful than tobacco cigarettes.6–8 As such, many 
tobacco control professionals have called for more accurate commu-
nication about the risks of such products relative to cigarettes.8–10 
Smokers may be receptive to such communications, with about half 
reporting they would be interested in using a tobacco product that 
claimed to be less harmful than other tobacco products.11,12

In the United States, tobacco companies are not permitted 
to make these types of comparative or “modified risk tobacco 
product” (MRTP) claims in their marketing or product labeling 
without authorization from the Food & Drug Administration 
(FDA). To date, applications from five brands, including a reduced-
nicotine cigarette (22nd century), an electronic heated tobacco 
product (IQOS), and three SLT products (General Snus, Camel 
Snus, Copenhagen, Denmark) have been submitted. In October 
2019, the FDA issued the first modified risk order to Swedish 
Match authorizing a claim that “Using General Snus instead of 
cigarettes puts you at lower risk of mouth cancer, heart disease, 
lung cancer, stroke, emphysema, and chronic bronchitis.” 13 In July 
2020, FDA authorized an exposure modification claim for IQOS, 
which states that switching completely from cigarettes to IQOS 
can “significantly reduces your body’s exposure to harmful or po-
tentially harmful chemicals.” 14

The potential impact of MRTP claims on population health may 
in part depend on whether smokers are exposed to these claims, per-
ceive them to be salient and truthful,15–17 and are motivated to try and 
completely switch to these products. This study provides baseline 
data about smokers’ reported exposure to and potential behavioral 
response to MRTP claims for snus, other SLT, and e-cigarettes in the 
context of a regulatory landscape when no such claims had been au-
thorized but ahead of several potential MRTP claim authorizations.

Methods

We analyzed data from the publicly available Wave 3 adult dataset 
of the Population Assessment of Tobacco and Health (PATH) study. 
The PATH study is a household-based, nationally representative, 
longitudinal cohort study of adults (ages 18+) and youth (12–
17  years). The study uses audio computer-assisted self-interviews 
(ACASI) available in English and Spanish to collect self-reported in-
formation on tobacco use patterns and associated health behaviors. 
Recruitment for the Wave 1 cohort employed a stratified address-
based, area-probability sampling design—Wave 1 methods details 
are published elsewhere.18 Wave 3 data were collected from October 
2015 through October 2016 and included responses from 28 148 
adults, with an unweighted response rate of 78%. This analysis is 
limited to responses from 9013 current established smokers in the 
sample (ie, those who have used 100 cigarettes in their lifetime and 

now report smoking cigarettes some days or every day), the primary 
intended audience for nicotine harm reduction products/messages.

Measures
Primary measures included those about respondents’ reported ex-
posure to perceived MRTP claims and likelihood to use the prod-
ucts with these claims. Specifically, we examined responses to 
three questions that asked respondents to indicate whether, in the 
past 12 months, they had seen “any e-cigarettes or other electronic 
nicotine products that claim to be less harmful?,” “any snus prod-
ucts that claim to be less harmful?,” and “any smokeless tobacco 
products (such as dip, spit or chew) that claim to be less harmful?” 
Provided response options were “yes” and “no.” Those who re-
sponded “yes” were asked a follow-up question about likelihood of 
using that product: “How likely is it that you will use one of these 
[e-cigarettes or other electronic nicotine products; snus products; 
smokeless tobacco products (such as dip, spit or chew)] that claim to 
be less harmful in the next 30 days?” Response options were dichot-
omized as very/somewhat likely or very/somewhat unlikely during 
analysis. These measures were asked for the first time on Wave 3.

Covariates included demographics and variables related to to-
bacco use, perceived product harmfulness relative to cigarettes, 
and exposure to tobacco marketing (see Supplementary Table S1). 
Current users of e-cigarettes, snus pouches, and other SLT were 
defined as those who reported using these products some days or 
every day. Harm perception measures asked whether using each 
product type was less harmful, about the same or more harmful than 
smoking cigarettes (dichotomized as “less harmful” versus “same or 
more harmful” during analysis). As an indicator of exposure to to-
bacco marketing, we included a question that asked participants “In 
the past 30 days, have you noticed tobacco ads or promotions on 
store windows or inside stores where tobacco is sold? (Yes/No).” We 
also included parallel product-specific marketing exposure measures 
that asked participants to indicate if they had received any discounts 
or coupons for e-cigarettes, snus pouches, and other SLT.

