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Where once there was just 
a cigarette, there is now a 
rapidly expanding, diverse 
range of nicotine-delivery 

products offering consumers choices like 
never before.

This is the dynamic, evolving consumer 
and technology landscape in which we work. 
We are one of the world’s most successful 
businesses, and we will continue to be, 
because we have embraced this revolution. 
We recognise the power of technology and 
the fact that our consumers, like all mod-
ern consumers, want safe and satisfying 
solutions for their every need. We have fully 
engaged with the challenges this presents 
and transformed our R&D from one focused 
on a single plant-based product — the 
cigarette — to one focused on delivering 
multi-category consumer electronic-based 
offerings. Our transformed R&D brings 
together a powerful combination of skills 
that allows us to adeptly navigate the rapidly 
shifting technological landscape and emerge 
as a clear leader in nicotine delivery. 

To ensure we stay ahead of the curve, we 
have invested heavily in speeding up our 
ability to innovate and collaborate — discov-
ering early on what does and doesn’t work, 
rapidly developing and rigorously testing 
promising product solutions, while build-
ing the capabilities required for inventing 
and developing the products of the future.

A great deal of this is enabled by our 
Strategic Science & Technology unit. By har-
nessing an array of skills and technologies de-
veloped outside BAT, recruiting high-calibre 
R&D professionals from other sectors and 
taking an open and cooperative approach, 
we have radically adapted our approach to 
innovation. Our R&D programme is driven 
by the realisation that it is through consum-
er- and technology-driven disruption that 
we will transform the nicotine marketplace.

Our remarkable range of products al-
ready includes our Vype and Vuse  
e-cigarette product ranges and our flagship 
tobacco heating product glo, both of which 
produce considerably fewer harmful and 
potentially harmful chemical emissions 
than cigarette smoke. We have also suc-
cessfully launched a hybrid tobacco heating 
product, iFuse, which neatly integrates a 
section of real tobacco into the workings 
of an e-cigarette to give consumers a more 
authentic tobacco taste experience. 

We are constantly pushing the bound-
aries to develop more-advanced, bet-
ter-performing, appealing products to give 
consumers what they want. We are always 
on the lookout for the next game-changing 
technology. Our current pipeline includes 
a new-to-world technology that we believe 
will revolutionise vaping. We also have a 
new smokeless product called Epok that 
we believe represents a major innovation, 

 Transforming tobacco

and we have developed a new technolo-
gy platform that will allow us to extract 
flavour directly from the tobacco leaf.

At the same time, we are working hard to 
ensure that our products are fully character-
ised and as safe as possible. Our Consumer 
Product Safety scientists are world leaders. 
They have already created one of the world’s 
most comprehensive published set of scien-
tific results on a single e-cigarette for Vype 
ePen, thus laying the foundations for it to be 
demonstrated as potentially reduced risk.

Our long history of expertise in all as-
pects of nicotine and tobacco, coupled with 
our ability to rapidly innovate, prototype 
and market exciting new products for the 
nicotine consumer, is a potent mix that sets 
us apart and will enable us to make a real 
difference in realising the potential of tobac-
co harm reduction and our portfolio of next 
generation products. ☐

David O’Reilly 
Group Scientific and R&D Director

Our R&D programme is driven 

by the realisation that it is through 

consumer and technology-driven 

disruption that we will transform 

the nicotine marketplace.
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Chris Proctor Chief Scientific Officer

Our goal at British American 
Tobacco is to transform 
tobacco through inno-
vation, both by creating 
exciting new-to-world 

reduced risk tobacco and nicotine products 
and by completing the science to establish 
where these products sit on the risk con-
tinuum that stretches from the very high 
risks known to be associated with cigarette 
smoking to the much lower risks associat-
ed with nicotine replacement therapies.

From the perspective of identifying the 
long-term health risks associated with next 
generation tobacco and nicotine prod-
ucts (NGPs), there are two key challenges. 
The first is the speed of change with these 
products. Even in the relatively short time 
that vaping products have been available, 
the category has changed substantially 
in response to consumer demand, with 
more powerful devices and a wide range 
of e-liquids becoming available. And given 
that it is likely that vaping products will 
not be the answer for all current smok-
ers needs, we are also developing a range 
of tobacco heating products (THPs) and 

Research priorities
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innovative oral smokeless products. 
The second challenge is, in order to 

determine the potential health risks of 
these new product ranges, we need to take a 
multi-disciplinary scientific approach to their 
assessment. That includes classical chemical 
studies of known harmful chemicals to using 
novel analytical techniques to ensure we 
know whether any compounds are unique 
to the new products. As we prefer not to do 
animal studies, our pre-clinical toxicological 
group continues to push the boundaries of 
21st century toxicology by using techniques 
including human 3D tissues, systems biology 
and cutting-edge robotics. Studies of con-
sumer behaviour orient what doses we need 
to use in our toxicological studies, and we use 
chemistry to make sure the cells are getting 
the appropriate doses of vapour to make the 
tests relevant. Perhaps most exciting is our 
clinical programme, which currently includes 
a year-long study of smokers switched to 
either a THP, a vaping product or to total 
cessation, using biomarkers of biological 
effect to assess changes following the switch.

The two challenges merge through our 
efforts to bridge from one innovation to 

another. It is simply not practical to run 
our complete science framework on all 
variants in our product portfolio, and 
we know that by the time we complete a 
long-term clinical study, the products will 
have been innovated further. So, we will 
treat the long-term clinical studies as a 
foundational dataset and use chemistry and 
toxicology as our principle ways of bridg-
ing from that dataset to new products.                              

Over the past couple of years, we have also 
needed to expand our scientific approaches 
to look at other potential benefits of NGPs, 
such as reduced impact on indoor air quality 
and improved oral hygiene as compared to 
smoking. And we are 
exploring various meth-
odologies for post-market 
surveillance and popu-
lation modelling of the 
potential long-term effect 
of the new products.

It is an exciting scien-
tific programme with the potential of making 
a real difference to public health. But I am 
very conscious that there remains suspicion 
of manufacturers’ data acquired on their own 

products, and that this is multiplied in the 
case of tobacco. That is why we need to pub-
lish in peer-reviewed journals and be active 
in scientific societies and present our data. 
We had a record year in 2017 of publishing 
over 40 papers, most of which were on NGPs, 
including a series of nine papers on our THP 
glo. Science is essentially a collaborative 
effort, and we continue to seek partnerships 
to advance our science. This is perhaps most 
successful in the toxicological sciences, and 
I am really pleased to be part of the Adverse 
Outcomes Pathway (AOP) Wiki initiative 
working to define, with Philip Morris Inter-
national and Selventa, the adverse outcomes 

pathways for two smoking-related 
diseases. Science becomes established 
through independent verification of re-
sults. There are many published studies 
on e-cigarettes but far fewer on tobacco 
heating products.  Our funding of 
studies removes at least the perception 
of independence, but we are open to 

other ideas, from the supply of products to 
teach-ins on techniques, to encourage other 
researchers to add to the scientific assess-
ment of our next generation products. ☐

an exciting scientific 
programme with the 
potential of making 
a real difference 
to public health



4 BRITISH AMERICAN TOBACCO | SCIENCE AND TECHNOLOGY REPORT 2017/18



BRITISH AMERICAN TOBACCO | SCIENCE AND TECHNOLOGY REPORT 2017/18 5

Over the past 5 years, BAT 
has been transforming 
from a company manufac-
turing a single agricultural 
product into a multicate-

gory tobacco and nicotine company. The 
opportunity to create vapour and tobacco 
heating products has been opened up by 
advances in portable consumer electronics. 
These technologies are changing rapidly, 
and to make the most of adapting them 
to our next generation of products, we 
felt it was essential to dedicate a group to 
search for the next waves of technology.

With that in mind, we set up the 
Strategic Science & Technology (SS&T) 
unit some time ago, with a remit to ‘bring 
the future to life’. “Our aim is to keep BAT 
a step ahead of the curve, seeking out 
new technologies, consumer trends and 
business models, and providing options 
for the company going forward,” explains 
Phil Giesler, who set up the unit. Giesler 
joined BAT R&D from Unilever, where 
he had led category R&D and venture 
capital funds. “What attracted me to 
BAT is that, in an industry in the midst 
of momentous change, it needs to quite 
radically adapt its approach to innovation.”

OPEN INNOVATION
One of the ways our SS&T unit is helping 
transform BAT’s approach to innovation is 
by building new capabilities that embrace 
open innovation—looking externally to tap 
into bigger and better propositions. We are 
harnessing skills and technologies devel-
oped outside BAT, from leading universi-
ties and their spin-out businesses through 
to companies in very different sectors. 
Inhalation science, heating technology, 
integrated electronics, battery efficiencies, 
new materials, fluid dynamics, biotechnolo-
gy, manufacturing techniques and aesthetic 

design are just some of the rapidly evolving 
technologies and areas of research that 
form part of what we do now. Adopting 
advances developed elsewhere, such as new 
types of batteries from the mobile phone 
sector or aerosol delivery systems from 
the pharmaceutical industry, can greatly 
benefit us. “Our next generation products 
comprise an array of technologies—we 
realise we can’t do it all,” says Giesler. 
“Involving others can add great value.”

Recognising the need to build knowl-
edge and expertise within BAT by bringing 
in new skills from outside, we recently 
hired an electronic and electrical de-
sign engineer from Dyson, a leader in 
innovation from Proctor & Gamble and 
an expert in behavioural sciences from 
Nestlé. “The result is a broader mix of 
people with a wide-ranging skill set and 
with very different experience bases and 
approaches to innovation,” says Giesler.

One of these new recruits is Ed Forsdike, 
who now heads up SS&T. Forsdike built his 
early career at Proctor & Gamble, designing 
and innovating for well-known brands like 
Gillette and Braun, as well as for emerging 
markets, including India, China and Brazil. 
Although he had a bright future at Proctor 
& Gamble, Forsdike was attracted to BAT’s 
harm reduction mission. “I thought, ‘here’s 
a real opportunity to make a big difference 
from an innovation point of view—provid-
ing satisfying alternatives to smoking will 
make a big difference’,” he says. “I love BAT’s 
consumer-focused strategy, providing 
transparency of risks and offering a great 
range of products across the risk spectrum.”

“At the same time,” adds Forsdike, “it’s 
very exciting to be part of an industry 
that is transforming itself. Many com-
panies talk about disruptive innovation 
while hoping it’s not going to happen, but 
BAT is very different which is exciting.”

STRATEGIC SCIENCE & TECHNOLOGY 

Harnessing the  
power of innovation

Technology today is changing rapidly—
the cost of genome sequencing is falling 

exponentially, organs on chips are 
revolutionising toxicological testing and the 

possibility of storing clean energy in batteries 
is becoming reality. To ensure we stay ahead 
of the curve, we must harness this pace to our 
advantage in the rapidly developing vaping 
and tobacco heating business. Our Strategic 

Science & Technology unit is transforming 
BAT’s competitiveness and approach to 

innovation, keeping us ahead of the game.

QUICK FACTS
Nationalities in team 13
New invention submissions to BAT 126
Thursday treat club samosas eaten >1400
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Patrick Moloney, SS&T’s Electronics and 
Device Manager, agrees. “The challenge is to 
predict a world that doesn’t yet exist, and cre-
ate proposals that will resonate with evolving 
consumers,” he says. “We aim to challenge 
the status quo, both developing our own 
in-house technologies and keeping abreast 
of emerging technology in very different 
industries that would add value to exciting 
new harm reduction devices of the future.”

Moloney also recently joined BAT, after 
nearly 10 years at Dyson where he managed 
a New Product Innovation team of fast-
paced free thinkers whose primary goal was 
to conceive and develop the ‘next big thing’. 
“Whilst I enjoyed my time at Dyson, the 
products are mainstream consumer goods 
and don’t face the challenges that the tobacco 
industry has to contend with—at BAT I feel 
like I can make a meaningful difference.”

Although well aware of the negative image 
historically surrounding tobacco companies, 
Moloney wanted to be part of the solution, 
working in harm reduction and potentially 
reducing risk. “My experience of looking 
around BAT was not what I’d expected. The 
people I met were open, straight-talking, 
and friendly—it was refreshing actually,” says 
Moloney. “At BAT there is the same appetite 
for new devices [as at Dyson] and I face the 
same sort of fundamental engineering chal-
lenges, just with very different applications.” 

CORPORATE VENTURE CAPITAL
Constantly on the lookout for new capabili-
ties, the SS&T unit is engaging in corporate 
venture capital as an alternative funding 
model for innovation. We recently made a 
venture capital investment in China Material-
ia, a material sciences company involved in 
sourcing new technologies from the rapidly 
growing Chinese science and technology 
ecosystem. Although hoping for financial 
return on such deals, what will definitely be 
gained are strategic insights from accessing 
breakthrough technologies much earlier than 
would be possible otherwise, identification 
of future trends and development of key 
relationships in difficult-to-reach markets. 

“Opening our eyes to what’s out 
there will help us more rapidly devel-
op technology and business options for 
the company,” says Forsdike. “Our fu-
ture will be built by collaborations of all 
kinds, and we’re open for business.”

CONSUMER INSIGHTS
Investing in new technology and skills is 
crucial, but we firmly believe that this is 
not enough. So, we’ve been growing our 

consumer insight capability, aiming for a 
much deeper understanding of their be-
haviours, wants and needs. We’ve enhanced 
the consumer facilities at our R&D site in 
Southampton, where we are establishing 
new methods to involve consumers direct-
ly in our R&D work, ultimately aiming to 
give them new and satisfying experiences 
across the harm reduction spectrum.

Our sensory and technical analysis de-
partment is where we measure, analyse and 
interpret sensory responses to our products, 
using panels of trained and untrained (or 
“semi-naïve”) volunteers to assess products 
through sight, smell, taste, touch and hearing. 
“Fully understanding how the sensory expe-
rience of consumers drives interaction with 
our products is the key to truly unlocking 
next generation sustainable businesses,” 
says sensory scientist Jenni Hawke.

With sensory science acting as a crucial 
bridge between R&D and our consumers, 
we’ve made the effort to incorporate it into 
the early stages of product development, 
enabling us to adjust prototypes as we go to 
ensure that final products are attractive to 
and fully engage consumers. At the same 
time, to foster a faster-moving entrepreneur-
ial-type culture, we have converted one of 
our laboratories into an innovation space, 
which is a special area that allows people to 
experiment and build up early stage ideas 
and concepts. We are able to rapidly proto-
type new device designs and gain feedback 
from a panel of consumers. “With early stage 
R&D, we explore a wide range of options 
and need to make quick calls,” says Forsdike. 
“Large organisations can be slow moving, 
resulting in reduced R&D productivity or 
wasted investment. Creating this innovation 
space within our company gives us the agility 
we need in this now fast-moving industry.”

This move coupled with our decades 
of world-class experience in all aspects 
of tobacco, harm reduction and aerosol 
science creates a potent mix that sets us 
apart, explains Forsdike. “Bringing this 
all together gives us a powerful capability, 
enabling us to do things start-ups can’t do on 
their own,” he says. “An awesome legacy of 
expertise and our ability to rapidly prototype 
new devices and create new harm-reduced 
experiences is the magic we have at BAT.”

AIMS FOR THE FUTURE
 » Develop and refine consumer insight 

techniques.
 » Strengthen open innovation capability.
 » Unlock new innovation opportunities 

for R&D. ☐

to foster a faster-moving 

entrepreneurial-type culture, we have 

converted one of our laboratories 

into an innovation space, which is 

a special area that allows people 

to experiment and build up early 

stage ideas and concepts
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Tobacco (Nicotiana tabacum) 
was the first plant to be 
adapted for tissue culture 
and among the first to be 
genetically engineered, both 

of which made significant contributions to 
molecular plant biology. Today, potential 
applications in biofuel and biopharmaceu-
tical production have generated renewed 
interest in this plant. In order to explore 
these and other potential applications, 
improved genomic resources are critical. 
Unfortunately, progress has been hampered 
by the very large size of the tobacco ge-
nome (roughly 50% bigger than the human 
genome) and its highly complex nature: 
N. tabacum arose from the fusion of two 
different ancestral species (Nicotiana syl-
vestris and Nicotiana tomentosiformis). As 
a result, each cell contains a set of chro-
mosomes originating from each parent, 
and there is a great deal of repetition and 
duplication throughout the genome. 

