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Abstract

Introduction: The number and variety of alternative tobacco and nicotine products that can potentially provide reduced-risk choices for cigarette
smokers who switch completely to such products instead of continued smoking have grown substantially in the past decade. Innovation and
choice are likely to improve the prospects of smokers making the switch, but this provides challenges to regulators and manufacturers to ensure
that changes to regulations and products promote and do not hinder contributions to tobacco harm reduction.

Aims and Methods: This paper looks at where bridging data sets for tobacco heating products, closed system vaping products, and oral nico-
tine products might enable innovation while protecting the interests of consumers.

Results: \We review product data from chemical studies and a toxicological study showing how bridging can be applied and consider what
product development changes might allow bridging from existing datasets or trigger the need for new ones.

Conclusions: Bridging across specific product ranges can increase the speed of innovation, foster competition, and limit the burden of assess-
ment for regulators while maintaining product safety and quality.

Implications: Bridging partial data sets is an established practice within other industries, that aims to improve efficiency with regulatory ap-
provals, accepts natural product variation, and supports product innovation. We review product data from chemical studies and a toxicological
study showing how bridging can be applied and consider what product development changes might allow bridging from existing datasets or
trigger the need for new ones. This in turn can increase the speed of innovation, foster competition, and limit the burden of assessment for
regulators while maintaining product safety and quality.

Introduction medium-sized enterprises, as well as multinational compan-
ies, have improved the products, and the rate of innovation
continues to increase as more companies enter into the field
of alternative tobacco and nicotine products.®’

The concept of tobacco heating products (THPs) (known
originally as heat-not-burn tobacco products) as a way to re-
duce toxicant generation was introduced in the 1980s® but
was unsuccessful with smokers.>!® Technological advances
in micro-electronics and batteries have made THPs more re-
cently potential alternatives to cigarettes, and this new gen-
eration of products are found in a wide range of product
designs and temperatures applied to the tobacco, but with a
common design feature of not having self-sustained exother-
mic combustion of the tobacco.!

The very recent introduction of oral nicotine products
(NPs) as an alternative to cigarette smoking has seen a rapid
adoption particularly in some countries with a tradition of
oral tobacco use being seen as “less harmful” than tobacco
products.'?

Regulators are rightly cautious about the introduction
of new tobacco and nicotine products because there are no
long-term epidemiology data indicating what risks they may
carry and whether they may serve as initiators of cigarette

Alternative tobacco and nicotine products offer an opportun-
ity to substantially change the projected public health impact
of cigarette smoking, but only if the products are demonstrated
to reduce risk substantially as compared to continued smok-
ing and are good enough to provide smokers a satisfactory
complete alternative to smoking conventional cigarettes.!?
Changes in the population dynamics of tobacco and nico-
tine product use have been seen in some countries since the
introduction of electronic nicotine delivery systems (ENDS),
particularly vaping products,® as was seen in Sweden with in-
creased use of snus decades ago.* This change has perhaps
been most notable in the United Kingdom, where a consid-
erable number of smokers have switched entirely to vaping,’
this is likely to be in part due to strong public health sup-
port in this country for tobacco harm reduction approaches.
Unlike snus, early versions of vaping devices were relatively
complicated and posed a variety of barriers to adoption by
smokers. A study by McKegany and Dickson looking at why
more smokers had not switched to e-cigarettes found that
many smokers disliked the technology, the chemical nature
of the e-liquids, and the complexity of the devices.” However,
innovation in formats, devices, and flavors, from small and
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smoking.!® Moreover, nicotine is addictive and any product
that serves as an alternative for smokers will likely deliver
similar amounts of nicotine as cigarettes.'*!* Some regulators
do not accept the need for alternative products, believing
that traditional tobacco control methods are working suffi-
ciently to reduce smoking rates, while others believe a harm
reduction approach including introduction of alternative con-
sumer products would accelerate goals of reducing projected
tobacco-related mortality and morbidity. This has led to
wide-ranging regulatory environments, from prohibition to
product restrictions (eg, nicotine content and ingredients)
to the introduction of product standards that define
categories.’ As the eighth report of the WHO Study Group on
Tobacco Product Regulation noted, regulatory approaches to
the alternatives are very diverse between countries.'