Analyses
We used PATH Wave 3 single wave survey weights (as recom-
mended in the PATH User Guide)19 to generate prevalence estimates 
and adjusted odds ratios (AORs) of reported exposure to perceived 
e-cigarette, snus, and SLT MRTP claims and likelihood of using one 
of these products. The weighting procedures adjusted for oversam-
pling and nonresponse, yielding nationally representative estimates 
of the noninstitutionalized, adult civilian US population in 2015–
2016. Individuals missing the outcomes or covariates included in a 
table were excluded from those analyses. We developed multivariable 
logistic regression models for exposure to a perceived MRTP claim 
and use likelihood for each of the three products, adjusting for par-
ticipants’ sociodemographic and non-cigarette tobacco use charac-
teristics. We also included as covariates PATH measures from the 
Global Appraisal of Individual Needs–Short Screener (GAIN-SS) 
that assess internalizing mental health related problems (eg, symp-
toms of anxiety and depression) and externalizing problems (eg, 
lying and violent behavior). Model 1 (claim exposure) also adjusted 
for engagement with product marketing (eg, receiving coupons). We 
collapsed variable levels when sample sizes for that variable and the 
outcome restricted analyses (eg, race). All analyses were conducted 
in Stata/SE version 16.0.
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Results

Exposure to Perceived MRTP Claims
Overall, 29.3% of current smokers indicated having seen e-cigarettes 
claiming to be “less harmful” while significantly fewer reported 
having seen snus (5.1%) or other SLT (5.6%) with such claims 
(Supplementary Table S1).

The odds of noticing e-cigarette MRTP claims did not differ by sex 
for e-cigarettes but were significantly higher among males versus fe-
males for snus (AOR = 1.4) and other SLT (AOR = 1.2) (Supplementary 
Table S1). For all three products, the prevalence of noticing MRTP 
claims was highest among the 18–24- and 25–34-year age groups. 
The odds of claim exposure were lower among black versus white 
smokers for e-cigarettes, but higher among black versus white smokers 
for snus and other SLT. The odds of noticing e-cigarette MRTP claims 
were lower for those with less education, but those with less education 
had higher odds of noticing snus and SLT claims. Odds of noticing 
e-cigarette claims were also higher among those with high levels of ex-
ternalizing symptoms (AOR = 1.3).

For each product type, the odds of exposure to perceived MRTP 
claims for that product were significantly higher among product users 
versus nonusers (e-cigarettes, AOR = 1.3; snus, AOR = 1.6; other SLT, 
AOR  =  1.4). In terms of risk perceptions, the prevalence of claim 
exposure was also significantly higher among those who perceived 
the product to be “less harmful” than smoking compared with “as 
or more harmful” for each product type (e-cigarettes, 34.4% versus 
27.9%; snus, 10.2% versus 4.7%; other SLT, 11.4% versus 5.2%). 
Claim exposure was also significantly higher among smokers who re-
ported exposure to tobacco advertising at the point of sale in the past 
12 months versus those who did not (e-cigarettes, AOR = 2.1; snus, 
AOR = 1.6; other SLT, AOR = 1.9). Receiving product-specific dis-
counts or coupons was also associated with greater odds for noticing 
MRTP claims for e-cigarettes and SLT (AOR = 2.1).

Product Use Likelihood
Among smokers who reported noticing MRTP claims for e-cigarettes, 
snus, and other SLT, the percentage who indicated they would 
likely use these “less harmful” products was similar—e-cigarettes 
(25.1%), snus (27.6%), and other SLT (25.7%) (Supplementary 
Table S2). Use likelihood did not significantly vary by age or race/
ethnicity and was significantly higher for males versus females for 
snus only (AOR = 2.2). The reported prevalence and odds of like-
lihood of using snus (AOR = 2.7) and other SLT (AOR = 3.1) with 
“less harmful” claims were significantly higher among lesbian, gay 
or bi-sexual (LGB) smokers versus straight smokers.