RECENT PROGRESS
In collaboration with Lukas Mueller’s 
group at the Boyce Thompson Institute 
at Cornell University, New York, NY, 
USA, we created a new assembly of the 
N. tabacum genome by laying out (or 
“anchoring”) 64% of the genetic code onto 
chromosomes, dramatically improving its 
coherency and utility (see Figure 1, which 
shows, for each of the 24 chromosomes, 
the genetic origins of and the similarity 
between the two parental genomes).  

Although draft sequences of the 
tobacco genome were previously availa-
ble, their usefulness was limited because 
less than 20% of the genetic sequence 
was accurately placed on the 24 tobacco 
chromosomes, making it very difficult to 
link identified genes to particular traits. 
We tried a different approach to put the 

pieces of the genome together, using a 
new technology that enhances the utility 
of the optical mapping technique for large 
genomes. This involves marking specific 
sequence patterns in very long pieces of 
DNA to create barcoded DNA fragments. 
The barcode is then used as a template 
onto which the new assembly can be 
dropped and matched, a bit like complet-
ing a jigsaw on top of a trace of its picture. 
Using optical mapping alongside the 
more common method of next generation 
sequencing enabled us to anchor much 
more of the genome to tobacco chromo-
somes compared to previous assemblies.

“Assembly of the genome sequence was 
technically very difficult because the two 
parental genomes are very similar—in 
effect a bit like trying to put together a 
jigsaw puzzle showing a picture of very 
similar but non-identical twins,” says 
senior scientist Jennifer Bromley. “The 
sequence also contains a lot of repetition, 
making anchoring some areas like trying 
to complete a jigsaw puzzle of blue sky.”

Rather than keeping the method propri-
etary, BAT chose to publish these results in 
BMC Genomics1 and the sequence, along 
with tools that are important for interrogat-
ing this complex genome, is now available 
as a central resource for scientists around 
the world on the Solanaceae Genomics 
Network (https://solgenomics.net/). 

Using the genome to probe nitrogen use 
and utilisation. Although a  substantial 
step forward in understanding tobacco, 
generating this genomic roadmap was 
just the beginning. The challenge now 
is to use it to figure out the underlying 
genetic pathways within the tobacco plant 
and identify which genes are involved in 
determining reduced levels of toxicants or 
toxicant precursors in the leaf, increased 

PLANT BIOTECHNOLOGY 

Mining the tobacco 
genome

In 2017 we published a gold-standard 
assembly of the tobacco genome—a 

significant achievement given the genomic 
complexity of tobacco. A gold mine of 

information, we’re already using it to tailor 
and improve tobacco for our next generation 

products and answer broader plant science 
questions.

QUICK FACTS
base pairs defined 4,049,000,000
genes computationally annotated 69,500
genes manually corrected 1736
gardening gloves bought  64
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Figure 1. A Circos plot visualising the tobacco genome, showing the genetic 
contribution of each parental genome. The outer ring is the chromosomes reconstructed 
from anchoring sequence data to the genetic map. The green ring is a density plot 
showing where genes have been annotated; the blue ring shows whether the sequence 
is of N. sylvestris or “S” origin (the higher the coverage, the more likelihood that this 
sequence came from the maternal parent) whilst the red ring shows if the sequence is 
of N. tomentosiformis or “T” origin; the next ring in is a collapse of the T (red) and S 
(blue) origin density plots which shows whether we think the sequence is of T or S origin 
– coloured the same as the density plots; the innermost ring shows the physical pieces 
(known as scaffolds assembled through combining next generation sequencing and 
optical mapping data) of genetic data that were used to complete the genome. In total 
there are just over 2,000 pieces that make up this anchoring of 64% of the genome. 
The linkers that cross the centre of the plot show similarity (technically termed synteny) 
between the chromosomes assigned to the different parental origins. Since tobacco 
as a species arose recently in genetic terms (200,000 years ago), the number of the 
events where the T and S genomes have mixed (termed recombination) is low, so these 
linkers are rarely split. Equally, the genetic content of the two parental genomes remains 
relatively intact, providing a rich source of genes for breeding. 

yields and improved disease resistance. 
“By modifying these traits, not only can we 
change the characteristics of the tobacco 
leaf and start breeding plants with optimal 
traits for our potentially reduced risk prod-
ucts, we can also help our farmers grow 
tobacco more sustainably,” says Bromley.

We have already used the genome as-
sembly and associated genetic map to iden-
tify two mutated genes implicated in ni-
trogen use and utilisation in collaboration 
with Ramsey Lewis’ group at North Car-
olina State University, Raleigh, NC, USA. 
“Our increased understanding of these mu-
tant genes could lead to the development of 
novel tobacco cultivars that contain lower 
levels of carcinogenic compounds, for use 
in potentially reduced risk products, such 
as tobacco heating products,” says Bromley.

It has long been known that the Burley 
variety of tobacco is poor at utilising nitro-
gen, and the impact of this on its metabolism 
and growth means that as well as increased 
levels of nicotine and other alkaloids, the 
plant contains more nitrate, resulting in 
raised levels of carcinogenic tobacco-specific 
nitrosamines in its leaves during harvest-
ing and curing. When burnt in a cigarette, 

these compounds transfer to the smoke. 
“Different cultivars of Burley tobacco 

all share these two gene mutations, giving 
us a handle on why they differ from other 
tobaccos,” explains Allen Griffiths, Head 
of Plant Biotechnology. “We believe this 
represents the first successful map-based 
gene discovery for N. tabacum, and 
demonstrates the value of a high-quality 
genome assembly for future research.”

Nitrogen is essential for plant growth 
and many farmers add nitrogen-based 
fertilizers to crops to achieve good yields, 
but excess nitrogen can have adverse effects 
on the environment. Through helping to 
improve commercially important crops, 
discovery of these genes could ultimately 
reduce the need for chemical fertilizers.

Using the genome to understand flower-
ing timing. Using the genome assembly as 
a reference to identify genetic differences 
between different varieties of tobacco has 
the potential to breed new cultivars or 
varieties with improved characteristics for 
research and other applications. We are 
already using it this way to unravel a mys-
tery, at the molecular level, that has long 
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baffled plant biologists: why the Maryland 
Mammoth mutant variety of tobacco can 
only flower when the days are short (less 
than 14 hours of daylight). One of the 
ancestral parents of tobacco (N. sylvestris) 
flowers during long days and the other  
(N. tomentosiformis) when days are short. 
As a result, most varieties of cultivated 
tobacco can generally flower under any day 
length. “Maryland Mammoth, however, is 
unusual and cannot produce flowers dur-
ing the long days of summer—something 
has been lost,” explains Bromley. “If you 
want seeds from Maryland Mammoth, you 
have to grow it in a greenhouse under a 
specific light regime to induce it to flower.”

From a broader plant biology per-
spective, the discovery of the Maryland 
Mammoth tobacco mutant in 1919 led 
scientists to first hypothesise about the 
concept of photoperiodism – that organ-
isms can behave differently in response 
to changes in length of daily, seasonal or 

yearly cycles of light or 
darkness. The genetic 
pathways of why, how 
and when plants transi-
tion from making leaves 
to making flowers was 
worked out in the plant 
model systems for Arabi-
dopsis thaliana (which has 
a much quicker seed-
to-seed life cycle, and a 
much simpler genome) 
and Antirrhinum spp. 

(snapdragon) by 1995, but has remained a 
mystery in tobacco for nearly 100 years. 

To identify what was preventing 
flowering during long days in the Mar-
yland Mammoth, we focused on all the 
genes involved in the plant’s response to 
seasonal changes in daylight and looked 
for differences between genes from the 
two parents – no single gene controls 
flowering. We found that tobacco carries 
a mutation in one of two copies of a gene 
which forms part of a protein complex 
that triggers expression of other genes 
and causes the plant to flower. In normal 
flowering tobacco, the non-mutant form 
(or homeolog) dominates, whereas in 
Maryland Mammoth the mutant form 
dominates. “We think that this disrupts 
the formation of the protein complex that 
induces the plant to make the transition 
from making leaves to making flowers 
at its growing tip,” says Bromley. “In the 
parents, these homeologs will be expressed 
at different times, in precise response to 

different environmental cues. In tobacco, 
which has both copies, you would ex-
pect that the N. sylvestris copy would be 
expressed under long days, while the N. 
tomentosiformis copy would be expressed 
under short days. “We have found that the 
gene from N. sylvestris is mutated, and it’s 
the N. tomentosiformis gene that does all 
the work under any photoperiod to induce 
flowering, but in Maryland Mammoth, 
the N. sylvestris homeolog is still highly 
expressed under long days, which we think 
causes the plant to keep producing leaves,” 
says Bromley. “We can use this information 
to start regulating when the plants flower, 
helping to speed up the breeding process.” 

Shortening the normal life cycle of 
particular plants could potentially acceler-
ate plant research by massively impacting 
the breeding pipeline for that species. 
Tobacco currently has a normal life cycle 
of four months, whereas A. thaliana, which 
is commonly used for research, has a six-
week life cycle. So, understanding how to 
encourage a tobacco plant to produce seed 
faster has many commercial applications. 

“Generating this dramatically improved 
assembly for tobacco is a substantial step 
forward,” says Griffiths. “It will open up 
several avenues of research, from helping 
scientists gain a greater understanding 
of the evolution of the tobacco plant to 
the identification of genes responsible for 
several traits, whether they be related to 
improving sustainability of agriculture, 
reducing the levels of toxicants in tobacco 
products, or improving the production of 
pharmaceuticals and biofuels.” 

AIMS FOR THE FUTURE:
 » Continue improving the quality of the 

genome assembly using new data from 
BAT, public resources and newly devel-
oped assembly computational pipelines, 
in collaboration with Boyce Thompson 
Institute 

 » Develop greater understanding of the 
genetic drivers for toxicant precursors 
in tobacco, sustainability traits and leaf 
quality

 » Publish the analysis of the molecular 
mechanism of why the Maryland Mam-
moth can only flower in short days

 » Grow our molecular breeding pro-
gramme, developing genetic markers for 
shorter life cycles in tobacco ☐ 

1. Edwards K et al. (2017). A reference genome for 
Nicotiana tabacum enables map-based cloning of 
homeologous loci implicated in nitrogen utilization 
efficiency. BMC Genomics 18: 448.

Using the genome assembly as 

a reference to identify genetic 

differences between different 

varieties of tobacco has the potential 

to breed new cultivars or varieties 

with improved characteristics for 

research and other applications.

PRODUCT UPDATES
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Alternatives to smoking is one of the fastest-moving sectors in consumer electronics. 
We strive to perfect industry-leading products that can potentially reduce the 
health risks associated with smoking. Our research tells us that there are key 
factors, such as taste and how quickly nicotine is delivered and absorbed, that will 
inform the choices of smokers once they have decided to start using one of our 
next generation products. We offer these across four main categories that vary in 
taste, strength and ‘ritual’ so that we can provide choices that most closely match 
a consumer’s needs and, therefore, can maximise the possibility of them being 
able to switch out of smoking. This article will focus on our four main categories, 
explaining their key differences and how new innovations in these areas will 
enable smokers to make better informed choices.

PRODUCT 
UPDATES
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The advent of electronic cigarettes (e-cig-
arettes) has led to a pretty remarkable 
consumer revolution around the world 
over the past decade. Millions of former 
smokers now use these vapour products 
exclusively instead of combustible ciga-
rettes, principally because they provide 
many of the same sensory, ritual and 
nicotine effects. Consumer interest in and 
demand for the e-cigarette category con-
tinues to grow rapidly, fuelling innovation. 

Although the first patent for a device 
that produces an “inhalable plume” dates 
back to 1927, it wasn’t until 2003 that 
Hon Lik, the Chinese pharmacist widely 
considered to be the father of vaping, came 
up with the first commercial e-cigarette. 
Devices began emerging in the UK and 
USA around 2006 but were the size of ci-
gars and pipes and the sensory experiences 
were poor. It took a couple of more years 
before factory-made e-cigarettes became 
available. These first-generation ‘cig-a-like’ 

devices resembled conventional cigarettes, 
but were heavier, disposable (and expen-
sive) and provided little nicotine per puff. 
To minimise costs, rechargeable devices 
were quickly developed, first as cig-a-
likes and later as open modular devices.

E-cigarettes have since developed in two 
directions: closed or open systems. Closed 
systems work with disposable cartridges 
prefilled with e-liquid. They are convenient, 
easy to use and fuss free — perfect for nov-
ices and those who like what they know and 
know what they like. BAT has been a leader 
in developing such closed systems. The 
popular Vype ePen was launched in 2014 
with a battery similar (in size and power) to 
the types found in the early open modular 
devices, and Vype ePen 3 was launched in 
December 2017, with a more ergonomic 
design and a small, powerful battery. 

Open devices allow the user an even 
more customised vaping experience. They 
have a separate mouthpiece, a refillable 

VAPOUR

As the e-cigarette category continues to grow rapidly, we are constantly 
innovating while working to safeguard consumers. We are taking a weight-
of-evidence approach to build the case that e-cigarettes are less risky 
than cigarettes: using a robust scientific assessment framework, we have 
assembled one of the world’s most comprehensive published datasets for 
a single vapour product, the results of which lay the foundations for Vype 
ePen to potentially be characterized as a reduced risk product.

CIGARETTE = 100%

MUTAGENICITY (WHOLE AEROSOL)

TOXICOLOGY TESTS
Cigarette v ePen 2

CYTOTOXICITY

OXIDATIVE STRESS

γH2AX (DNA DAMAGE)

NONE*

9%

0%

NONE

*no observed mutagenicity under these test conditions †no observed genotoxicity under these test conditions
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vapour
tank for e-liquid and can be fitted with 
different atomisers and battery config-
urations. Although open devices are 
more expensive to buy at the outset, their 
ongoing running costs tend to be lower. 

At first, open devices resembled pens 
that were larger and heavier than cig-a-
likes. As consumer interest developed, 
their appearance started moving away from 
that of a cigarette to more blocky shapes. 
The race for more power for more serious 
vapers then led to “box mods” — larger 
devices with bigger batteries. Thanks to 
Ohm’s law, the power of an e-cigarette can 
either be increased by raising the voltage 
from batteries or by reducing resistance of 
the heating element. By experimentation, 
“box mods” moved on from operating at 
less than 10 watts to a power of 20 watts, 
with coil resistances around 1.8 ohms. 

More recently, with the emergence of 
smartphones and their small, powerful 
batteries, there has been an evolution 
towards smaller, more ergonomic shapes. 
Additionally, price decreases have made 
them accessible to more moderate users 
who don’t want to build their own devices.

INNOVATION IN ATOMISERS 
AND WICKING
Atomisers have changed significantly over 
the past five years, driven mainly by the 
trailblazing rebuildable atomiser (RBA) 
community, who make their own coils and 
wicks and tinker with coil resistance and 
battery voltage to improve their sensory 
experience with these products. Their 
innovations have helped drive technol-
ogy forward, and shown manufacturers 
what more mainstream consumers might 
want in the future. Atomisers in most 
e-cigarettes today consist of a tiny elec-
tric heating coil wrapped around a wick 
made of cotton or glass fibre. E-liquid is 
drawn onto the coil, as happens in an oil 
gas lamp, where it is heated, forming the 
vapour which is then inhaled by the user. 