The challenge for any regulator that wishes to encourage
smokers to switch from smoking to alternative products,
and particularly with ENDS, is the very large set of diverse
products that have been placed on the market. The US FDA’s
Center for Tobacco Products has had to evaluate millions of
individual products following regulations that deemed ENDS
to be tobacco products under their jurisdiction.'” Even in
Europe, where regulations on ENDs were developed some
years ago, regulators have to deal with thousands of noti-
fications each year.'® There is a need to set approaches that
protect the interests of consumers, public health, particularly
with respect to the under-age use of these products, and the
environment while allowing innovation to accelerate reduc-
tions in cigarette smoking.

There are, of course, also advantages to manufacturers, es-
pecially small- to medium-size enterprises, to ensuring that
only essential data needs to be collected and submitted to
regulators in terms of cost and time, for example, FDA has
estimated between $117 000 and $466 000 per pre-market
tobacco product application."

In this paper, we look at general regulatory approaches to
create these balances and consider how regulations are cur-
rently applied in the context of alternative tobacco and nico-
tine products. The concept of “bridging”—the partial reading
across of data sets from an original product to another new
but similar product variant—is well established within other
industries,?**? and we consider what product development
changes in THPs, closed system vaping products (CSVPs) and
NPs might be suitable for bridging from existing datasets or
trigger the need for new datasets.

General Approaches to Data Bridging in
Consumer Products

There are various reasons why regulators would allow busi-
nesses to provide data on modifications of a product without
requiring full data packages for each modification. These in-
clude improving efficiency in line with regulatory approvals,
accepting natural variation in some products, ensuring that
innovation that improves products is encouraged and redu-
cing costs to businesses.

The reasons that businesses are driven towards reading
across from one dataset to another and using weight-of-
evidence approaches to risk assessment are the trends over
the past decade of consumers demanding more choice and the
responsively increasing speed of innovation.

For sectors that have highly specific sets of regulation (eg,
cosmetics), societal factors, such as the need to reduce animal
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testing, might drive the need for read-across and weight-of-
evidence approaches. The EU regulations for cosmetic prod-
ucts state, “The safety of finished cosmetic products can al-
ready be ensured based on knowledge of the safety of the
ingredients that they contain. Provisions prohibiting animal
testing of finished cosmetic products should therefore be laid
down. The application, in particular by small- and medium-
sized enterprises, of both test methods and assessment
procedures for relevant available data, including the use of
read-across and weight-of-evidence approaches, which do not
involve the use of animals for assessing the safety of finished
cosmetic products could be facilitated by Commission guide-
lines.”?

In other sectors, regulators accept that scientific data per-
taining to specific products will have some variability because
of natural variation in the products. For example, EU regula-
tions on the tolerances for nutritional labeling of foods note,
“The declared values should, according to the individual case,
be average values based on the manufacturer’s analysis of the
food; a calculation from the known or actual average values
of the ingredients used, or a calculation from generally estab-
lished and accepted data.”*

Depending on the product category, combined approaches
are often taken to ensure product safety and quality, consumer
protection, and the ability of consumers to make informed
and meaningful choices (Panel 1). Regulatory assessment may
sit as part of a more holistic regulatory environment in which
regulators may perform assessments for a fee and manufac-
turers are required to apply warnings and restrictions (eg, on
age and marketing).

General Approaches to Data Bridging in
Tobacco and Nicotine Consumer Products

For the products that are the focus of this paper—THPs,
CSVPs, and NPs—there are evolving regulatory approaches
based on their similarities to and differences from traditional
tobacco products, their potential impact on population health,
the diversity of products available, public health views on to-
bacco harm reduction, and the potential for these products
to reduce projected tobacco-related mortality and morbidity.
A report from the WHO Study Group on Tobacco Product
Regulation reviews both data and regulatory approaches on
THPs and ENDS and makes recommendations for future ap-
proaches but does not tackle specifics of data bridging in no-
tification of products.'®