Not surprisingly the prevalence and odds of being “likely to use” 
one of these products were higher among current smokers who al-
ready used these products, with the highest likelihood reported for 
e-cigarettes (AOR  =  8.1), followed by snus (AOR  =  2.3). Among 
smokers who noticed a claim, the prevalence of “likely to use” re-
sponses for each product was also significantly higher among those 
smokers who thought the product was less harmful than smoking 
versus equally or more harmful than smoking.

Discussion

This study of adult smokers in the United States found that, prior to 
any FDA authorization for the use of MRTP claims, few reported ex-
posure to “less harmful” claims for snus or other SLT products, while 
almost 30% of smokers reported seeing such claims for e-cigarettes. 

Among smokers who did notice such claims, the proportion who 
said they would likely use these “less harmful” e-cigarettes, snus, or 
other smokeless products was similar (25%–28%).

This study also found that modified risk claim exposure was more 
prevalent among those with perceptions that those products are less 
harmful than smoking. As a cross-sectional study, it is not clear if 
these lower harm perceptions may have been influenced by MRTP 
message exposure, or if existing lower harm perceptions about these 
products made respondents more attuned to messages perceived as 
consistent with their existing beliefs. However, we found that over a 
quarter of smokers who do not believe e-cigarettes are less harmful 
still reported seeing e-cigarettes claiming to be “less harmful.” This 
suggests these reported exposures cannot be fully explained by ex-
isting beliefs.

The difference in exposure to perceived MRTP claims for 
e-cigarettes versus snus and other SLT products may potentially be 
due in part to differences in their marketing. Previous analyses of 
e-cigarette marketing sources have documented their (unauthorized) 
use of implied and explicit modified risk messages.20,21 However, 
participants may have also considered messages from nonindustry 
sources in their responses, such as friends, social media posts, or the 
press, which has notably focused more on e-cigarettes than SLT.22,23 
In contrast, smokers’ low existing exposure to “less harmful” claims 
for snus and other SLT are consistent with a general lack of aware-
ness about the relative harms of these products compared with 
cigarettes.6,7

Ultimately, smokers’ potential for tobacco harm reduction de-
pends on whether they completely switch to lower harm products. 
We found that some smokers exposed to less harmful messages 
for e-cigarettes, snus, and other SLT were also interested in using 
these products in the future. Given that most of these smokers were 
already co-using cigarettes and the alternative product, it is im-
portant that future MRTP communications make clear that harm 
reduction is conditional on complete product switching, not dual 
product use.24

Study limitations include reliance on a self-reported measure of 
claim exposure which may have been interpreted in variable ways, 
including communication from nonindustry sources. Analyses were 
also limited to current smokers. Future research should also con-
sider claim exposure among nonsmokers (including young adults 
and former smokers) and, importantly, whether this translates into 
product uptake among these groups.

In conclusion, this baseline study found that smokers in the 
United States more frequently report exposure to modified risk 
claims for e-cigarettes than for snus or SLT, prior to any FDA author-
ization for such claims. Exposure to such claims may motivate some 
smokers to use these lower harm products. Future research should 
continue to examine perceived exposure to MRTP messages as the 
US tobacco regulatory landscape and MRTP marketing evolves.

Supplementary Material
A Contributorship Form detailing each author’s specific involvement with this 
content, as well as any supplementary data, are available online at https://
academic.oup.com/ntr.
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Summary of Consumer Contacts (Adverse Experiences) 

Product General Dry Mint Portion Original Mini 
SKU Number 4800 

FDA Tracking Number PM0000011 
Reporting Period October 1, 2019 to September 30, 2020 
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Detail for Consumer Contacts (Adverse Experiences) 

 

Product General Dry Mint Portion Original Mini 
SKU Number 4800 

FDA Tracking Number PM0000011 
Reporting Period October 1, 2019 to September 30, 2020 
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Product:  General Dry Mint Potions Original Mini
SKU Number: 4800
FDA Tracking Number: PM0000011
Reporting Period: 10/1/2019 to 9/30/2020