When open devices first hit the market, 
the tanks were awkward to fill and had 
serious wicking issues. By the time “box 
mods” became available, the configuration 
of tanks had improved, delivering more va-
pour and better flavour due to greater con-
tact between the coil and e-liquid — the 
most notable change in atomisers so far. 

We’ve also seen changes in wicking. 
For a long time, manufacturers used silica 
rope, silica or ceramic wadding as their 
go-to wick materials. But with the advent 
of high-power devices, cotton has become 

the preferred choice. Its ability to absorb 
large amounts of e-liquid quickly keeps 
temperatures down and produces a better 
flavour than with previous materials. The 
RBA community is also experimenting 
with rayon, degummed hemp, china 
grass (all-natural cellulose-based man-
made fibres) and stainless steel mesh as 
wicking materials, so we are working 
closely with these external technology 
partners for future product innovations.

While constant improvement of the 
coil and wick system is key to keeping up 
with consumer needs, here at BAT we’ve 
also been working on replacing it entirely 
with new-to-world technology that is set 
to revolutionise vaping (see page 28).

RECENT SUCCESSES
Consensus has been emerging that 
although e-cigarettes are not risk free, 
they have the potential to be much less 
risky than continuing to smoke cigarettes. 
Public Health England, a part of the UK 
Department of Health, has carried out two 
comprehensive reviews of the evidence1,2 
and stated that they believe vaping is at 
least 95% less harmful than smoking. They 
stressed the need for product standards 
and for more studies on the long-term 
impact of use. 

E-liquid innovation: nicotine salts 
In traditional combustible cigarettes, nicotine 
naturally combines with the weak carboxylic 
acid present in the tobacco leaf to form a 
nicotine salt. During the extraction and purifi-
cation of nicotine to produce the pharmaceuti-
cal-grade nicotine used in e-liquids, however, 
nicotine converts to its “free base” form.

Research shows that nicotine chemis-
try influences sensory perception—some 
consumers say that products containing 
nicotine salts deliver satisfaction closer to that 
of smoking. As a result, there is fast-grow-
ing interest in providing nicotine in its more 
natural form, as is found in cigarettes.

To give our consumers the best experience, 
we have carefully determined which would 
be the most suitable acid to use in e-liquids 
to convert free base nicotine to a nicotine 
salt. Some acids can thermally degrade 
at the normal operating temperature of an 
e-cigarette and produce harmful aerosol 
constituents (x-ref stewardship); others can 
inadvertently add unwelcome flavours (con-
sider the vinegary taste of acetic acid). “After 
thorough scientific assessment we identified 
a short list of acids as the best candidates in 

terms of thermal stability, toxicity and sensory 
considerations,” says Sandra Costigan, 
Principal Toxicologist for vapour products.

Another key factor is the compatibili-
ty of the resulting e-liquid and the device 
materials. To ensure the acid in the solution 
wouldn’t corrode the materials in contact 
with the e-liquid, we carefully formulat-
ed it to make sure the acid concentration 
wasn’t too high. As a further step, we 
also use inert coatings of gold and silver 
on materials to offer more protection. 

The result was our vPro cartridges, 
launched in December 2015, for Vype ePen 
(our leading closed system). Using nicotine 
salts brings the pH of our e-liquid closer to 
neutral than using free base nicotine, improv-
ing its stability. “As well as a better experience 
for consumers, using nicotine salts in our e-liq-
uids extends their shelf life,” says Costigan.

Not all e-liquids will be as compatible 
with all devices, which is why we recom-
mend that, for the best experience, con-
sumers use Vype liquids with Vype devices. 
We are currently working to expand 
our vPro range to our open systems.
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The gold standard for demonstrating 
that any product is reduced risk compared 
with cigarettes is epidemiological data, 
which can take 25–30 years to generate. In 
the absence of epidemiology, we are taking 
a weight of evidence approach to build the 
case that our vapour products are indeed 
lower risk than combustible cigarettes. 
We have developed a scientific framework 
that covers assessment of any product. In 
general, the tests that we are carrying out 
fall into three broad categories: what’s in 
the emissions; what happens when cells 

are exposed to these 
emissions; and risk at 
both the individual 
and population levels.

Using the Vype 
ePen as a case study, we 
have created one of the 
world’s most compre-

hensive sets of published scientific results 
on a single e-cigarette3. In the emissions 
part of this data package, we first looked 
at the emissions of all known (and meas-
urable) e-cigarette and tobacco cigarette 
priority compounds. We analysed levels of 
150 different compounds in smoke from a 
reference cigarette and compared them with 
levels in the vapour from Vype ePen4. The 
comparisons were conducted on a per-puff 
basis, and the results showed average reduc-
tions of 99% of compounds in the truncated 
lists of the World Health Organization and 
the US Food and Drug Administration, 
and over 92% of those on the full Food and 
Drug Administration list of 93 harmful 

and potentially harmful constituents. This 
comprehensive analysis filled in an impor-
tant gap in the field and also provided some 
guidance to others on the methodological 
challenges of doing analyses of this kind. 

Next, we carried out some standard 
in vitro regulatory toxicology tests that 
are routinely used in many industries, 
including for evaluation of combustible 
cigarettes. Cigarette smoke is highly 
mutagenic (causes DNA damage) and 
highly cytotoxic (kills cells). In contrast, 
we have shown that vapour from Vype 
ePen is not mutagenic and is over 90% 
less cytotoxic than cigarette smoke3. 

We have also developed a series of in 
vitro models that aim to represent, using 
human cell lines cultured in the laboratory, 
disease processes such as wound healing, 
tumour promotion and DNA mutation. The 
vapour from Vype ePen, even when tested 
at high doses, gave no biological activity 
in these tests5–7. Using a systems biology 
approach, ePen vapour had a far lower 
impact on disease-relevant gene expres-
sion than cigarette smoke (see page 41).

“Across our comprehensive testing we 
have seen either substantial reductions 
or no response at all relative to cigarettes, 
laying the foundations for Vype ePen 
to potentially be characterised as a re-
duced risk product,” says James Murphy, 
Head of Reduced Risk Substantiation. 

In addition to our laboratory-based 
studies, we have carried out some clinical 
studies to examine the speed of nicotine 
delivery for Vype ePen (see page 24), and 
we have also done some mathematical 
modelling of the impact of e-cigarette use at 
the population level (see page 50).  ☐

1. McNeill A et al. (2015). E-cigarettes: an evidence 
update. London: Public Health England

2. McNeill A Brose LS, Calder R, Bauld L, Robson D 
(2018). E-cigarettes and heated tobacco products: 
evidence review. London: Public Health England.

3. Murphy JJ et al. (2017). Assessing modified risk 
tobacco and nicotine products: description of 
the scientific framework and assessment of a 
closed modular electronic cigarette. Regul Toxicol 
Pharmacol 90: 342–357.

4. Margham J et al. (2016). Chemical composition 
of aerosol from an e-cigarette: quantitative 
comparison with cigarette smoke. Chem Res Toxicol 
29: 1662–1668.

5.  Taylor M et al. (2017). A comparative assessment 
of e-cigarette aerosols and cigarette smoke on in 
vitro endothelial cell migration. Toxicol Lett 277: 
123–128.

6.  Breheny D et al. (2017). The comparative tumour 
promotion assessment of e-cigarette and cigarettes 
using the in vitro Bhas 42 cell transformation assay. 
Environ Mol Mutagen 58: 190–198.

7.  Thorne D et al. (2017). The comparative in vitro 
assessment of e-cigarette and cigarette smoke 
aerosols using the γH2AX assay and applied dose 
measurements. Toxicol Lett 265: 170–178.

Battery safety 
The power source typically found in an e-cig-
arette is a rechargeable lithium-ion battery. 
Although at the heart of the rise of portable 
consumer electronics, there are some concerns 
that these batteries can overheat, causing fires 
and explosions. This can happen because lith-
ium-ion battery components are chemically 
reactive, thermally unstable and carry lots of 
energy when charged. The operating voltage 
and temperature ranges in which they are 
stable are very limited. If the battery operates 
outside its temperature comfort zone — for ex-
ample, through overcharging or charging at 
low (0˚C) or high (>60 ̊ C) temperatures — it 
might undergo a “thermal runaway” reaction, 
explains David Corkill, Senior Scientist, Prod-
uct Safety. Rare incidents involving e-ciga-
rettes overheating have been reported.

We are doing all we can to safeguard con-
sumers, such as introducing electrical protec-
tion circuitry to shut down a device if it gets too 
hot or is plugged into an unsuitable charging 
source. This approach, however, won’t protect 
against other sources of overheating, such as 
damage caused through dropping the de-
vice, extended storage at high temperatures 
(>70˚C) or the presence of small metal impu-
rities within the battery cell arising accidental-
ly during manufacture. So, we’re working on 
more battery features to keep consumers safe, 
such as providing expansion room for swell-
ing batteries and coating electrodes with a 
heat-resistant layer. Our battery safety testing 
is very much being guided by the best practice 
that has long been established in the consum-
er electronics sector. 

we have created one of the 

world’s most comprehensive 

sets of scientific results on 

a single e-cigarette
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The ultimate aim of our harm reduction 
programme is to offer potentially reduced 
risk products to our smoking consumers so 
that they have a variety of ‘sensory accept-
able’ choices when considering moving 
away from cigarettes — a move that has 
already started with the availability of e-cig-
arettes. Vaping, with its distinct ritual, taste 
and smell, however, is too much of a depar-
ture from cigarettes for some smokers, who 
sometimes complain that e-cigarettes can 
taste “synthetic” or lack a true tobacco fla-
vour. Recognising these issues, we worked 
hard to swiftly develop iFuse, a novel 
hybrid tobacco heating product (THP). 

iFuse was the first device to cleverly 
combine the workings of an e-cigarette with 
a section containing tobacco. During oper-
ation, an e-liquid containing nicotine, sim-
ilar to that used in an e-cigarette, is heated 
to produce a warm vapour. This passes 
through a plug of tobacco, gently warming 
it enough to release tobacco flavour and 
aroma into the vapour that is inhaled by the 

user. “Warming real tobacco releases some 
of the rich aromatic flavours that smokers 
enjoy but without the same toxicants,” 
says Chris Morrison, Head of Emerging 
Platforms. “It’s the best of both worlds.”

It is well established that most toxic 
substances in cigarette smoke are formed 
when tobacco burns and decomposes at 
high temperatures (above 400 oC). Because 
iFuse warms tobacco to less than 50 oC, its 
vapour is enriched with real tobacco taste 
but, as with vapour products, it contains 
far fewer and much lower concentrations 
of these toxic substances and, in principle, 
should be much less harmful. Consumer 
sensory tests have confirmed that there 
is indeed an enhanced tobacco flavour 
with iFuse compared to the blended 
tobacco flavour e-liquid in e-cigarettes. 

We have extensively assessed iFuse with 
the same battery of chemical, toxicological 
and biological tests as we have used with 
Vype ePen (and are doing for our other 
next generation products)1,2. The chemical 

The successful launch of our hybrid tobacco heating product iFuse, and 
an exciting innovation plan illustrates our rapid response to consumer 
demand for next generation products that have a more authentic tobacco 
taste. Developed in just seven months, iFuse is emblematic of our growing 
technological capabilities.

HYBRID – FUSING TOBACCO AND VAPOUR 

CIGARETTE = 100%

MUTAGENICITY (WHOLE AEROSOL)

TOXICOLOGY TESTS
Cigarette v iFuse 1

CYTOTOXICITY

OXIDATIVE STRESS

γH2AX (DNA DAMAGE)

0%

12%

NONE†

NONE*

*no observed mutagenicity under these test conditions †no observed genotoxicity under these test conditions
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analysis results show that the novel way it 
works produces a vapour very similar to 
that emitted from e-cigarettes. We tested 
113 compounds and only 26 were present 
in the iFuse aerosol. The classes and levels 
of compounds generated were very similar 
to those from Vype ePen and were 92% to 
99% lower (on a puff-by-puff basis) than 
those in smoke from a reference ciga-
rette1. Many of the analytes quantified in 
the iFuse aerosol were actually at levels 
comparable to those in air blanks, empha-
sising again the methodological challeng-
es of these kinds of analyses. “Overall, 
iFuse provides a great tobacco flavour, 
but maintains a toxicant profile similar 
to Vype ePen, with significantly lower 
levels of some key toxicants compared 
with cigarette smoke,” says James Murphy, 
Head of Reduced Risk Substantiation.

The in vitro biological testing looked at 
the general health of the cells, mutations 

and damage to DNA, tu-
mour promotion, oxidative 
stress and wound repair, 
all of which are involved 
in development of many 
smoking-related diseases. 
These tests demonstrated 
that iFuse was associated 
with little to no biological 
activity, no DNA mutations 
or damage and consid-
erably reduced respons-
es in all the other tests, 

which is similar to e-cigarettes and in 
sharp contrast to cigarette smoke. 

“These findings suggest iFuse has the 
potential to be a reduced risk product 
when compared with cigarette smoking, 
although further research is required 
to establish whether this will lead to 
public health benefits,” says Murphy.

It is also worth noting that iFuse was 
conceived, developed and launched in just 
7 months. We were able to move so quickly 
because all the backbone technologies used 
had already been established in our e-cig-
arette Vype ePen. “Its structure, battery, 
electronics, e-liquid constituents, flavours 
and vapour knowledge were all ready and 
waiting in our portfolio, and just needed 
slight, careful modification and finessing 
to create iFuse. This meant we could act 
quickly and focus on choosing just the 
right tobacco blends for the most authentic 
taste,” says Sharon Goodall, now Head of 
Tobacco Heating Product Innovation, who 
led the original iFuse project. “By draw-
ing on our expertise and experience, we 

were able to rapidly give consumers this 
new choice in next generation products.” 

Our experience with iFuse also 
showcases one of the benefits, from 
a creative synergy perspective, of at-
tracting experts from a variety of other 
industries to work together with tobac-
co experts to solve these challenges. 

RECENT SUCCESSES
We launched iFuse in Romania in No-
vember 2016, and while this is the first 
generation of this platform, feedback from 
consumers is very promising. 

Although developing iFuse demon-
strates that the fusion between vapour 
and tobacco created a satisfying product 
for some consumers, there is always room 
to further develop the user’s sensory 
experience. “While some consumers 
noted that the tobacco taste is improved 
compared to e-cigarettes,” says Morri-
son, “we still have a more work to do 
in making sure that the sensory expe-
rience for the user is truly authentic.”

To further strengthen this product 
category, we have developed an exciting 
new platform technology. Using a method 
similar to the carbon dioxide decaffein-
ation process that removes caffeine from 
coffee beans, we are able to remove volatile 
flavour components directly from tobacco 
leaves and turn them into a concentrat-
ed fluid. This tobacco leaf extract, which 
contains hundreds of molecules that make 
up the complex tobacco flavour, can be 
added to any e-liquid (and analysis shows 
that this extract is not mutagenic or gen-
otoxic3). “Extracting flavour directly from 
tobacco leaves is not easy to do, but the 
result is incredibly authentic flavour with-
out any synthetic molecules,” says Helena 
Digard, senior product developer, who led 
this project. “Now we have three different 
design control points for flavour — e-liq-
uid flavours, a plug of real tobacco, and 
TLE [tobacco leaf extract] — and we can 
use this versatile palette to deliver a great 
experience to consumers.”  ☐

1. Poynton S et al. (2017). A novel hybrid tobacco 
product that delivers a tobacco flavour note with 
vapour aerosol (Part 1): Product operation and 
preliminary aerosol chemistry assessment. Food 
Chem Toxicol 106: 522–532.