Currently, the most common of these alternatives to smok-
ing, in terms of geographical and societal uptake, is vaping
products. The British Standards Institution (BSI) was the first
to publish a guideline on production and testing of e-cigarettes
in the vaping product category in 2015. This guide, which
was developed as a consensus standard at around the same
time as EU legislation on vaping products was introduced,
stated that its purpose was to help businesses, regulators, and
consumers. The BSI guideline sets out a requirement on manu-
facturers to maintain the safety and quality of their products
and demonstrate this to regulators, including through ensur-
ing purity of ingredients and measuring potential contamin-
ants from device materials, potential emissions from device
operation, and safety of batteries. The guidance also recom-
mends that toxicological assessments should be carried out by
a competent person to determine whether additional testing
is needed for similar products within a range over that per-
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formed on the original product or whether a read-across of
results would be appropriate. For example, emissions should
be tested proportionately against those from a representa-
tive product and a risk-based compliance check used to jus-
tify the read-across of the results. A substantial modification
to a product requiring a new data set could include, for ex-
ample, toxicologically significant increases to an ingredient or
changes in nicotine concentration greater than 15%.

In 2016, the Medicines and Healthcare products Regulatory
Authority (MHRA) became the competent authority on
vaping products in the United Kingdom. In its guidance to
manufacturers wishing to submit data prior to marketing
products, it makes clear that bridging is both possible and
appropriate.'*?* For example, if a range of nicotine strengths
is used, it may be sufficient to test only the highest; if a prod-
uct is to be sold with a range of options, companies may rely
upon data generated from a representative sample and justify
choices; or companies may be able to rely on data generated
on a subset of flavor or product options on a risk-based basis.

THPs have less of a geographical footprint than CSVPs but
have become particularly common in some countries where
the latter are greatly restricted, including Japan and South
Korea. Under the current EU Tobacco Product Directive,
THPs are included in the category Novel Tobacco Products.
As with CSVPs and NPs, there is a requirement for notifica-
tion to the competent authority 6 months prior to marketing,
which should provide a range of scientific and consumer
behavior information related to the product. Whether and
which data sets may be bridged under applicable regulations
is less clear for THPs than for CSVPs, although progress has
been made on product standards, including scientific tests to
determine that the product does not create combustion.?”

NPs from reputable manufacturers contain food qual-
ity flavors and pharmaceutical-grade nicotine in a matrix of
microcrystalline cellulose contained in a fleece pouch. These
products are relatively new to market. As they are neither
tobacco products nor medicinal products, regulatory ap-
proaches have varied. NP standards are evolving, and cur-
rently include voluntary industry codes and technical prod-
uct standards to ensure the governance of product safety
and quality, including limiting of nicotine content and that
nicotine and other ingredients meet pharmaceutical and food
quality standards, respectively.?$?

Scientific Principles for Deciding Whether
Product Changes are Substantial or May
be Bridged

Closed System Vaping Products

Data for a stable on-market CSVP should be amenable to
bridging for a range of nicotine strengths and flavors if a tech-
nical dossier has been produced for a product in the range
that has the highest nicotine strength and is compliant with
applicable emissions and ingredients regulations and stand-
ards. However, consideration should be given to whether
consumer behavior is different at lower nicotine strengths as
compared to higher nicotine strengths. In cigarettes, it was
found that smokers switching from higher to lower tar and
nicotine products as measured by standardized machine
smoking could “compensate” for the lower tar and nicotine
by puffing harder or more frequently, with the consequence
of a greater toxicant exposure than would have been ex-
pected from the testing regime.’® Some research suggests that
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some compensatory behavior may occur with lower nicotine
strengths e-liquids and fixed rather than adjustable power de-
vices®! and if evidence for such compensation happening then
perhaps both highest and lowest strength nicotine liquids
should be tested.

Further protection for regulatory interests in some coun-
tries (including the EU) is provided in the requirements to
report any adverse events experienced by consumers for any
product on the market (whether supported by original or
bridged data). In Europe, for vaping products, the system is
the European Union Rapid Information system (EURapex),
which separates vaping products from tobacco and phar-
maceuticals® and in the United Kingdom, the MHRA runs
a Yellow card scheme for the reporting of any suspected ad-
verse events.*?