Summary of Total US Distribution (Cans) by US Census Region and Retail Markets and Channels (Units)

Summary of Total US Distribution (Lbs) by US Census Region and Retail Markets and Channels (Volume)

Summary of Total US Sales by US Census Region and Retail Markets and Channels (US Dollars)
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ATTACHMENT 4A.2020-PM0000011 (page 1 of 1)

Deviation 
Number

Type of Manufacturing 
Deviation

Production Date
(YYYY-MM-DD)

Description of Deviation Design Feature
Deviation May Affect the 

Characteristics of the 
Final Product  (Yes/No)

Product With Deviation 
Distributed at Retail Level 

(Yes/No)

--- --- --- --- --- --- ---

Justification; why product that reached retail would not affect public health
---

--- = Not applicable.

Reporting Period: October 1, 2019 to September 30, 2020

No manufacturing deviations to report.

Summary of All Manufacuring Deviations

Product: General Dry Mint Portion Original Mini
SKU Number: 4800

FDA Tracking number: PM0000011
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Print and Digital Advertising                         (Consumer & Trade)

CATEGORY: SNUS

BRAND:  GENERAL

2019 – 2020 Annual Report
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CONSUMER PRINT ADVERTISING
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Wall Street Journal Print Ad: February 2020
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REDACT Agency & Table Data





















Adults 25 years of age or older
1st Party data only

Wall Street Journal Print Ad Performance: 3/9/20 – 4/9/20
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REDACT Agency & Table Data





Freeskier Ski the South Print Ad – Spread (Oct. 2019)
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SMM Winter Program Print Ad – Spread (Oct. 2019)
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CONSUMER DIGITAL MEDIA





SMM Winter Program Digital Ad (Oct. 2019)
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970 x 250





SMM Winter Program Digital Ad (Oct. 2019)
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300 x 250





SMM Winter Program Digital Ad (Oct.2019)
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320 x 50





SMM Winter Program Digital Ad (Oct.2019)
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600 x 100





SMM Winter Program Digital Ad (Oct. 2019)
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300 x 600





SMM Winter Program Digital Ad (Oct. 2019)
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728 x 90





SMM Winter Program Digital Ad (Oct. 2019)
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920 x 250







Havas – Digital Advertising Q1 2020 Media Plan and Results

Distribution by region:

Impressions

Central: 14.3%

East: 28.5%

Midwest: 33.9%

South: 22.9%

Distribution by region:

Clicks

Central: 13.4%

East: 28.1%

Midwest: 34.6%

South: 23.8%
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REDACT WHOLE PAGE





General Snus Q1 Digital Ad Domain List                (where General Snus ads appeared)

See file:
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GENERAL DIGITAL BANNER ADS – 300 X 250 –March 2020 - GIF
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Frame 1					Frame 2





Frame 3				         Frame 4





See file:







GENERAL DIGITAL BANNER ADS –300 X 600 – March 2020 - GIF
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Frame 1		               Frame 2	                      Frame 3			Frame 4









See file:







GENERAL DIGITAL BANNER ADS –728 X 90 – March 2020 GIF
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Frame 1	

			











Frame 2





See file:







GENERAL DIGITAL BANNER ADS – 970 X 250 – March 2020 GIF
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Frame 2





See file:







GENERAL DIGITAL BANNER ADS – 1600 X 400 – March 2020 GIF
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Frame 1	

			













Frame 2





See file:







GENERAL DIGITAL BANNER ADS – 160 x 600 – March 2020 GIF
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     Frame 1			Frame 2

See file:







GENERAL DIGITAL BANNER ADS – 800 x 120 – March 2020 GIF
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Frame 1 











Frame 2













Frame 3

See file:







GENERAL DIGITAL BANNER ADS – 640 x 400 – March 2020 GIF
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Frame 4

See file:







Wall Street Journal Digital Ads  – January 2020

















See file:
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Frame 1                       Frame 2	                   Frame 3                Frame 4