2. Breheny D et al. (2017). A novel hybrid tobacco 
product that delivers a tobacco flavour note 
with vapour aerosol (Part 2): In vitro biological 
assessment and comparison with different tobacco-
heating products. Food Chem Toxicol 106: 533–546.

3. Scott, JK et al. (2018). Absence of mutagenic and 
genotoxic properties of two supercritical tobacco 
extracts. Poster no. 1506, Society of Toxicology, San 
Antonio, Texas, USA, 11-15 March, 2018.  

Using a method similar to the carbon 

dioxide decaffeination process 

that removes caffeine from coffee 

beans, we are able to remove 

volatile flavour components directly 

from tobacco leaves and turn 

them into a concentrated fluid.
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It is well established that most toxic 
substances in cigarette smoke are formed 
by the burning of tobacco and its decom-
position at high temperatures. Heating 
tobacco instead of burning it, therefore, 
has the potential to significantly reduce 
levels of these toxic substances. Enter 
tobacco heating products (THPs), which 
heat tobacco sufficiently to release nicotine, 
glycerol and tobacco flavour compounds 
to form an aerosol, but not high enough 
to burn it. As a result, THPs produce far 
fewer and lower concentrations of the 
toxic substances found in cigarette smoke 
and, in principle, should be much less 
harmful. “We know that some smokers 
who want to switch to a potentially less 
risky product but don’t like e-cigarettes 
tell us that they want more of a sensory 
experience with a familiar flavour and 
more of a true tobacco taste. We believe 
THPs could meet these requirements,” says 
Sharon Goodall, Head of THP Innovation.

By applying our detailed understanding 
of what happens physically and chemically 
to tobacco as it is heated, we developed 

glo, which we launched in Japan in No-
vember 2016. There is enormous interest 
from Japanese consumers in this catego-
ry of products (in part because current 
regulations prohibit the sale of vapour 
products in Japan), and initial response 
has exceeded our very high expectations. 
It has been a spectacular success so far. 

Test results to date indicate that, 
through strict heating control, glo 
aerosol contains substantially fewer 
and lower levels of toxic substanc-
es compared to cigarette smoke, and 
that the impact of this aerosol in var-
ious toxicology tests is limited.

Although some tobacco companies had 
previously developed THPs in the 1980s 
and 1990s, consumers didn’t seem to be 
interested in these early products. With 
the advances in consumer electronics 
(particularly batteries), and increasing 
awareness about potentially less risky 
products like e-cigarettes, it seems as if 
the time has finally come for this cate-
gory. When we decided to develop our 
THP, we thought very carefully about our 

TOBACCO HEATING

Tremendous interest in our flagship, oven-style tobacco heating product 
glo illustrates our ability to develop novel products in response to consumer 
demand for an authentic tobacco taste and experience. Preliminary tests 
indicate the aerosol and its impact are similar to those of vapour products.

CIGARETTE = 100%

WHO (9 PRIORITY TOXICANTS)

TOXICANTS OF INTEREST 
Cigarette v glo

FDA (18 PRIORITY TOXICANTS)

HEALTH CANADA (MAIN 44 TOXICANTS)

FDA (93 HARMFUL AND POTENTIALLY HARMFUL CONSTITUENTS)

3%

4%

4%

4%
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approach. There are many ways to heat to-
bacco, and we chose to develop a precisely 
engineered mini-oven as the heat source 
(see page 30). The tobacco consumable 
was also meticulously designed to work 
perfectly with the device, using the latest 
technologies with “reconstituted” tobacco, 
which ensures a consistent performance. 

Different THPs use different heating 
technologies, and it will be important 
for regulators to be certain that products 
claiming to be THPs really are just heating 
the tobacco consumable and not burning 
it. Because there is currently no stand-
ard way of assessing this, we’ve taken the 
lead and developed a five-step approach 
that any laboratory can use, irrespec-
tive of heating mechanism (see box).

Using glo as a case study, we have 
demonstrated that the tobacco consum-
able used in it, called a Neostik, begins 
its major thermal decomposition (i.e., 
begins to burn) above 300 oC, but when 
used in glo no part of the tobacco ever 
exceeds 250 oC. Compounds indicative 
of burning tobacco (according to reg-
ulatory bodies) either can’t be detected 
or are significantly reduced compared 
to cigarette smoke, and there are no 
signs of ash formation. “These findings 
demonstrate that glo is a true THP,” says 
Chuan Liu, Head of Tobacco Futures.

We recognise that THPs like glo are a 
relatively new category of NGPs, and that 
regulators and the scientific communi-
ty want to know more about them and 
the underpinning science. We are doing 
everything we can to share our science 
and build the evidence to ensure rigorous 
assessment of THPs. We recently published 
a series of 9 peer-reviewed journal articles 
on glo1, including the five-step approach for 
assessing THPs2, and we have also presented 
the concept at scientific conferences. “Initial 
feedback has been overwhelmingly posi-
tive,” says Liu. “Of course, we welcome sug-
gestions to further improve our approach.”

This news is good not only for users but 
also bystanders. A lit cigarette produces 

smoke even when not being actively puffed, 
which means people nearby can inhale 
it too. In contrast, owing to its enclosed 
design and lower operating temperatures, 
glo emits substantially less aerosol between 
puffs so its environmental emissions are 
very low3 (see page 53). “We have ana-
lysed the indoor air quality in controlled 
indoor environments when volunteers are 
using glo compared to when they are using 
cigarettes, and found a reduction of over 
95% in the concentration of particles for 
glo compared to cigarette smoke,” says John 
McAughey, Principal Scientist, Aerosol 
Chemistry. Meanwhile, as we expand into 
new markets and develop our pipeline, it is 
vital that every one of our products meets 
the highest possible standards. As well 
as testing our products, we are currently 
implementing quality measures at each 
step in the development and production 
process, including validating our testing 
methods. As we are doing with the vapour 
category, we are actively participating 
where we can to help national and inter-
national bodies in setting up appropriate 
product standards for THPs. In summer 
2017, we contributed to a working group 
in Russia that has now developed the 
world’s first voluntary standard for THPs.

THE JAPANESE EXPERIENCE
Tobacco harm reduction scientists often 
speak of the “Swedish experience” where 
in the 1970s and 1980s there was a gradual 
shift of tobacco consumption, particularly 
in Swedish men, from cigarette smoking to 
snus use, with a consequent reduction in 
smoking-related disease rates seen decades 
later (see page 22).

We are at the beginning of a new 
phenomenon that because of the wide-
spread acceptance of the new technology 
introduced with electronic THPs, the 
tobacco consumption landscape in Japan 
is changing much more rapidly than did 
snus in Sweden. We think it is likely to 
become a further tobacco harm reduction 
case study — the Japanese experience.

Glo was first launched in the Japanese 
city of Sendai in December 2016, going on 
to a national roll out in October 2017. “I was 
lucky enough to be in Japan at both of these 
important moments, and it was clear right 
from the start that glo was going to make an 
enormous impact,” said Chris Proctor, Chief 
Scientific Officer. “It struck a perfect chord, 
being technologically based but easy to use, 
and giving Japanese tobacco consumers a 
much more considerate way to use tobacco 

Demonstrating non-combustion
The five-step process involves first measuring 
changes in the thermochemical properties of 
the tobacco as it is heated up to about 950˚C, 
the maximum temperature a burning cigarette 
reaches. Next, the THP is used, and the maxi-
mum heating temperature the tobacco reaches 
and length of time it is heated are measured. 

The last three steps involve measuring levels of 
gases normally produced when tobacco burns, 
various other toxic substances known to be 
produced by low-temperature decomposition 
of tobacco and looking for signs of tobacco 
degradation from burning or heating to high 
temperatures (e.g., charring or ash).
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with no lit end and far less impact on their 
surroundings. Especially since considera-
tion for others is a major Japanese trait.” 

In less than a year after the Sendai 
launch, glo had around 10% of the tobac-
co consumption market in that city, and 
following the national launch it had over 
4% nationally in three months. And as an 
encouraging sign for what the future may 
hold, around half of those who had switched 
to glo had stopped smoking cigarettes.

There is a strong pipeline of new variants 
of glo, both devices and Neostiks, that 
should build on this early momentum.

It will of course be important to 
monitor how the trends in THP use 
progress. “In 2018 we will place a nation-
ally representative survey in Japan to get 
a stronger picture on how the trends of 
switching to glo, and other products, are 
emerging, data that we will then build 
on in subsequent waves of the survey. 
This will be important for our popula-
tion modelling, and for describing this 
Japanese experience,” said Proctor.

RECENT SUCCESSES
We have been assessing glo using the same 
scientific framework as we developed for 

Vype ePen and have completed much of the 
preclinical testing. The absence of combus-
tion dramatically changes the nature of the 
aerosol. Looking at chemical emissions for 
126 different compounds4, comparing cig-
arette smoke with aerosol from glo showed 
levels were reduced on average by 90–95%.

We have also shown that aerosol from 
glo is not mutagenic and is around 90% 
less cytotoxic than cigarette smoke5,6. 
Other in vitro laboratory tests show 
that aerosol from glo does not prevent 
wound healing, does not promote tu-
mours, does not cause DNA mutations 
even at extreme doses, and has little 
effect on gene expression (see page 41). 

We have also carried out some clinical 
studies on glo, examining biomarkers of 
exposure to 16 tobacco smoke toxicants 
of regulatory interest. We’ve completed 
two short studies in which participants 
switched to glo from cigarettes for 5 days, 
after which exposure levels for most of 
the biomarkers studied were similar to 
those after smoking cessation, which is a 
very encouraging result (see page 24). 

“We have developed a heated tobacco 
technology in which the aerosol produced 
is very similar to that of a vapour product, 

based on comprehensive preclinical testing 
focused on chemistry and in vitro assays, 
laying the foundation for glo to potentially 
be characterised as a reduced risk product,” 
says James Murphy, Head of Reduced Risk 
Substantiation. “We’ve long been commit-
ted to research in this area and to commu-
nicating to consumers and regulators that 
the information on our products is based 
on sound, evidence-based science. This is 
just the beginning,” he said.  ☐
1.  Proctor C et al. (2017). Special Issue: Assessment 

of tobacco heating product 1.0. Regul Toxicol 
Pharmacol 93: 1–104.

2.  Eaton D et al. (2018). Assessment of tobacco 
heating product THP1.0. Part 2: Product design, 
operation and thermophysical characterisation. 
Regul Toxicol Pharmacol 93: 4–13. 

3.  Forster M et al. (2018). Assessment of tobacco 
heating product THP1.0. Part 4: Characterisation of 
indoor air quality and odour analysis. Regul Toxicol 
Pharmacol 93: 34–51.

4.  Forster M et al. (2018). Assessment of tobacco 
heating product THP1.0. Part 3: Comprehensive 
chemical characterisation of harmful and 
potentially harmful aerosol constituents. Regul 
Toxicol Pharmacol 93: 14–33.

5.  Jaunky T et al. (2018). Assessment of tobacco 
heating product THP1.0. Part 5: In vitro dosimetric 
and cytotoxic assessment. Regul Toxicol Pharmacol 
93: 52–61.

6.   Thorne D et al. (2018). Assessment of tobacco 
heating product THP1.0. Part 7: Comparative 
in vitro toxicological evaluation and cytotoxic 
assessment. Regul Toxicol Pharmacol 93: 71–83.
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Snus has been part of Swedish culture 
for 200 years, originally evolving from 
the popularity of snuff in Europe in the 
1700s. Thanks to a resurgence in its use 
that began around 1970, snus has grad-
ually become the most prevalent form of 
tobacco used in Sweden, with many more 
people, especially men, using snus instead 
of smoking cigarettes. As a result, Sweden 
now has the lowest smoking incidence in 
Europe. Furthermore, although Sweden 
has the highest consumption of smoke-
less tobacco per capita in the world, 
Swedish men have the lowest incidence 
of lung cancer and other tobacco-relat-
ed diseases of nearly every country in 
the developed world, and Europe’s low-
est level of tobacco-related mortality. 

The scientific advantage of the trend of 
switching from smoking to snus occurring 
decades ago is that there has been sufficient 
time for epidemiological studies to deter-
mine human health risks related to snus 
use. In a review of such studies by the UK 
Royal College of Physicians1, it was found 
that smokeless products present much 

lower risks that smoking, and that smoke-
less tobacco use was not associated with 
respiratory diseases, such as lung cancer 
and chronic obstructive pulmonary disease.

RECENT SUCCESSES
Meanwhile, as part of our approach to 
reducing the harm caused by tobacco, 
smokeless tobacco products are among the 
many alternative products we continue to 
research, develop and test. We have pub-
lished findings on smokeless use patterns2, 
toxicant transfer rates3, pharmacokinetic 
studies of nicotine delivery4, and chemical 
studies of constituents of smokeless tobacco 
products with the help of Professor Brad 
Rodu at the University of Louisville, KY, 
USA5–7. 

In 2017 we acquired a new set of 
products that we expect to become a major 
innovation in smokeless tobacco. Follow-
ing that acquisition, we have expanded 
the availability of a “white tobacco” snus 
product, under the brand name Epok. Our 
“white tobacco” is made using a special pro-
duction process that carefully purifies and 

refines brown tobacco. An additional bene-
fit to this process is that it reduces the levels 
of certain constituents such as heavy metals. 

Consumers say that using the product 
feels exactly the same as ordinary brown 
portion snus in terms of taste, smell and 
nicotine strength, but “white tobacco” snus 
does not run or discolour teeth. ☐

1.  Tobacco Advisory Group of the Royal College of 
Physicians. Harm reduction in nicotine addiction. 
London: RCP, 2007. London: Royal College of 
Physicians. 

2. Digard H et al (2009). Patterns and behaviours 
of snus consumption in Sweden. Nic Tob Res 11: 
1175–1181.

3.  Digard H et al (2013). Multi-analyte approach for 
determining the extraction of tobacco constituents 
from pouched snus by consumers during use. Chem 
Central J 7: 55. 

4.  Digard H et al (2013). Determination of nicotine 
absorption from multiple tobacco products and 
nicotine gum. Nic Tob Res 15: 255–261.

5.  McAdam KG et al (2013). Polycyclic hydrocarbons 
in US and Swedish smokeless tobacco products. 
Chem Central J 7: 151.

6.  McAdam KG et al (2015). Analysis of 
hydrazine in smokeless tobacco products by 
gas chromatography-mass spectrometry. Chem 
Central J 9: 13.

7. McAdam KG et al (2015). Analysis of acrylamide in 
smokeless tobacco products. Chem Central J 9: 56. 

The risks associated with smoking cigarettes arise from the inhalation of toxic 
compounds. There are two ways to try to mitigate these risks – substantially 
reduce the levels of harmful chemicals, as we seek to do in vapour and 
tobacco heating products, or to develop products that do not involve 
inhalation. A classic tobacco harm reduction case study is the Swedish 
experience, where a shift was seen in consumer preferences, most strongly 
among males, from smoking to the use of the oral tobacco product snus.

The scientific advantage of the 

trend of switching from smoking 

to snus occurring decades ago is 

that there has been sufficient time 

for epidemiological studies
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To assess the potential effects 
of our products, we con-
duct extensive laboratory 
tests to evaluate their safety 
and performance. Much 

can be learned from chemical, physical 
and toxicology assessments, and we are 
doing everything we can to use models 
that mimic the human body and push 
the sensitivity of our tests (see page 41). 
Today, however, clinical studies using 
human subjects remain the gold standard 
for evaluating how people use a product 
and the biological consequences of doing 
so, and are important for us to assess the 
reduced risk potential of products intend-
ed to present lower risks than cigarettes.

One of these tests, a pharmacokinet-
ic (or PK) study, examines how quickly 
nicotine is taken from a product into the 
bloodstream. Although by no means the 
only factor involved, this can be crucial in 
determining whether a new product could 
be an adequate alternative for a smoker. 