CSVPs come in two parts: first, a device that contains a re-
chargeable battery and the micro-electronics that control bat-
tery usage and supply of power to the heating technology and
provide various protections to ensure against overheating;
second a consumable cartridge/pod that contains an e-liquid
(typically comprising vegetable glycerin and propylene gly-
col and flavors, with or without nicotine) and the wick and
coil, which take up and heat the e-liquid to generate the aero-
sol. The system parts are designed together to ensure effi-
cient power management and consistent aerosol production
throughout the lifetime of the consumable.

All CSVPs should produce substantially lower levels of toxi-
cants than cigarette smoke and incrementally changed prod-
ucts should be amenable to data bridging as long as changes
do not: alter the risk of overheating, which could potentially
cause thermal degradation of humectants and flavors and gen-
erate additional toxicants; use flavors other than those chosen
for thermal stability at normal operating temperatures and
lack of toxicological impact; or, unfavorably alter the design
limits, emissions of metals and interactions between e-liquids
and the device. Avoidance of these undesired alterations in
performance may be achieved, respectively, by efficient wick-
ing and micro-electronic protections, adhering to regulatory
lists of prohibited ingredients,** and requirements to disclose
and continue to adhere to metal emissions indicated in the
original technical dossier.

For example, in an analysis of one CSVP system conducted by
our researchers with different nicotine strengths and flavors,'s%
consistent emissions were shown across products for the WHO
Study Group on Tobacco Product Regulation toxicants (TobReg
9)% and additional toxicants required to be reported to the UK
MHRA (Table 1).2¢ As the WHO Study Group on Tobacco
Product Regulation noted'® “An ENDS that is truly a ‘closed
system’ does not allow the user to alter any of the elements of
the device or liquid that influence nicotine yield, e.g. battery volt-
age, coil resistance, and liquid nicotine concentration; it may also
limit user puffing behaviour” though this may not hold true for
other types of vaping products such as open systems.

Table 1 provides data that show that emissions were lower
in the fourth-generation CSVPs than in the third-generation
product for analytes sensitive to thermal degradation
(formaldehyde, acetaldehyde, and acrolein). Despite the
fourth-generation product having higher power, more effi-
cient wicking and micro-electronic controls that reduced the
risk of overheating, these analytes were reduced. All other
TobReg 9 analytes were either below limits of detection or
quantification. Metal emissions for the CSVPs did not differ
statistically from air blanks.
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Substantial modifications to a CSVP that could trigger the
need for additional data would include changes to the way
in which the aerosol is created (eg, a variation in wicking
system or an increase in power) that might increase toxicant
emissions; introduction of new ingredients for which thermal
stability or toxicological properties in unheated and heated
forms have not been assessed or that might affect degradation
of metals in the coil; and increase in the amount of nicotine
delivered per puff compared to the nicotine strength of the
original product.

Tobacco Heating Products

Innovation in THPs has been relatively rapid, in terms of both
device and consumable format and the way in which the to-
bacco consumable is heated. The design principles behind
THPs are to take specially treated tobacco, typically wrapped
in paper to form a rod, and place it in a device that heats it.
Humectants in the tobacco rod contribute to an aerosol con-
taining nicotine and flavors.’”

THPs typically heat tobacco to temperatures less than
350°C, which is sufficient to release the aerosol but avoids
combustion. Thus, the production of high levels of multiple
toxicants formed by burning cigarettes, which reach tem-
peratures of around 900°C at the peak of the puff, is also
avoided. The toxicant profile of THP aerosol is much lower
than that of cigarette smoke because many toxicants (eg, car-
bon monoxide, benzene, and 1,3-butadiene) are either not
formed at all or only in trace amounts at the lower temperat-
ures. Those that are formed (eg, tobacco-specific nitrosamines
[TSNAs]) are typically emitted at far lower levels than in cig-
arette smoke.*®

Although the principles of heating but not burning the to-
bacco remains similar across different brands of devices, the
device formats, methods of heating, and timings of heating
differ. All devices contain rechargeable batteries that provide
power. Heat sources are either thin-film resistance or induc-
tion and micro-electronic controllers create heating profiles
that work with the specific tobacco consumable used. The for-
mats and flavors of the consumable tobacco rods also vary, be-
tween and within manufacturers. The rods can vary in length
and diameter, and ranges of flavors and nicotine strengths are
available, but vary to a lesser extent than with CSVPs.