Frame 1

Frame 2





See file:

See file:





Nordic Reach Ads – Published Q2-3 2019
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4.15” x 10.5”

8.5” x 2.5”

8.5” x 2.5”







Nordic Reach Ads  – Published Q1 2020
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4.15” x 10.5”



10.5” x 5.5”







Nordic Reach Ads - 8.5 X 2.5 – Published Q3 2020
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Nordic Reach Ads – 4.15 X 10.5 – Published Q3 2020
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Nordic Reach Ads – 10.5 X 5.5 – Published Q3 2020
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Havas – Digital Advertising Q3 & Q4 2020 Media Plan

Target States:
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General Snus Q2 & Q3 Digital Ad Domain List (where General Snus ads appeared)

See file:
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General Snus Q2 Digital Ad Performance to Date
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General Banner Ads – 160x600 - Live August 2020
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General Banner Ads – 300x250 - Live August 2020
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General Banner Ads – 300x600 - Live August 2020





36





General Banner Ads – 300x600 - Live August 2020
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General Banner Ads – 320x50 - Live August 2020
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General Banner Ads – 728x90 - Live August 2020
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General Banner Ads – 160x600 - Live August 2020
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General Banner Ads – 300x250 - Live August 2020
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General Banner Ads – 300x600 - Live August 2020
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General Banner Ads – 300x600 - Live August 2020
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General Banner Ads – 320x50 - Live August 2020



44





General Banner Ads – 728x90 – Live August 2020
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General Banner Ads – 160x600 - Live August 2020





46





General Banner Ads – 300x250 - Live August 2020
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General Banner Ads – 300x600 - Live August 2020
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General Banner Ads – 320x50 - Live August 2020



49





General Banner Ads – 728x90 - Live August 2020
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General Native Ads – 600x600 - Live August 2020
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General Native Ads – 800x600 - Live August 2020
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General Native Ads – 1200x628 - Live August 2020
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General Native Ads – 600x600 - Live August 2020
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General Native Ads – 800x600 - Live August 2020
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General Native Ads – 1200x628- Live August 2020 
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General Native Ads – 600x600 - Live August 2020
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General Native Ads – 800x600 - Live August 2020
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General Native Ads – 1200x628 - Live August 2020
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Nordic Reach Digital Ads Q1-Q4 2020





60













Nordic Reach Digital Ads Q1 – Q4 2020

8.5 x 2.5
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Same copy on both ads





CONVENIENCE STORE TRADE ADVERTISING
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NATIONAL ASSOCIATION CONVENIENCE STORES (NACS)               TRADE PRINT ADVERTISING: Live August 2020
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CONVENIENCE STORE TRADE DIGITAL ADVERTISING:                        Live August 2020 – same art used across all Trade Publications
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Mint Top & Side Label Color Proof
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Mint Top & Side Label Color Proof
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Mint Top & Side Label Gloss Varnish Plate Proof
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Mint Top & Side Label Matte Varnish Plate Proof
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Mint Can – Bottom Label Proof
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Mini Mint – Top & Side Label Proof
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Mini Mint Top & Side Label – Color Proof
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Mini Mint Top & Side Label – Gloss Varnish Plate Proof
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Mini Mint Top & Side Label – Matte Varnish Plate Proof
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Mini Mint – Bottom Label Proof
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Original - Top & Side Label Proof
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Original - Top & Side Label Color Proof
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Original - Top & Side Label – Gloss Varnish Plate Proof
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Original - Top & Side Label – Matte Varnish Plate Proof
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Original - Bottom Label Proof
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White – Top and Side Label Proof
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White – Top & Side Label – Color Proof
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White – Top & Side Label – Gloss Varnish Plate Proof
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White – Top & Side Label – Matte Varnish Plate Proof
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White – Bottom Label Proof
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Wintergreen – Top & Side Label Proof
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Wintergreen – Top & Side Label Color Proof
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Wintergreen – Top & Side Label – Gloss Varnish Plate Proof
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Wintergreen – Top & Side Label – Matte Varnish Plate Proof
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Wintergreen – Bottom Label Proof
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