Laboratory analytical studies can de-
termine what levels of toxicants are found 
in the emissions of new products, but 
human exposure will depend both on these 
emissions and how the products are used.

When a chemical is taken into the 
body, it or its metabolic byproducts can 
be measured in the blood, breath, saliva 
or urine. These biomarkers of exposure 
(BoEs) indicate how much of a particular 
substance has been taken into the body. 
Generally, the higher the levels found, the 
greater the exposure of the person to the 
original chemical. By comparing levels 
of BoEs when a person smokes cigarettes 
with those seen after they’ve switched to 
using an e-cigarette or tobacco heat-
ing product (THP), we can determine 
whether and to what extent use of the 
alternative product changes the amount 

of toxic chemicals or nicotine entering 
the body. In line with the US Institute of 
Medicine’s opinion that for a product to 
be considered a reduced harm product a 
consumer’s biological responses to using 
it should be similar to those of a former 
smoker1, we also compare BoE levels of 
consumers using next generation nico-
tine or tobacco products (NGPs) with 
those in people who have quit smoking.

To assess the effects that chemicals have 
when inside the body, we can measure 
other indicators produced by the body in 
response to their presence. These indica-
tors, called biomarkers of biological effect 
(BoBE; sometimes called biomarkers of 
potential harm), may be suggestive of 
early changes that could lead to disease 
development. We have identified BoBEs 
implicated in key processes (for exam-
ple, inflammation and oxidative stress) 
that contribute to the development and 
progression of smoking-related diseases, 
such as cardiovascular disease and chronic 
obstructive pulmonary disease. Comparing 
BoBE levels can tell us whether switch-
ing from cigarettes to a novel product 
or quitting is likely to change the risk of 
developing a smoking-related disease.

RECENT PROGRESS
PK studies on vapour products. To effect 
tobacco harm reduction, products must 
be appealing to smokers, and we recognise 
that product appeal is multifaceted. One 
important aspect is the amount and way 
that nicotine is delivered. By examining 
how much nicotine a product delivers 
and how quickly it reaches the consumer’s 
bloodstream, a PK study can provide a 
preliminary indication of whether a prod-
uct is likely to be acceptable to a smoker. 

To evaluate how effective our vapour 
products (for example e-cigarettes) are 

CLINICAL STUDIES 

Assessing individual  
risk

Laboratory tests are invaluable in helping us 
assess the safety of our products, but to fully 

substantiate their reduced risk potential, it 
is crucial that we understand the biological 

impact they have on humans. 

QUICK FACTS
Devices used across studies 750
Scientific measurements 189,626
Cups of tea drunk 8,400
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at delivering nicotine, we conducted two 
studies, one in collaboration with Celer-
ion GB Ltd, a global contract research 
organisation (CRO), and the second in 
collaboration with US-based CRO Los 
Angeles Clinical Trials2. We wanted to 
examine changes in blood nicotine levels 
in volunteers who used both cigarettes 
and e-cigarettes (ISRCTN74070762 and 
NCT02474849)2. Participants in the first 
study were cigarette smokers who were 
familiar with but were not current users 
of e-cigarettes. Participants in the second 
study were current vapers (users of e-ciga-
rettes) who occasionally smoked cigarettes. 
At specific time points during periods of 
smoking cigarettes, or using Vype vPro 
ePen (our closed modular system) or a 
first-generation cig-a-like e-cigarette, blood 
samples were taken. Participants were also 
asked to rate their craving for nicotine2. 

The results showed that nicotine 
delivery from these vapour products 
differed according to the type of prod-
uct and how individuals used them2. 

The studies showed that elevation 
of blood nicotine levels during vapour 
product use was greater in experienced 
vapers compared with naïve vapers, and 
under more real-world conditions, when 
the volunteers controlled how they used 
them. “This tells us that smokers may 
need to be able to adapt their behaviour in 
order to use currently available products 
to best effect,” says senior scientist Mike 
McEwan. “This should be considered when 
planning and executing these kinds of 
studies to ensure the reliability of results.”

Clinical studies on THPs. To evaluate a 
person’s exposure to toxic smoke constit-
uents when using our THP product glo, 
we conducted a clinical study in Japan to 
assess a wide range of BoEs before and after 
switching from cigarettes to glo for five 
days3. Results showed that after smokers 
switched, their exposure to toxic smoke 
constituents was substantially reduced4. 
“Some of the decreases we observed in 
participants switching to glo were broad-
ly equivalent to quitting smoking,” says 
Nathan Gale, who was the study lead. 
“This suggests that glo has the potential 
to be a reduced exposure and/or risk 
product, but further studies are needed 
to determine whether these reductions 
are sustained and translate to a reduc-
tion in smoking-related health risks.”

Consumers in different markets can vary 
in terms of both behaviour and genetic 

variability), so we have carried out a similar 
study in the UK, examining BoEs before 
and after switching from cigarettes to glo 
or a vapour product (ISRTCN80651909), 
the results are currently being analysed.

We are currently working on our 
biggest and most complex NGP clinical 
study to date, examining BoBEs (indi-
cators of risk) in smokers who continue 
smoking, switch to using glo or a vapour 
product, or quit nicotine and tobacco 
product use completely. This study will 
help us determine how switching for one 
year impacts indicators that might be 
related to people’s long-term health risks; 
interim results are expected at the end of 
2018, and we expect to publish in 2019. 

Following best practice. Our clinical stud-
ies follow best practice guidelines and are 
aligned with the Declaration of Helsinki, a 
set of ethical principles for medical research 
involving people. Our protocols adhere to 
Good Clinical Practice (GCP) standards, 
the internationally recognised guidelines 
laid out by the International Council for 
Harmonisation of Technical Requirements 
for Pharmaceuticals for Human Use, and 
are assessed and approved by relevant inde-
pendent ethics committees. Aligning with 
GCP and related guidelines ensures that 
our studies are robustly documented and 
our partners and CROs are also vigorously 
audited. Our studies are all registered on 
public databases at the outset and published 
on completion, irrespective of the findings. 
We do, however, face substantial challeng-
es, one of which is the lack of specialist 
companies willing to conduct studies on 
our behalf. “There are hundreds of CROs 
around the world, but only a handful will 
do studies involving tobacco and nicotine 
products for the tobacco industry,” says Mc-
Ewan. “We are, however, constantly adding 
to our portfolio of clinical partners to meet 
demand and, as tobacco regulatory science 
becomes more mainstream (thanks in part 
to the Tobacco Regulatory Science Program 
run jointly by the US Food and Drug Ad-
ministration’s (FDA’s) Center for Tobacco 
Products and the US National Institutes 
of Health), we expect to see more clinical 
study CROs recognising this emerging 
field of nicotine and tobacco products as a 
potential growth area for their business.”

Meanwhile, the industry also needs 
greater harmonisation. Although we 
conduct our clinical studies in controlled 
environments to the same standards as 
those required for pharmaceutical drug 

studies, currently, companies may run 
a study differently—choosing different 
duration, endpoints and so on—resulting in 
diverse data. Developing the standardised 
tests required by regulators to effectively 
assess potentially reduced risk products 
will require new models of collaboration 
in noncompetitive science. “Some 30 years 
ago regulators and experts from the phar-
maceutical industry agreed on a common 
set of standards resulting in regulatory 
guidelines on how to conduct clinical tri-
als,” explains McEwan. “We need this in the 
tobacco industry so that we all submit the 
same sort of data to regulators and there is 
a benchmark for assessing a product’s po-
tential to reduce exposure and health risks.”

AIMS FOR THE FUTURE
 » Continue to explore BoEs and BoBEs, 

including using ’omics analyses of blood 
from participants in our clinical studies 

 » Conduct longer-term BoE studies on 
glo to determine whether reductions in 
levels are sustained and, hence, might 
translate to reductions in smoking-related 
health risks

 » Complete the glo and vapour products 
BoBE study and analyse results to see 
whether switching from smoking ciga-
rettes to an NGP impacts health indicators

 » Publish results of studies in peer-reviewed 
scientific journals

CHALLENGES REQUIRING 
COLLABORATION
 » Continue to disseminate our learn-

ings on harm reduction, encouraging 
CROs to recognise the field as exciting, 
relevant and a potential growth area for 
their business

 » Argue for greater harmonisation across 
the industry and establish industry con-
sortia to develop common standards for 
clinical studies ☐

1. Institute of Medicine (2012). Scientific Standards 
for Studies on Modified Risk Tobacco Products. 
Washington, DC: The National Academies Press.

2. Fearon et al. (2017). E-cigarette nicotine delivery: 
data and learnings from pharmacokinetic studies.  
Am J Health Behav 41: 16–32.

3. Gale et al. (2017). A randomised, controlled, 
two-Centre open-label study in healthy Japanese 
subjects to evaluate the effect on biomarkers of 
exposure of switching from a conventional cigarette 
to a tobacco heating product. BMC Public Health 
17: 673.

4. Gale et al. (2018). Changes in biomarkers of 
exposure on switching from a conventional 
cigarette to tobacco heating products: a 
randomised, controlled study in health Japanese 
subjects. Poster no. 5-188. Society for Research in 
Nicotine and Tobacco, Baltimore, USA, February 
21-25, 2018.
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Collaborating with individual 

inventors is something BAT’s 

teams of scientists embrace. 

The story of how we developed 

the new-to-world vaping 

technology in the upcoming 

Vype iSwitch is a great example 

of our collaborative and inclusive 

approach.
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As part of our efforts to make a step 
change in vaping technology, BAT 
established a Technology Scouting Unit 
to search for novel, potentially disrup-
tive, technologies that could help to 
address the following two key issues.

Electronic cigarettes (e-cigarettes) 
and other vaping devices generally use 
coil-and-wick systems to heat e-liquids. 
Unfortunately, these have the poten-
tial for “dry wicking”, when wicking 
systems dry out or overheat, which 
could result in the formation of toxic 
compounds during use and result in an 
aversive taste. Additionally, consum-
ers are looking for a satisfying sensory 
experience, which we aim to achieve by 
considering areas such as aerosol char-
acteristics and nicotine absorption. 

Enter Helmut Buchberger, at the time a 
senior engineer at Bombardier in Austria, 
who had invented a new plate-based vap-
ing technology that could potentially re-
place the coil-and-wick mechanism widely 
used in e-cigarettes and other vaping 
devices. To turn his idea into a product, 
he quit his job and spent his life savings 
setting up Buchberger Laboratories.

In July 2011, one of BAT’s technology 
scouts, Dominic Woodcock, discovered 
Buchberger’s company and gave him a 
call. “Our first conversation lasted two 
hours,” recalls Woodcock. “Whether 
it was the technology, Helmut or his 
passion, something just sparked.”

Woodcock immediately arranged 
to visit Buchberger at his laborato-
ry in Enns, Austria, where he and 
another colleague spent a couple of 
days evaluating and working on the 
technology with the inventor. 

Six months later, Woodcock asked 
Buchberger to bring his prototype to 
BAT’s R&D facility in Southampton, where 
our Group Scientific and R&D Director 

David O’Reilly tried it out and instantly 
saw its potential. “I was amazed—it was 
the first vaping technology I had ever 
come across that combined the sensation 
and satisfaction of a cigarette, and was 
like nothing I’d ever experienced with 
a coil-and-wick,” said O’Reilly. “It was 
clear this new technology could poten-
tially lead to more satisfying vape.” 

The prototype, however, was clunky and 
awkward, the size of a large glasses case 
and had to be plugged in to mains electric-
ity to work. To make it consumer ready, it 
would need to be miniaturised and every 
component redesigned from scratch. 
Buchberger felt that BAT had the vision 
to transform his prototype into a prod-
uct and signed an initial six-month Joint 
Development Agreement. “Right from day 
1, BAT scientists rolled up their sleeves 
and started working with me,” says Buch-
berger. “As well as being passionate about 
quality, they took care to listen to me and 
make me feel part of the BAT family.” 

A self-confessed historian, Buchberger 
chose to stay at the historical Lainston 
House Hotel in Winchester (just outside 
of Southampton) while he was working 
with BAT’s R&D team. So, senior prod-
uct developer Rory Fraser, the lead on 
the project, would collect him from the 
hotel every morning and they would 
travel together to R&D. Their conversa-
tions often strayed from technology to 
politics, and the wonderful setting of the 
hotel, as well as Lainston’s esoteric library 
collection (full of turn-of-the-century 
encyclopaedias and other exciting tomes).  

Fraser and a substantial number 
of chemists, toxicologists, biologists, 
chemists, microbiologists, aerosol 
physicists, neuroscientists, flavourists 
and mechanical, software and chemi-
cal engineers worked with Buchberger 
over the next 5 years to develop his 

invention into the dynamic vaping 
technology (PureTech) around which 
our new product Vype iSwitch is built.

As mentioned earlier, one of the draw-
backs with poorly designed coil-and-wick 
systems is that the cotton wick can run 
dry (usually when there is not enough 
e-liquid for the wick to absorb), which can 
thermally degrade the aerosol-generating 
glycerol and propylene glycol, producing 
some of the toxicants typically associated 
with combustion. Another issue is poor 
nicotine delivery, leaving some consumers 
dissatisfied. PureTech overcomes both 
these challenges through the use of a 
single, flat metal heater that acts as both 
heater and wick. The way it is constructed 
and constantly fed e-liquid by a capillary 
system means there is no drying out. 

We have been putting the Vype iSwitch 
product through our scientific assessment 
framework (see page 14), and some of 
these results demonstrate potential bene-
fits with this transformational technology. 
For example, levels of the toxicant acrolein 
are 14.9 µg/puff in cigarette smoke, 
reduced to 0.12 µg/puff in our Vype ePen 
e-cigarette, but reduced even further to 
0.02 µg/puff with the PureTech prototype. 

The dimensions of the heater also 
mean that under certain conditions much 
larger vapour droplets are produced 
that seem to carry flavours better than 
traditional coil-and-wick e-cigarettes. 

Although BAT made the final decision 
to acquire the patents to Buchberger’s in-
vention in late 2012, he remains a key part 
of the BAT team who we can call on as 
necessary. “I fell in love with working with 
BAT—they made me feel welcome and 
part of an innovative team,” he said. “It’s 
only through this collaboration that my 
invention has become a disruptive piece 
of technology that is set to revolutionise 
vaping and transform the industry!”  ☐

Collaborative and  
disruptive technology  
with Vype iSwitch





The temperature of the burning coal of 
a cigarette is around 900 ̊ C, generating 
smoke due to pyrolysis and combustion 
of tobacco. When we decided to develop a 
tobacco heating product (THP), we thought 
very carefully about our approach. There 
are many ways to heat tobacco such as plac-
ing a heat source at the tip of the tobacco 
consumable, heating chambers or inserting 
a heated blade into the tobacco. To ensure 
our innovative THP glo heats but does not 
burn tobacco, we used modern consumer 
electronics to develop a precisely engi-
neered unique non-combustion mini-oven. 

The glo THP comprises two main 
functional parts: an electronic handheld 
device containing a two-zone heating 
chamber, and a specially designed tobacco 
rod, called a Neostik, that is inserted into it.

The Neostik is a super-slim rod con-
taining about 260 mg tobacco, which is 
substantially less than the 700–800 mg 
typically contained in a king-size ciga-
rette. The tobacco comprises an innova-
tive and unique blend of ground tobac-
co leaf, which has been reconstituted 
to homogenise it and to incorporate 
a high level of aerosolising agent. 

Once the Neostik is inserted and the 
device switched on (via a single button), a 
rechargeable lithium-ion battery supplies 
energy to the heaters, which takes approxi-
mately 30–40 s to reach target temperature, 
which is set strictly to stay below 245 ̊ C. 
This means that the tobacco is heated 
sufficiently to release nicotine, glycer-
ol and flavourings via evaporation and 
distillation, but not high enough to burn 
it. “We combined our extensive knowledge 
of tobacco combustion and thermophys-
ical science with new understanding of 
the optimum way to release nicotine and 
flavour through heating,” explains Chuan 
Liu, Head of Tobacco Future. The end result 
is a hand-held miniaturised oven that lets 
consumers enjoy tobacco with reduced 

emissions — more like baking tobacco 
rather than incinerating it on a bonfire. 