Despite the variability, if the principle of heating and not
burning the tobacco is maintained and scientific scrutiny is
applied to the flavors used, toxicant profiles of various brands
of THPs are all likely to be substantially reduced compared to
cigarette smoke. Table 2 presents analytical data on percent-
age reductions in toxicants from four versions of the same
brand of THP compared to cigarette smoke. All have been
commercial products in Japan or Korea, and the testing was
done using the same tobacco consumable, which was com-
mercially available in Korea. THP1-3, despite different exter-
nal appearances (size and weight), are all internally operated
in a similar manner using thin-film resistance heating, which
heated to around 240°C in 40 s. THP4 used induction heat-
ing, allowing a much faster heating time of 20 s, and had a
boost function that allowed a higher temperature (maximum
280°C) to be reached in 10 s. The data generally showed simi-
lar percentage reductions across THP designs, with slightly
lower carbon monoxide reductions but slightly higher TSNA
reductions for THP4 in boost mode. This suggests that bridg-
ing would be relevant across the four products and three heat-
ing conditions.
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The BSI has published a specification for THPs that
should allow some data to be amenable to data bridging.?”
For example, changes that preserve the operating principle
of heating without combustion could be confirmed by the
very low levels of combustion markers, such as carbon mon-
oxide and nitrogen oxide. It is suggested that for a product
to be accepted as a THP it should have emission levels of
carbon monoxide less than 0.3 mg per 100 cm?, nitric oxide
less than 4 pg per 100 cm?®, and nitrogen oxides less than
5 ug per 100 cm?® under standardized analytical testing con-
ditions.'*?” Additional analytes, such as TSNAs, should also
be considered for such bridging purposes, as levels should
be substantially reduced in the absence of combustion, but
standardized analytical methodologies and tolerance ranges
remain to be defined. Ingredient selection should maintain the
principle of avoiding ingredients of toxicological concern in
unheated and heated form.

Substantial modifications that may require additional data
collection include changes in heating profile that cause tem-
peratures greater than those set for non-combustion (the limit
criteria for carbon monoxide and nitrogen oxide); the use of
a novel tobacco substrate with properties that could change
the toxicant profile; and the use of technologies that might
increase nicotine delivery to above that of a cigarette.

Nicotine Products

The design principles of NPs are simple. Each NP consists of
a fleece pouch that contains a matrix holding pharmaceutical-
grade nicotine and flavors, which are emitted steadily over
the time of use, and stabilizers. An NP is placed between the
upper lip and gum and typically left there for around 30 min
and then removed as an intact item.'?

Box 1: Summary of regulatory approaches to ensuring
product safety and quality

e Use general products safety approaches in manufacturing
and distribution, placing the burden on the manufacturer to
apply strong quality control and internal risk assessment ap-
proaches, to ensure that anything in the product does not
increase its inherent risks, and ensure strong recall proced-
ures.

e Use consensus standards produced under the guidance of
national, regional or international standardization organiza-
tions and developed with input from manufacturers, regu-
lators and other interested parties, such as public health
experts, to ensure a “level playing field” across businesses
in a given market, and to ensure any scientific information
produced is consistent and meaningful.

e Use product standards that determine certain product fea-
tures, set limits or prohibit the use of specific ingredients to
ensure that all products in a category reach certain stand-
ards.

e Set out what tolerances should be in place when products
are subject to natural variability.

e Specify what information is required by the regulator as no-
tification prior to placing a product on market or for seeking
approval to enter the market.

e Provide advice on what constitutes a substantial modifica-
tion to an existing product and requires additional data.
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Table 1. Emissions for Third- and Fourth-generation CSVPs Versus Combustible Cigarettes

Analyte Reference Epen2® 18 mg/ Epen3c18 mg/ Epen3c12 mg/mL!  Epen3c 18 mg/mL¢ Epen3¢ 30 mg/mL¢
cigarette IR6F* mLd BT® mLd BT® MBY, low BAs MB{, med BA# MBY, high BAs

