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We have recently developed a Tobacco Heating Product (THP) comprising an electrical heating device,
commercially known as Glo™, and consumable tobacco rods, commercially known as Kent Neostiks™.
We refer to this system as THP1.0; Bright tobacco-flavoured variant THP1.0(T), or THP1.0(M) Menthol-
flavoured variant. In this issue, we present a series of seven pre-clinical studies conducted on
THP1.0,covering the following aspects of its design, development, safety and toxicological assessment,
and a paper on placing THPs on an emissions continuum.

© 2017 The Author. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Despite the known health risks, tobacco products continue to be
used on a global scale: there are currently an estimated 1 billion
smokers worldwide (WHO, 2016), and 5.8 trillion cigarettes were
consumed globally in 2014 (Eriksen et al., 2015).

The associations between cigarette smoking and human dis-
eases, such as cardiovascular disease, lung disease and cancer, are
well established (US DHHS, 2010; US DHHS, 2014). When a ciga-
rette is lit, the tobacco burns to form smoke containing more than
6500 compounds (Rodgman and Perfetti, 2013). Approximately 150
of these are thought to be toxicants (Fowles and Dybing, 2003),
some of which form through incomplete combustion and pyrolysis
of the tobacco (Baker, 2006). Indeed, most smoking-related dis-
eases are not caused by the addictive substance nicotine but by
these toxicants, which are present in the inhaled smoke (Farsalinos
and Le Houezec, 2015).

In 2001, the US Institute of Medicine (IOM) defined the concept
of harm reduction in tobacco use as “decreasing total morbidity and
mortality, without the complete elimination of tobacco and nico-
tine use” (Stratton et al., 2001). They also proposed the develop-
ment of potential reduced-exposure products (PREPs) d namely,
products that result in a substantial reduction in exposure to one or
more tobacco toxicants and provide nicotine in a “cleaner form”.
duct; NGP, next-generation
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Subsequently, McNeil and Munaf�o (2013) devised the concept of a
risk continuum for tobacco and nicotine products, with cigarettes
placed at the high-risk end of the continuum and nicotine
replacement therapy at the low-risk end.

The US Food and Drug Administration is currently the only na-
tional regulator to have provided a draft guidance document (FDA,
2012) outlining a framework to assess novel tobacco and nicotine
products as Modified Risk Tobacco Products (MRTPs), a term that
replaced the original IOM term of PREPs. Based on that draft
guidance, several groups (Berman et al., 2015; Breheny et al., 2017;
Murphy et al., 2017a; Poynton et al., 2017; Smith et al., 2016) have
proposed scientific assessment frameworks comprising pre-
clinical, clinical and population studies to assess the risk reduc-
tion potential of novel tobacco and nicotine products both at the
individual and population level.

Previously, British American Tobacco has examined several ap-
proaches in the development of reduced-exposure products
(Branton et al., 2009, 2011a, 2011b; Branton and Bradley, 2010;
Dittrich et al., 2014; Liu et al., 2011; McAdam et al., 2011), and
applied them in various combinations to produce reduced toxicant
prototype cigarettes (Combes et al., 2013; Dittrich et al., 2014;
McAdam et al., 2012; Proctor et al., 2011; Shepperd et al., 2013a,
2013b, 2015). While many of these technologies achieved some
toxicant reductions in pre-clinical assessment, clinical studies to
assess the level of biomarkers of exposure did not demonstrate
sufficient reductions to support their potential translation into
reduced health risks to the smoker. A key learning from those
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studies was that the relationship between emission, exposure and
risk is essential to assessing the risk profile of MRTPs relative to
cigarettes.

By contrast, next-generation products (NGPs), which heat rather
than combust the tobacco consumable or use liquids that contain
nicotine, have considerable potential to reduce the levels of toxi-
cants in emissions and subsequently the exposure and risk beyond
anything that could practically be achieved in a modified cigarette.
Today, there exist various NGP platforms, including electronic cig-
arettes, tobacco heating products (THPs) and hybrids. The first
commercial THP, Premier™ (R. J. Reynolds), was introduced in
1988, followed by Eclipse™ (R. J. Reynolds) and Accord™ (Philip
Morris) in the 1990s, Heat Bar™ (Philip Morris) in 2007, and iQOS™
(Philip Morris International) in 2016.

British American Tobacco has recently developed a THP
comprising an electrical heating device, commercially known as
Glo™, and consumable tobacco rods, commercially known as Kent
Neostiks™. We refer to this system as THP1.0; Bright tobacco-
flavoured variant (T), or THP1.0(M) Menthol-flavoured variant. In
this issue, we present a series of seven pre-clinical studies con-
ducted on THP1.0, covering the following aspects of its design,
development, safety and toxicological assessment, and a paper on
placing THPs on an emissions continuum.

� Part 2. Product design rationale and product stewardship con-
siderations, with evaluation of the main physical and chemical
processes underlying aerosol formation in THP1.0 (Eaton et al.,
2017).

� Part 3. Targeted chemical analyses of the levels of toxicant
emissions in THP1.0 aerosol and comparison with those in
Kentucky 3R4F (3R4F) reference mainstream cigarette smoke.
The comprehensive list of toxicants assessed was based on
known tobacco and cigarette smoke constituents as well as any
toxicants considered to form during tobacco heating (Forster
et al., 2017a).

� Part 4. Indoor air quality assessment, evaluating the levels of
toxicants emitted in the aerosol under controlled environmental
conditions when THP1.0 is used by regular smokers, coupled
with a novel sensory evaluation of residual tobacco odour in-
tensity on fingers, hair and fabric (Forster et al., 2017b).

� Part 5. Levels of nicotine, glycerol and selected volatile organic
constituents in the aerosol emissions of THP1.0 at multiple lo-
cations between the point of aerosol generation and the point of
aerosol exposure in in vitro biological assays to evaluate tissue
dosimetry (Jaunky et al., 2017).

� Part 6. Further in vitro assessments on the emissions of THP1.0
using contemporary screening approaches with eight different
biological endpoints (Taylor et al., 2017).

� Part 7. Comparison of responses in a range of regulatory toxi-
cological tests (Ames, NRU, MLA and Bhas) between the aerosol
emissions of THP1.0 and mainstream smoke from 3R4F (Thorne
et al., 2017).

� Part 8. Puffing topography results and mouth level exposure
among a group of Japanese consumers of THP1.0(T) or
THP1.0(M) and comparator products, providing a basis onwhich
to assess the machine-puffed emission data and in vitro toxi-
cological results (Gee et al., 2017).

� Part 9. Placement of a range of NGPs on the emissions spectrum
relative to cigarettes via a pre-clinical assessment of their
emissions (Murphy et al., 2017b).

This compendium describes THP1.0 and its operation, and pro-
vides a comprehensive pre-clinical assessment of its emissions and
the impact of these emissions on indoor air quality and on some
toxicological end points relative to a reference cigarette. These
studies suggest that THP1.0 has the potential to be a reduced risk
product relative to conventional cigarettes, but that further studies
will be needed to determine whether this potential is likely to be
realised. Ongoing work is focusing on clinical and population
studies assessing the exposure and risk profile of THP1.0 relative to
cigarettes that will be presented in future papers.
Transparency document

Transparency document related to this article can be found
online at https://doi.org/10.1016/j.yrtph.2017.09.010.
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