Heating the entire tobacco rod at once 
means that the tobacco taste can go “stale” 
over time, so glo uses zonal heating and 
the overall heating profile is controlled 
by smart electronics. The staged changes 
in temperature work in concert to ex-
tract the best flavour from the Neostik. 

The Neostik has also been designed to 
deliver aerosol with the optimum amount, 
composition and physical properties (e.g., 
particle size, distribution and aerosol 
temperature). An elongated tube sec-
tion is incorporated together with a line 
of air inlet holes, which are designed to 
provide the right amount of drawing 
effort and to achieve aerosol particles 
suitable for inhalation. “This, together 
with the specialised tobacco materi-
al in the Neostik, ensures a consistent 
and more responsive puff,” says Liu.

After reaching operating temperature, 
each heating session lasts for at least 3 min. 
When the session is finished, the device 
shuts down automatically and the Neos-
tik can be removed. Because glo doesn’t 
burn tobacco, there is no ash or burned 
smell associated with a lit cigarette, and 
the Neostik remains intact after use. This 
helps to maintain the cleanliness of the 
heating oven, ensuring glo’s performance 
is maintained from one stick to the next 
with minimum requirement for cleaning.

To protect consumers while using glo, 
we’ve taken a thermal insulating tech-
nology used in aerospace and medical 
applications for cryogenics and repur-
posed and integrated it into glo to ensure 
the outside of the device doesn’t get hot 
even after multiple back-to-back usages.

The look and feel of glo has also under-
gone extensive industrial design. The result 
is a device that looks sleek and sophisticated, 
with satisfying size and weight. But, as Liu 
says, “the real magic is on the inside.” ☐

Our flagship  
tobacco heating  
product glo
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STEWARDSHIP 

Protecting consumer 
safety

We believe that next generation products, 
such as electronic cigarettes and tobacco 
heating products, hold great potential for 

reducing tobacco-related death and disease. 
Public health bodies in the UK note that 

e-cigarettes are likely to be around 95% 
safer than smoking and not completely 

risk free. So, to safeguard consumers, we 
are helping to lead the industry in using 

toxicological risk assessment to better define 
and further reduce any residual risks.

Whether it is food, bev-
erages or cosmetics, 
responsible compa-
nies in the fast-mov-
ing consumer goods 

sector have a product stewardship process 
in place to protect consumers. We are no 
exception. Given the increasing com-
plexity of our product portfolio, this has 
meant huge changes to the stewardship 
team in recent years; as well as doubling 
in size, the team has brought in experi-
enced toxicologists from the cosmetics 
and pharmaceutical sectors as well as new 
expertise in electronics and engineering.

It goes without saying that we must 
ensure our products comply with 
regulations for the market in which we 
are launching. Guided by the European 
Union Tobacco Products Directive, for 
example, the UK regulator has developed 
a set of requirements aimed at improving 
the safety and quality of electronic ciga-
rettes (e-cigarettes) and the liquids used 
in them (e-liquids). These include banning 
certain ingredients, including colourings 
and active agents (e.g. caffeine and tau-
rine), as well as making packaging child 
resistant and tamper evident. European 
Union regulations also require manufac-
turers to submit dossiers of information 
on their products, disclosing ingredients 
and ensuring that comprehensive elec-
trical safety testing has been completed. 

Unfortunately, regulations in this area 
are in their infancy and standards are still 
evolving. Although vapour product stand-
ards are being developed in some juris-
dictions, it will still take a few years until 
standards can properly underpin regula-
tion, thus ensuring that consumer safety is 
addressed accordingly. And governments 
are only starting to look at how to regulate 

tobacco heating products (THPs). Compa-
nies sometimes have to obtain third-party 
components that have safety certificates, 
but without accepted national or interna-
tional standards, how to interpret safety 
is difficult. In the absence of the pending 
standards initiatives and the varied degree 
to which existing regulations are enforced, 
few companies evaluate potential risks 
associated with their products. “It’s not 
known where the vast majority of products 
out there sit scientifically—better over-
sight is needed to protect consumers in the 
long term,” says Sandra Costigan, Prin-
cipal Toxicologist for vapour products.

She goes on to say that what dif-
ferentiates us from some others in the 
marketplace is that our team of expert 
toxicologists use careful and appropriate 
risk assessment approaches to under-
stand the potential risks of all our NGPs, 
whether established or just emerging. 
“To make sure that consumers are not 
exposed to anything at a level that could 
pose an unacceptable hazard, we go 
above and beyond what is legally required 
to consider products as acceptable.”

OUR APPROACH
The materials and ingredients used in 
our products range from metals and 
plastics to adhesives, bonding agents and 
flavourings, any of which could contain 
contaminants or degrade over time or 
when heated. Just as with food, cosmetics 
and medicines, adding several substances 
together runs the risk of them reacting 
to form other products. So, we make sure 
the materials and ingredients we use are 
of high quality and as pure as possible, 
remain stable when the product is in use, 
and can’t seep out of a seal over time or 
leach into e-liquid. “Of course, not all 

QUICK FACTS
Risk assessments 5000
Novel projects evaluated 238
Money from charity bake sales >£2000
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INGREDIENT RISK ASSESSMENT
RISK ASSESSMENT OF REACTION PRODUCTS 

AND THERMAL BREAKDOWN PRODUCTS

E-liquid formulation

Full quantitative
flavour disclosure

Review toxicological data
on each ingredient

FLAVOUR NOT
SUPPORTED

FLAVOUR SUPPORTED AT
PROPOSED LEVEL OF USE

YES

NO

NO

NO

NO

* CMR: Carcinogenic, Mutagenic, Toxic to reproduction or teratogenic

GC/MS of aerosol

Risk assess compounds 
identified on semi-quantified 

levels

Risk assess proposed levels of 
use for systemic and local 

toxicity

Supplier
confirmed all

flavour ingredients
are food grade and

provided full
disclosure?

Any
ingredients that

are classified CMR*
or respiratory

sensitisers?

Supportable?

Identify peaks not due to 
ingoing ingredients and not 

nicotine-related

Overall risk
assessment

Supportable?

YES

YES

YES

flavour 
assessment

...we also prohibit the use of any 

additives or materials that could 

cause cancer, genetic mutations, 

changes to reproductive mechanisms 

or lead to respiratory allergy 

if inhaled, and additives that 

could produce toxic substances 

when heated are never used

of these scenarios may be a toxicologi-
cal concern but, if they are, we need to 
identify where the unpredicted compound 
came from and eliminate or reduce it 
below levels that might present a con-
cern,” says Costigan. “That’s the critical 
job of BAT’s product stewardship team.”

To identify all the possible ways in 
which a product, its design, manufacture 
or use might fail, for whatever reason, 
including potential misuse or mishaps, 
where appropriate we conduct a Failure 
Modes Effects and Analysis (FMEA), an 
approach first developed by NASA during 
the “Space Race”. The analysis is applied 
to all aspects of a product, which in the 
case of NGPs include the device itself, 
its battery, the consumables, the aerosol 
produced and the potential effects on 
consumers and bystanders. We consider, 
for instance, the consequences of charg-
ing the battery at temperatures outside 
its normal range, the accidental dropping 
of the device onto a hard surface or into 
water, the inadvertent introduction of a 
small metal impurity into the battery cell 
during its manufacture, and how easy is 
it for a child to open a bottle of e-liquid.

The result of an FMEA is a compre-
hensive list of items that we then rank to 
prioritise those of higher risk or likely oc-
currence. “We consider everything we can 
and how likely it is to happen, and work 
to reduce the possibility of critical failures 
occurring,” says David Corkill, Senior 
Scientist for Product Safety. “We might 
eliminate, control or reduce the conse-
quences of each item, perhaps altering 
the design of the product, adjusting the 
manufacturing process, verifying product 
testing to confirm safe performance or 
adding an instruction to the user manual.”

As a result, we have introduced elec-
trical protection circuitry, for example, to 
shut down a device if it gets too hot. This 
helps minimise the potential for our wick-
ing systems to dry out or overheat and 
form toxic compounds during use. We’re 
also working on more battery safety man-
agement features, such as providing ap-
posite on-board monitoring of battery per-
formance that prevents overcharging, and 
coating electrodes with a heat-resistant 
layer to prevent degradation (see page 14).

The FMEA approach, although straight-
forward, is a systematic process that requires 
wide-ranging, cross-organisational knowl-
edge and input from different parts of the 
company, including engineering, R&D, 
quality and marketing. “The majority of 

smaller companies don’t have this multi-
functional capability,” says Corkill. “We 
have an advantage at BAT in that we can call 
upon these resources—we have the infra-
structure that can support it, and we believe 
this helps better protect our consumers.” 

TAKING A CLOSER LOOK
Devices. With electronics now firmly 
embedded in our product portfolio, our 
products undergo safety and reliability 
testing in ISO/IEC 17025-accredited 
facilities to ensure all elements comply 
with UK and international regulations. 
We take great care to ensure our bat-
teries are intrinsically safe, charge and 
discharge without any problem and don’t 
overheat or interfere with other devices. 
We also understand that waste electrical 
and electronic equipment poses environ-
mental and health risks if inadequately 
treated, so we ensure our products are 
screened to reduce the volume that goes 
to disposal. “Our products are awarded 
third party certification within the IEC 
[International Electrotechnical Com-
mission]’s certified body conformity 
assessment scheme, especially for product 
safety, battery safety and electromag-
netic compatibility,” says Corkill. “This 
demonstrates that they comply with the 
relevant safety and quality standards, 
are globally fit for international market 
placement, and that we have consisten-
cy in our manufacturing processes.”
Consumables. The same high standards 
are applied to the e-liquids and Neostiks 
(the tobacco rods for our THPs) used in 
our products. Our e-liquids, for exam-
ple, are manufactured in the EU and use 
pharmaceutical-grade nicotine. Only 
flavourings and ingredients of food-grade 
quality are considered for use; we also pro-
hibit the use of any additives or materials 
that are classified as carcinogenic, causing 
genetic mutations or reproductive toxicity, 
or lead to respiratory allergy if inhaled. 
Vapour and aerosols. To look for poten-
tially toxic compounds in the aerosols 
produced by our products, we use both 
targeted and untargeted approaches, com-
paring levels to aerosols from cigarettes and 
other NGPs. We consider acceptable level 
benchmarks from other industries, such 
as pharmaceuticals, cosmetics, food and 
occupational exposure, and if our levels 
are unacceptably high, we work with our 
product development teams to reformu-
late until the risk is no longer a concern.

“There may be some inherent risks 
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RISK ASSESSMENT OF REACTION PRODUCTS 

AND THERMAL BREAKDOWN PRODUCTS
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of using NGPs but these may be ac-
ceptable when compared to continued 
cigarette use,” says Costigan. “Everything 
we do is with a view to making sure 
our products are at the best standard 
of known science and don’t add any 
unacceptable risks to the consumer.”

RECENT PROGRESS
In response to news reports warning 
vapers about inhaling formaldehyde, 
we studied daily formaldehyde expo-
sures from three of our Vype e-cigarette 
products: a rechargeable ‘cig-a-like’ 
device, a refillable open tank system 
and a closed modular system set to 
worst case, high-voltage conditions. The 
results show that even during intense 
or heavy use, the amount of formalde-
hyde produced by these products is over 
ten times less than the formaldehyde 
yield from a cigarette, and well below 
the threshold permitted through occu-
pational health exposure guidelines. 

Another area of focus has been flavour-
ings, some of which are known to cause 
allergic reactions. Currently there are 
no regulatory vaping-related restrictions 
regarding their use, and many smaller 
companies are unable to employ toxi-
cologists or don’t know how to conduct 
toxicological risk assessments. To help, 
and having already published our view on 
the responsible use of flavours in vap-
ing products1, we devised and published 
the first practical guide for allergy-safe 
use of e-liquid ingredients, including 
flavours2. Recently, we also evaluated 
flavourings that might be used in THPs 
and found that their inclusion within 
Neostiks does not alter the chemical 
profile or effect of the resulting aerosol3.

Additionally, we have studied citric 
acid, which is another common e-liquid 
ingredient. Although it occurs naturally in 
the body, is ‘generally recognised as safe’ 
in the USA, and is used in pharmaceutical 
inhalation products, some of our research 
shows that citric acid can degrade at the 
operating temperatures of some vaping 
devices to form respiratory sensitisers. 
If inhaled, these can trigger an allergic 
reaction. “So we don’t use citric acid in our 
e-liquid formulations, and we recommend 
any manufacturer screens for respiratory 
sensitisers before commercialising e-liq-
uids containing citric acid,” says Costigan.

Likewise, the organic compound 
diacetyl is reportedly present in many 
e-liquids. Although widely used as a food 

flavouring, inhaling diacetyl in occupa-
tional settings has been associated with 
respiratory problems and the condition 
commonly known as “popcorn lung”. We 
therefore prohibit it in our e-liquid for-
mulations. Because some manufacturers 
use acetoin as an alternative to diacetyl, 
we investigated the relationship between 
acetoin and diacetyl in nicotine-con-
taining e-liquid. We found that acetoin 
converts to diacetyl over time and should, 
therefore, also be carefully considered 
when used as a flavour ingredient.

In the absence of detailed regulations 
for NGPs, standards and guidelines 
become critical. We continue to advocate 
for product standards along with other 
e-cigarette manufacturers, and we have 
contributed to the world’s first voluntary 
standards on e-cigarettes, created by the 
French Standards Institute AFNOR and 
the British Standards Institute. All our 
research and findings are readily available 
for other manufacturers and regulatory 
bodies looking to develop evidence-based 
legislation and product standards. 

“As NGPs evolve, we are continuing 
to adopt new approaches to ensure our 
robust stewardship continues,” says Costi-
gan. “It’s a big challenge, but we are well 
focused on ensuring we put the best prod-
ucts on the market in terms of safety—and 
consumer appeal—to give smokers the 
confidence to try and switch to our NGPs.” 

AIMS FOR THE FUTURE
 » Contribute to the development of 

global voluntary and regulator product 
standards for e-cigarettes, THPs and 
other NGPs

 » Quantify the risk and potential 
harm-reduction benefits of NGPs using 
the latest scientific data 

 » Continue to communicate and publish 
our approaches to the risk assessment 
of NGPs to enable dialogue and engage-
ment with scientists and regulators

 » Introduce high throughput 21st century 
toxicological methods to enable rapid 
assessment of NGPs ☐

1. Costigan S & Meredith C (2015). An approach 
to ingredient screening and toxicological risk 
assessment of flavours in e-liquids. Regul Toxicol 
Pharmacol 72: 361–369.

2. Costigan S & Lopez-Belmonte J (2017). An 
approach to allergy risk assessment for e-liquid 
ingredients. Regul Toxicol Pharmacol 87: 1–8.

3. Crooks I, et al. Evaluation of flavourings 
potentially used in a heated tobacco product: 
Chemical analysis, in vitro mutagenicity, 
genotoxicity, cytotoxicity and in vitro tumour 
promoting activity. Food Chem Toxicol, in press.
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BAT’s Southampton site is 
where, in 1956, our R&D 
department was first 
established with just five 
newly recruited scientists and 

three engineers in a temporary laboratory. 
Fast-forward some 60 years, and we have 
several hundred R&D employees in what 
is now our central R&D facility, with 
another group of scientists located at our 
Plant Biotechnology unit in Cambridge.