Carbon monoxide 2892 <10.4 <10.4 <10.4 <10.4 <10.4

ng/puff

Formaldehyde 4.89 0.27 0.05 0.18 0.19 0.12

ng/puff

Acetaldehyde 159 0.23 <0.03 0.10 <0.03 0.03

ng/puff

Acrolein 14.5 0.35 <0.01 <0.01 <0.03 0.03

ng/puff

1,3 -butadiene 10.0 <0.02 <0.02 <0.02 <0.02 <0.02

ng/puff

Benzene 8.65 <0.003 <0.003 <0.003 <0.003 <0.003

ng/puff

Benzo(a)pyrene 1.7 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001

ng/puff

NNK 21.0 <0.00002 <0.00002 <0.00002 <0.00002 <0.00002

ng/puff

NNN 22.7 <0.00001 <0.00001 <0.00001 <0.00001 <0.00001

ng/puff

Aluminum NR*h NR NR 7.7 8.1 3.4

ng/puff

Chromium <0.51 NR 1.8 1.2 1.2 1.5

ng/puff

Iron 4.1 NR 2.7 1.3 1.9 4.6

ng/puff

Nickel <1.1 NR <2.2 <0.25 <2.2 <2.2

ng/puff

“University of Kentucky reference cigarette.
Third generation Epen CSVP.

‘Fourth Generation Epen CSVP.

dnicotine concentration in cartridge;

‘BT = blended tobacco flavor.

fMB = Masterblend tobacco flavor.

¢BA = benzoic acid as an ingredient.

"NR = not reported.

Table 2. Percentage Reductions? in Toxicants for THPs Versus Combustible Cigarettes

Analyte THP1—originalb ~ THP2—minic = THP3—nanod = THP4—proe basic function = THP4—pro with boost function!
Carbon monoxide ~ 99.5 99.5 99.5 99.4 98.4
Formaldehyde 97.3 97.5 97.5 95.6 95.0
Acetaldehyde 95.8 95.6 95.0 95.0 93.4
Acrolein 99.1 99.1 99.0 98.5 97.9
1,3-butadiene 99.9 99.9 99.9 99.9 99.9
Benzene 99.9 99.9 99.9 99.9 99.9
Benzo(a)pyrene 98.4 98.4 98.4 98.4 98.2
NNKe 97.2 96.6 96.5 97.3 98.2
NNNP 93.9 90.1 89.8 92.4 95.7

aPercentage reductions per stick compared with University of Kentucky 1R6F reference cigarette.

"Qriginal size, thin-film resistive heating, 40 s to first puff, 3.5 min heating at 240°C.

Smaller size, thin-film resistive heating, 40 s to first puff, 3.5 min heating at 240°C.

dSmallest size, thin-film resistive heating, 40 s to first puff, 3.5 min heating at 240°C.

‘Induction heating, 20 s to first puff, 4.0 min heating at 250°C.

Induction heating, 10 s to first puff, 3 min heating at 280°C (during boost), and then 260°C for a set time.

sNicotine-derived nitrosamine ketone.

"N-Nitrosonornicotine. All analytical chemistry was performed at Labstat, Kitchener, ON, Canada using Health Canada Intense smoking conditions with
vents unblocked for THPs.

NPs are a relatively newly introduced product range that has science is just beginning to be published on them. Although
become popular over the last couple of years in countries typ- NPs bear a strong resemblance to Swedish snus in terms of
ically with a history of oral tobacco use such as Sweden, and  the shape and size of the pouch and packaging and the way
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Table 3. Percentage Reductions? in Toxicant Emissions for Seven Variants of a Commercial NP Versus Cigarettes

Sample A B C D E F G
Nicotine level (mg) 4 4 7 10 10 15 20
Weight of pouch (g) 0.8 0.8 0.8 0.8 0.8 1 1.33
Base taste/top flavor complexity Scan/S® NScan/C¢ Scan/C¢ NScan/S¢ NScan/C¢ Scan/C¢ Scan/C¢
1,3-butadiene >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9
Acetaldehyde >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9
Acrolein >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9
Benzene >99.9 >99.9 >99.9 >99.9 >99.9 >99.9 >99.9
Benzo(a)pyrene 99.1 99.4 99.7 98.9 99.4 99.7 99.0
Formaldehyde 99.5 99.1 99.8 98.0 99.2 99.6 99.6
NNKf 99.7 99.7 99.7 99.7 99.7 99.7 99.7
NNNe 99.8 99.8 99.8 99.8 99.8 99.8 99.8

“Percentage reductions per pouch compared with University of Kentucky 1R6F reference cigarette.