The R&D team is focused on research-
ing, developing and commercialising next 
generation tobacco and nicotine products, 
which are potentially less risky alterna-
tives to conventional cigarettes. We now 
employ scientists with expertise in biology, 
chemistry, biochemistry, genetics, toxi-
cology, biotechnology, consumer science, 
electronics and many more disciplines. 

As the industry has transformed, so 
has our site and its surroundings. What 
was originally a lone factory in a de-
veloping area is now a state-of-the-art 
R&D centre in the heart of a vibrant 
residential community that has grown up 
around the site over the past 93 years. 

Since the factory closed in 2006, the 
buildings have gradually been repurposed, 
and we have significantly improved the 
site. In the past 7 years, we have invested 
over £36m in the operation, improving the 
facilities and infrastructure as our employ-
ee numbers continue to grow. Ongoing 
investment in sophisticated equipment and 
laboratories, new office spaces, and recrea-
tional facilities for employees demonstrate 
not only confidence in our business but also 
commitment to the future and the city. In 

January 2017, Southampton’s Mayor, Coun-
cillor Catherine McEwing, unveiled the re-
sults of a £4m investment, which enabled us 
to convert an old, unoccupied building into 
much needed office space. The site really 
is a physical manifestation of the transfor-
mation of the tobacco industry as a whole.

GOOD CORPORATE CITIZEN
As part of ongoing commitment to the local 
community and to mark the factory closure 
in 2006, we established the Centenary Leg-
acy Fund, a £750,000 charitable donation 
to benefit the city and surrounding area. 
The funds are managed by the Hampshire 
and Isle of Wight Community Foundation, 
which is part of a national network of com-
munity foundations dedicated to managing 
and distributing financial resources on 
behalf of donor individuals and organ-
isations. To date the fund has provided 
more than £442,000 in grants, helping over 
454,000 people living in the local commu-
nity. By setting up drop-in centres where 
people can learn to improve their interview 
skills and access technology, the grants 
help people overcome potential barriers to 
employment. “The idea of the long-term 

legacy fund is to support employment and 
community initiatives or projects that will 
benefit the Southampton community,” says 
Alex Osborne, Senior Communications 
Manager. “We hope BAT’s support will at-
tract more donations for local charities and 
other worthwhile projects in the future.”

As part of our Corporate Social Re-
sponsibility plan to invest in the commu-
nity, we also run “Community Challenge” 
a program of employee volunteering 
whereby BAT employees give up a day 
to work on projects in partnership with 
the local organisation Business in the 
Community. In the past eight years, we 
have clocked up 2700 hours of employee 
time on community projects. In 2016, for 
example, 44 volunteers worked at Alder-
moor Community Farm, which supports 
vulnerable people who face social disad-
vantage. BAT volunteers tackled a variety 
of jobs, such as building a polytunnel 
and pergola, establishing an herb garden 
and fish pond, and replenishing annual 
vegetable plots. And in 2017, 53 volunteers 
worked on redecorating Southampton 
Sight, an award-winning local charity 
supporting people living with sight loss.

“BAT has been present in Southampton 
for the past 104 years and continues to be 
one of the city’s top five largest employers 
offering great employment opportunities 
across an incredibly broad range of skills,” 
says David O’Reilly, Group Scientific and 
R&D Director. “We take great pride in the 
contribution we make to Southampton’s 
economy and our long-history of support-
ing the local community around us — a 
tradition that will continue.”  ☐

INSIDE BAT — SOUTHAMPTON 

Committed to the future 
and the community

BAT has a long, rich history in 

Southampton, having opened its first 

factory there in 1913 and the current site at 

Regents Park Road in 1925. Today, we are 

one of the top five employers in the city, 

providing high-value jobs and supporting 

the broader community.

In 2017, 53 volunteers worked on 
redecorating Southampton Sight, an 

award-winning local charity supporting 
people living with sight loss.
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“Many of my friends couldn’t believe 

the number of courses I had been 

on, BAT really invests a great deal 

in their placement students.”
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The diversity of our workforce 
has always been a key strength 
for BAT. Today, our global 
R&D community is around 
1,100 staff, representing 40 

different nationalities, and more than 
26% hold a PhD. Several hundred staff 
are entirely focused on research into next 
generation tobacco and nicotine products 
(NGPs). This reflects the fact that BAT 
and the wider tobacco industry are in 
the midst of a major transformation, 
from manufacturing a single agricultural 
product — the cigarette — to being a multi-
category tobacco and nicotine company 
focused on consumer electronics. We are 
developing vapour products and tobacco 
heating products, as well as working on 
innovations that will be the foundation 
of future product categories. This 
transformation is being enabled by people 
with new skills, who we are looking for and 
finding in many other sectors including 
pharma, food and fast-moving consumer 
goods (see page 4). New graduates 
who would never have considered the 
tobacco industry are now willing to 
take a closer look, and the traditional 
fields of chemistry and engineering have 
been joined by biology, biochemistry, 
genetics, toxicology, biotechnology, 
consumer science, and electronics, and 
we now offer roles that include three-
dimensional modelling and electronic 
engineering, along with innovative flavour 
developers and technology scouts. 

R&D: THE NEXT GENERATION 
Since 1999, we have run an industrial 
placement scheme, offering around 10 un-
dergraduates a year the chance to work in 
industry for a year as part of their degrees. 
Students are valued members of project 
teams and gain an insight into what it’s like 

to work for one of the UK’s biggest compa-
nies at a time of huge change. Some univer-
sities are happy to encourage their students 
to apply to our scheme, as it provides their 
undergraduates with many opportunities 
to develop key skills, making them more 
employable through the experience. The 
company’s scheme has often placed among 
the top 10 at the National Undergraduate 
Employability Awards. This has translated 
into increasing interest in the program, and 
we are currently reviewing more than 300 
applications for the 2018–19 intake! For us, 
the success of this program speaks for itself, 
with positive feedback from the students 
as well as the number who return to BAT 
R&D and take up permanent roles. One of 
our placement students from 2014–15 was 
Shasa Harris (MChem), who has talked to 
us about her experiences and why she came 
back to BAT. Shasa’s placement was in the 
Aerosol Characterization team, and she 
is now a technologist working on ground 
breaking NGPs.  

INTERVIEW
What attracted you to apply for a role 
at BAT? What were your priorities 
when applying for your placement? Did 
you have any concerns about applying 
to work at a tobacco company? 

I think it’s natural to have concerns given 
the controversy surrounding the tobacco 
industry, but what stood out to me when 
applying to BAT was the ground-breaking 
research they were conducting in order 
to provide potentially safer alternatives 
for smokers. BAT are very open about 
the research they conduct, which really 
helped when I was researching potential 
placements. I was also very open-minded 
when I was applying for placements — the 
main priority for me was that I would have 
the chance to see all aspects of a business, 

INSIDE BAT — PEOPLE 

Transforming our 
workforce

The tobacco industry is in the middle of a 
remarkable transformation, in which people 

and new skills are playing a critical role. 
Do you want to know more about what it 

would be like to work at BAT R&D? Here we 
focus on the “year in industry” scheme that 
we have been running for undergraduates 
since 1999, and talk to one of the students 

that joined us permanently after finishing her 
degree. 

QUICK FACTS
Global R&D staff 1100
R&D staff with PhDs 26%
Nationalities of staff >40
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including working in a laboratory (maybe 
even with equipment I wasn’t exposed to at 
university), report writing as well as general 
administrative tasks that are part of any job. 
I also hoped I’d be sent on some training 
courses. In short, I wanted the experience 
to help me build up my CV! BAT offered 
me everything I needed to make my place-
ment a memorable experience and allowed 
me to develop and grow. 

What was it in your placement year that 
made your say ‘I want to come back 
here when I’ve finished my degree’? 

Everyone was so friendly and helpful during 
my placement year so if I had to choose one 
reason to come back it would be the people. 

How did your placement compare with 
those your fellow students completed? 
My placement seemed a lot richer than 
many of my classmates. I was able to work 
on multiple projects alongside my main pri-
ority and the training we received at BAT 
was second to none. Many of my friends 
couldn’t believe the number of courses I 
had been on, BAT really invests a great deal 
in their placement students.

What is the biggest challenge you face 
in your job? 
The biggest challenge in my current job is 
the fast-paced nature of the business, things 
can change in an instant and you need to 
be prepared for that. BUT this is also what 
makes my job so exciting and rewarding!

How do you see BAT changing to meet 
the needs of the future? 
I see BAT becoming even more diverse 
in their offerings to consumers. With the 
world changing so that consumers can 
have everything they want at the click of a 
button, it is important that companies like 
BAT are able to keep up and provide their 
consumers with products they enjoy and 
want to use.

How do people react when you tell 
them you work for BAT? How do you 
respond? 

I have been very lucky, I have never had 
anyone react negatively when I say I 
work for BAT. If anyone ever did, I would 
respond by explaining the work we are 
doing at R&D to offer smokers potentially 
less harmful alternatives. And I believe the 

environment around working for compa-
nies like BAT has changed enormously. 
With the social understanding of vaping 
and other alternative products, people are 
less likely to react negatively to BAT when 
they know that we are leading the research 
on harm reduction.

What is the most interesting thing you 
have learnt while working at BAT? 
While at BAT, I have been lucky enough 
to partake in a number of different market 
research sessions. The most interesting 
thing I have learnt is how different other 
cultures are and the role that our products 
can play in different people’s lives. For 
example, having visited Japan, I now know 
that consideration for those around you is 
an important driver in the products that 
Japanese consumers choose to use. 

Have you got any advice for someone 
following in your footsteps? 
If I were to give one piece of advice, it 
would be “Go for it!” and apply for the BAT 
undergraduate placement scheme — take 
every opportunity that is given to you and go 
searching for opportunities of your own!  ☐

for the science supporting  
next-generation products

follow the leader
@BAT_Sci

BRITISH AMERICAN TOBACCO R&D
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There is a growing consensus 
that there is a risk continuum 
for nicotine delivery products, 
and most products that do not 
combust tobacco are likely to 

be substantially less risky to use than smok-
ing cigarettes. For the past eight years, we 
have been developing potentially reduced 
risk next generation tobacco and nicotine 
products (NGPs), such as e-cigarettes 
and tobacco heating products (THPs).

The gold standard to demonstrate that 
these products are less risky is epidemiology, 
but it would take 25 to 30 years to collect 
data in relation to many of the chronic dis-
eases related to smoking. So we are taking 
a weight of evidence approach to evaluate 
where these products sit on a risk continu-
um1. The latest technologies adopting 21st 
century toxicological approaches2 include 
the advances in human tissue engineering 
and computational toxicology, along with 
harnessing molecular biology techniques. 
These advances are also allowing us to 
analyse the mechanistic processes that 
underlie many smoking-related dis-
eases (in particular oxidative stress). 

To ensure that our NGPs meet high 
quality standards, we extensively test their 
safety by looking for and measuring poten-
tially harmful effects relative to cigarettes 
(see page 32). As part of this, we run a wide 
range of in vitro toxicity tests — lab studies 
that don’t involve humans or animals.

Classical in vitro regulatory toxicology 
tests are used in other industries, includ-
ing cosmetics and pharmaceuticals, and 
they have been adapted for use in test-
ing cigarette smoke and, more recently, 
aerosols from NGPs. These types of tests 
are conducted on simple cell systems 
—using monolayers of cells grown in a 
dish. Under well-defined laboratory and 
experimental conditions, we expose the 

cells to cigarette smoke or aerosol from 
one of our NGPs, and assess and compare 
them afterwards. We examine, for instance, 
whether the cells have died as a result 
of exposure (cytotoxicity), or whether 
they show signs of DNA damage, or any 
mutations or changes that could lead to 
the potential formation of tumours.

Results from a battery of these tests 
show that, in stark contrast to cigarette 
smoke which gives rises to a great deal of 
biological activity in most tests, vapour 
from our e-cigarette Vype ePen or aero-
sol from our THP glo is substantially less 
toxic to cells, doesn’t cause mutations, and 
doesn’t promote the formation of tumours 
in these laboratory test conditions1,3.

These tests are based on well-established 
methods, and regulators have issued clear 
test guidance on how to conduct them, en-
suring standardisation across laboratories. 
There are drawbacks, however, as some tests 
don’t use human cells, and perhaps more 
importantly, human-derived tissues such as 
airway tissue are much more complicated 
than a single layer of cells — meaning that 
its behaviour and response to smoke or 
vapour, especially over the long term, could 
differ greatly from what we see in a dish. 
Finally, many of the standardised tests use 
only part of the aerosol (the part that can 
be collected easily) and cell are exposed in 
submerged conditions. So we have also been 
pioneering the use of the whole aerosol in 
a more physiologically relevant scenario 
— at the air–liquid interface (see box). 

For more meaningful assessment, we and 
others have been leading the way in the use 
of 3D tissue models that more accurately 
reflect the structure and function of normal 
human airway tissue. We have adapted 
smoking machines so that we can expose 
these 3D models to aerosols at exposures 
that more closely resemble how consumers 

IN VITRO TESTING 

Building the evidence 
base

We believe that the use of cutting-edge 
21st Century toxicological approaches to 
product testing will greatly improving our 

ability to evaluate potential hazards posed 
by new tobacco and nicotine products. 

We advocate that a modern, non-animal 
testing paradigm is needed for this emerging 

product category. 

QUICK FACTS
Papers published to date 81
Ongoing collaborations >15
Cell plates ordered (2017) 1500
‘Tough Mudder’ races completed 50
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actually use NGPs. And to be certain that 
the cells are being exposed to what we think 
they are, we measure the amount of nicotine 
in the aerosol as it is generated, and again 
on the cells after they’ve been exposed to it. 
By analysing the integrity and function of 
the 3D tissue models after exposing them 
to vapour or smoke, we can better assess 
the biological impact it has had. “By using 
human cells and human 3D reconstruct-
ed tissues where possible, not only do we 
avoid animal testing, but we can be more 
confident in extrapolating the findings to 
what actually happens in humans,” ex-
plains senior scientist Damien Breheny.

Results from these more sophisticated  
in vitro tests suggest that our vapour prod-
ucts and THPs have much reduced or no 
toxic effect compared to cigarette smoke.  

These products, however, are unlikely 
to be completely risk free. So we are also 
investigating and developing test models 
that are even more realistic. And, in an 
effort to identify the more subtle changes 
that vapour might be causing but that other 
methods are too blunt to detect, we’re also 
taking a more holistic, systems biology 
approach to understand the impact that 
aerosols from our NGPs have on cells.

SYSTEMS BIOLOGY
The human genome has over 25,000 
genes, and the pattern of genes that are 
switched on and off in response to cig-
arette smoke or aerosol from one of our 
NGPs can be used to understand wheth-
er exposure has had a toxic effect. 

We have exposed a 3D lung tissue model 
to cigarette smoke, vapour from Vype 
ePen or aerosol from glo for an hour and 
compared the effects on gene expression. 
The results clearly show that exposure to 
cigarette smoke has a strongly adverse 
effect on cells, triggering thousands of 
changes in expression of genes involved 
in oxidative stress, inflammation and 
fibrosis, which are cellular processes that 
underlie smoking-related diseases such as 
lung cancer and COPD (see Figure 1). In 
contrast, exposure to vapour from Vype 
ePen4 or aerosol from glo5 induces very few 
changes in gene expression — it’s a striking 
difference. “The advantage of this approach 
is that it gives us a broad view and compre-
hensive understanding of the impact that 
cigarette smoke or aerosol from an NGP has 
on respiratory tissue,” says senior scientist 
Emmanuel Minet. “These types of molecu-
lar-level studies have the potential to allow 
us to screen a variety of different aerosols 
and detect subtle biological changes that 
might be missed by more targeted tests.”