"Scandinavian style taste (slightly salty) with a simple flavor mix (eg, mint).

“Non-Scandinavian style which is (less salty) with a complex flavor mix (eg, fruit or mint mix).

dScandinavian style taste with a complex flavor mix.
‘Non-Scandinavian style with a simple flavor mix.
Nicotine-derived nitrosamine ketone.
sN-Nitrosonornicotine.

that they are used by consumers, they contrast with regard to
ingredients. They contain no tobacco and have lower levels
of toxicants than snus and a toxicant profile closer to that of
nicotine replacement therapy products.’®*® Thus, much can
be drawn from the extensive chemical, toxicological, clinical,
and epidemiological studies of snus. Epidemiological studies
on snus show that its exclusive use results in substantially re-
duced health risks compared to smoking, including decreased
incidence of lung cancer, oral cancer, or other respiratory dis-
eases.*

A typical range of NPs within a brand and across brands
can include various nicotine strengths and flavors.'* Unlike
CSVPs and THPs, analytical chemical comparisons between
NP strengths and flavors are unlikely to differentiate vari-
ants and all NPs from reputable manufacturers can be ex-
pected to have very low toxicant levels (Table 3). Intake of
NP emissions through oral mucosa is qualitatively different
than absorption of cigarette smoke through inhalation into
the pulmonary system. As such, comparisons are more diffi-
cult between cigarette smoke emissions that will impact both
the oral cavity and respiratory airways and lung directly, and
NPs that are likely to only directly impact the oral mucosa
and other parts of the body indirectly through any systemic
exposure. However, NPs’ low level of toxicant emissions is
comparable and even lower than snus that delivers emissions
through the oral mucosa in an identical manner to NPs and
has been shown to confer greatly reduced relative risks of
disease as compared to conventional cigarettes.*

Rapid-throughput toxicological screening, using tech-
niques such as real-time cell analysis, may be helpful in
distinguishing between product variants. East et al?>** com-
pared the cytotoxicity of extracts for a range of NP nicotine
strengths (4-10.8 mg per pouch) and flavors, including mint
and fruit flavors, from a single manufacturer and compared
the data to values for snus. All nicotine strengths and flavors
were found to be non-cytotoxic in the acute exposure model,
similar to the reference snus product.

All NPs will produce substantially reduced toxicant emis-
sions compared to conventional cigarette smoke, which
suggests that data could be amenable to bridging if, for

example, the nicotine content and exposure levels do not
exceed those of Swedish snus (a limit of 20 mg nicotine
per pouch has been suggested), the nicotine and other in-
gredients meet pharmaceutical and food quality stand-
ards, respectively, prohibited substances and ingredients
are avoided, and any potential sensitizers or allergens are
clearly labeled.

A substantial modification to an NP that might require
additional data sets would most likely focus on nicotine de-
livery. Possible examples are the increased amount or speed of
nicotine released through changes in nicotine concentration,
formulation, and/or fleece barrier properties.

Conclusions

A successful tobacco harm reduction approach is likely to
accelerate the reduction in cigarette smoking incidence and
hence the long-term incidence of smoking-related mortality
and morbidity in the population. We believe that the term
“successful” combines strong regulatory approaches that
protect the interest of consumers and enable innovation
by manufacturers to maximize the potential of smokers
switching completely to reduced risk tobacco and nicotine
alternatives.

In regulatory frameworks that require notification of prod-
ucts, the use of internationally recognized product testing ap-
proaches, technical product standards, regulatory limits on
key ingredients, and active prohibition of other ingredients
could help enable bridging across specific product ranges.
This in turn can increase the speed of innovation, foster com-
petition, and limit the burden of assessment for regulators
while maintaining product safety (ie, minimizing any inherent
risks associated with the products) and quality.
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