Going forward, we are planning to 
conduct similar experiments over days or 
weeks to study the effect of more realistic 
long-term exposure to various aerosols. 
We are also trying to identify gene sets 
specific to tobacco-specific diseases to 
establish models that relate better to COPD, 
cardiovascular disease and lung cancer. 

MOVING TOWARDS CONSENSUS
Meanwhile, e-cigarettes, THPs and the 
innovation behind them are evolving 

Our exposure chamber
We have developed a special exposure cham-
ber system (pictured on page 41) that allows us 
to deliver whole smoke or aerosol to lung cells 
at the air–liquid interface, a much more physi-
ologically relevant testing scenario than tradi-
tional tests. Both simple lung cell cultures and 
more complex 3D tissues can be used in the 
chamber; this system is allowing us to conduct 
all sorts of lab-based biological tests that allow 
accurate comparison between the impact of 
cigarette smoke and NGP aerosols.

Lung cells can be grown inside wells in the 
chamber, and are supported on a permeable 
membrane. They are fed by nutrient media from 
the bottom, while the top of the cells are ex-
posed to aerosols, thereby mimicking lung cell 
exposure conditions in the body. Experiments 

are conducted at body temperature (37 °C).
We have also been able to use the cham-

ber to satisfy ourselves about what aerosol dose 
cells are receiving during exposure tests. To 
weigh the aerosol, some wells are removed and 
replaced with a tiny weighing scale — a quartz 
crystal microbalance or QCM  — a  device so 
sensitive that it can accurately weigh a puff of 
smoke. It means that we can assess the amount 
of aerosol being delivered to the wells and sub-
sequently to the lung cells.

“There have been several studies comparing 
the impact of NGP aerosols with that of ciga-
rette smoke on cellular models, and there are a 
lot of great data out there,” says senior scientist 
David Thorne.  “When there is a partial response 
or no response at all, this can be interpreted as 

an NGP aerosol having little biological impact 
compared to cigarette smoke.  But what if it just 
means we are losing the aerosol and exposing 
the system to air?’ he asked. “We had to be cer-
tain, and developing this technique and the re-
sults produced suggest that we can be confident 
in the results of our cellular tests”.

In an effort to improve method standardi-
sation in this area, for a number of years we 
have been sharing chambers with interested 
scientists (in both academia and industry), 
along with instructions and advice on how to 
use them. This BAT innovation can be found in 
labs all around the world, from the US to China 
and Europe, and has also started to help play 
a part in the critically important independent 
scientific verification. 
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rapidly. There are already a huge variety 
of devices and vast number of different 
e-liquid flavours (some 8000) on sale, many 
unlikely to have been subject to much 
testing. Although a wealth of new tech-
nologies is available to enable faster, more 
accurate, and more physiologically relevant 
assessment of NGPs, a lack of testing 
standards across the industry is a concern. 

The use of high content screening (HCS) 
techniques offers opportunities in the 
safety assessment of NGPs, providing faster 
information in the early stages of product 
innovation and development, supporting 
traditional in vitro toxicological approaches.

These products are still relatively new, 
and government regulatory frameworks are 
still being created and refined. Developing 
standardised tests to assess NGPs is very 
much an area of non-competitive science 
that the regulator and regulated industry, 
along with academia and public health can 
work together to agree. In the meantime, 
we believe it is important to continue to in-
form regulators by submitting results from 
our advanced in vitro toxicity and systems 
biology assessments as part of overall 
data packages supporting our NGPs. 

We have a strong heritage in science 
engagement, and to promote best prac-
tice, we openly share and our research at 
many scientific conferences, and welcome 
dialogue with other scientists. We are 
increasingly being invited to participate in 
symposia at important conferences in the 

toxicology area. We publish extensively in 
this area, both development of new assays 
as well as results from testing our products. 
All of our publications, including mate-
rial presented at scientific conferences, is 
available via the library of bat-science.com.

AIMS FOR THE FUTURE
 » Continue to publish the latest datasets 

on our NGPs 
 » Do more to integrate in silico and in vitro 

toxicology assessments.
 » Look at scientific ways to bridge between 

datasets, facilitating more efficient prod-
uct development by avoiding duplication 
of tests. ☐
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modular electronic cigarette. Regul Pharm Toxicol. 
90: 342–357.
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on the Validation of Alternative Methods). 2018. 
A Strategic Roadmap for Establishing New 
Approaches to Evaluate the Safety of Chemicals and 
Medical Products in the United States. Available: 
https://ntp.niehs.nih.gov/go/iccvam-rdmp. 

3. Murphy JJ et al. (2017). Assessment of tobacco 
heating product THP1.0. Part 9: The placement of a 
range of next-generation products on an emissions 
continuum relative to cigarettes via pre-clinical 
assessment studies. Regul Toxicol Pharmacol 93: 
92–104. 

4. Haswell L et al. (2017). Reduced biological effect 
of e-cigarette aerosol compared to cigarette smoke 
evaluated in vitro using normalized nicotine dose 
and RNA-seq-based toxicogenomics. Sci Rep 7: 888.

5. Haswell L et al. (2018). In vitro RNA-seq-based 
toxicogenomics assessment shows reduced 
biological effect of tobacco heating products when 
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Fig 1.  Exposure to cigarette smoke (left) triggers thousands of changes in 
expression of genes in processes that underlie development of smoking-related 
disease. In contrast, aerosol from glo (right) induces far fewer disease-relevant 
changes in gene expression.
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Adverse outcome pathways
Epidemiology can tell us that exposure to a 
particular substance is associated with dis-
ease development, and traditional in vitro 
studies focusing on toxicity endpoints such 
as oxidative stress can tell us whether some-
thing is indeed toxic. But we need to establish 
a mechanistic understanding of exactly how 
exposure to a substance can result in disease. 
This is where the adverse outcome pathways 
(AOPs) come in. “An AOP is a framework that 
pulls all the biological knowledge together 
into one place to support a specific mode of 
action,” says Frazer Lowe, Senior Scientist. “It 
helps us to determine a plausible link between 
exposure to a hazardous substance and de-
velopment of a disease and, for a specific 
toxic effect and disease of interest, can tell us 
which tests to run and why.”

To construct an AOP, we take a starting point 
(or molecular initiating event), such as oxidative 
stress (seen when cells are exposed to cigarette 
smoke, for example), and propose a path-
way—a sequence of key events in the body—
that leads to the disease (or adverse outcome) 
we’re interested in. We then conduct an exten-
sive peer-reviewed literature search for hard 
scientific evidence to assess the plausibility and 
biological sense of each step in the pathway. 
The resulting AOP tells the story of how oxida-
tive stress can result in disease development, 
with a deeper level of scientific understanding 
that could be achieved with clinical tests.

“As we travel along the pathway, we move 
from the initial event at the molecular level, to 
events in the cell, then the tissue, the body, and 
eventually even the population,” says Lowe. 

“And because it reflects the biology of a dis-
ease and how it develops—not the chemicals 
or mixtures of compounds that spark it off in 
the first place—an AOP is suitable for testing 
the effects of an unknown mix of chemicals 
generated by new products.”

The AOP development program was estab-
lished by the OECD in 2012 to make better 
use of increased knowledge of how chemicals 
induce adverse effects and, together with the 
US Environmental Protection Agency and the 
European Commission Joint Research Centre, 
launched the AOP Knowledge Base in 2014 
(http://aopkb.org/background.html).

In collaboration with Philip Morris Interna-
tional, we have developed two AOPs demon-
strating how oxidative stress, a toxic effect 
caused by cigarette smoke, can impact the 
respiratory and circulatory systems, resulting in 
disease. “We are actually the first industry to 
build AOPs that are focused on human diseas-
es,” says Lowe.

One of our AOPs shows the sequence of 
molecular events that eventually culminate in 
impaired lung function6. Initially, oxidative stress 
caused by exposure to cigarette smoke leads to 
the activation of a receptor on the airway ep-
ithelium, which in turn increases the number of 
mucous-producing cells and the amount of mu-
cus they produce. The overproduction of mucus 
over time leads to impaired lung function. 

We’ve done the same for high blood pres-
sure, a risk factor for cardiovascular disease. 
Our AOP shows how exposure to cigarette 
smoke can increase oxidative stress in the lining 
of blood vessels, disrupting the bioavailability 

of nitric oxide. This impairs dilation of blood 
vessels, which, over time, can increase blood 
pressure7.

Our collaborative, novel work on these AOPs 
was recognized by an award from the PETA 
International Science Consortium in January 
2017 for contributing to non-animal approach-
es in the prediction of adverse health effects. 
“By using AOPs, we are not only protecting 
human health but also advancing the field of 
non-animal testing,” says Lowe.

To promote collaboration and comment from 
the external community, the AOPs are available 
on AOP wiki (https://aopwiki.org/aops/149 
and https://aopwiki.org/aops/148), an in-
teractive repository aimed at making AOPs 
suitable for supporting regulatory decision mak-
ing. “We are currently preparing our AOPs for 
formal review by the OECD,” says Lowe. “Ulti-
mately, if the OECD gives the go ahead and the 
AOPs are accepted by the scientific community 
and regulators, investigators might only need to 
run in vitro tests to assess products for their po-
tential to cause these specific disorders, which 
could avoid the need to conduct costly and 
time-consuming clinical studies.”

6. Luettich K et al. (2017). The Adverse Outcome 
Pathway for oxidative stress-mediated EGFR 
activation leading to decreased lung function. Appl 
In Vitro Toxicol 3: 99–109. 

7. Lowe FJ et al. (2017). Development of an Adverse 
Outcome Pathway for the onset of hypertension 
by oxidative stress-mediated perturbation of 
endothelial nitric oxide bioavailability. Appl in Vitro 
Toxicol 3: 131–148. 
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?

UNDERSTANDING USE 

Behavioural research

Understanding consumer behaviour is key to rapidly developing next generation products (NGPs) and ensuring we accurately test these 
products in a way that reflects real-life use.
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The emergence of next gener-
ation nicotine and tobacco 
products (NGPs), including 
vapour products and tobacco 
heating products (THPs), holds 

great promise to potentially reduce the harms 
associated with smoking cigarettes. Under-
standing consumer behaviour—why people 
use our products and how—is critical. First, 
from the perspective of scientifically testing 
new products, understanding real-life use 
allows us to recreate the same exposures in 
the laboratory, ensuring a more detailed and 
accurate assessment of their impact (see page 
41). Second, behaviour insights are help-
ing us develop products that are appealing 
to smokers, encouraging more of them to 
try NGPs as an alternative to smoking.

CALCULATING EXPOSURE
Typical smoking behaviour is well established 
and can be replicated in a standardised man-
ner by smoking machines programmed to 
use a specific puff rate, volume and duration. 

More extreme patterns of 
smoking behaviour are also 
well known, allowing testing 
regimes to simulate worst-
case exposures. In contrast, 
NGPs are so new that 
there is still debate about 
what constitute standard 

and extreme puffing regimes. To help us 
understand how different people use differ-
ent NGPs, and whether these behaviours 
differ from those of smokers, we conduct 
consumer behaviour research studies both 
before and after a product is on the market.

The first step is to measure average daily 
consumption. We conduct market sur-
veys asking consumers to self-report their 
usage (for example, quantities of e-liquid 
or Neostiks per day). For example, we 
wanted to understand how consumption 
varies for the same or different devices, 
so we surveyed over 1000 people using 
a web-based questionnaire. We found 
that consumption can vary both between 
consumers and in single consumers using 
different product types. These data allow us 
to understand frequency of product use.

Next, we analyse consumers’ puffing 
behaviour/topography, characterised as 
the rate of puffs, puff volumes and du-
ration, the amount of smoke or vapour 
typically taken into the mouth (termed 
mouth-level exposure or MLE), the expe-
rience of the taste, throat catch and so on.

We can measure puffing topography 
and MLE in real time using the SA7, a 
special smoking analyser1 that we originally 
designed to help us understand smokers but 
have recently modified for use with vapour 
products2 and THPs3. The SA7 comprises a 
holder through which the product is smoked 
or vaped (Figure 1). The flow of smoke or 
vapour to the consumer’s mouth is meas-
ured by recording the pressure on each side 
of a stainless steel cavity inside the holder 
and converting the change in pressure to 
indicate volume of smoke or vapour, the 
time taken to draw it into the mouth, and 
the length of time between puffs. “If we find 
a new product causes changes in the way a 
consumer puffs, for example, we can then 
reflect that in our lab tests to make sure that 
product testing is realistic and relevant,” says 
Krishna Prasad, In Use Studies Manager.

At the same time, the optical density 
of the smoke or vapour passing through 
the holder is measured using an LED and 
a detector: when no smoke or vapour is 
present, 100% of the light from the LED 
reaches the detector, but when smoke or 
vapour is present, some light is blocked and 
less reaches the detector. These data can be 
used to estimate the MLE of the constituents 
in the aerosols, which in turn allows us to 
estimate what consumers are being exposed 
to. “Through optical reading, we can estimate 
in real time the amount of tar or vapour 
entering the user’s mouth,” says Prasad.

Use of oral smokeless tobacco products, 
such as Swedish-style snus, involves very 
different behaviours. To understand how 
consumers interact with this type of product, 
we conducted several surveys looking 
product types used, daily consumption and 
frequency/patterns of use. This data then 
informed our exposure studies, allowing 
us to accurately assess what a consumer is 
exposed to when using snus (see page 22). 

These behaviours are very different 

to those of smokers, making it 

less likely that an established 

vaper will revert to smoking

QUICK FACTS
Recruits for studies 800
Topography readings 4,800
Dishwasher runs for testing equipment 688
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Once a product is on the market, we 
conduct cross-sectional studies of the wider 
population to assess broader patterns of use, 
feeding data into our population models (see 
page 50).

RECENT PROGRESS
We used the modified SA7 to examine 
the behaviour of 60 vapers and showed it 
varies with the type of e-cigarette used. On 
average, users of the Vype ePen, a modular 
device, took fewer puffs but inhaled larger 
volumes of aerosol than users of a cig-a-
like product2. Our results indicate that the 
machine puffing methodology (CRM 81) 
recommended by CORESTA (the Co-
operation Centre for Scientific Research 
Relative to Tobacco) is representative of 
and well aligned with how consumers use 
these devices2. “Currently, there are no 
internationally agreed standardised testing 
protocols that measure the emissions of 
e-cigarette aerosols in a life-like manner,” 
says Prasad. “This sort of understanding of 
how vapers use their products could help to 
establish the standardised protocols needed.”

We have also examined what happens 
when consumers use glo, one of our THPs. 
As expected, and similar to vapour products, 
there is significant reduction in MLE for 

consumers compared with cigarette smokers. 
This is reflected in the puffing topography, 
where the total and mean puff volumes were 
larger and the puff intervals shorter with 
glo than with cigarettes. Although mean 
puff volumes were larger for naïve users 
of glo compared with experienced users, 
after a short familiarisation period (around 
4 days) there was little difference between 
the two groups. These results suggest that 
the machine puffing methodology we have 
been using in our laboratory tests (the 
Health Canada Intense regime modified in 
the case of glo, in which venting holes are 
not blocked because this could not hap-
pen with consumers) is appropriate and 
reflects how consumers actually use glo.

We have noticed that people tend to puff 
more intensely they’re when in a research 
centre or if are nervous or bored. So, for 
even more realistic measurements, we 
are currently trying to develop a smaller, 
more portable analyser that consumers 
can take away to record puffing behav-
iour in their normal surroundings. 

DEVELOPING NEW RITUALS 
Our research on why and how consumers 
use our products has yielded some inter-
esting observations about what happens as 

The SA7 smoking analyser in 
use with our THP glo.
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defined ritual

restricted use

lighting and extinguishing

hand-to-mouth motion

puffing behaviour (smoking)

single-flavour preference

cigarette-like product

fluid ritual 

less restricted use

puffing behaviour (vaping)

multiple flavour preference

digital connectivity

multiple format preference

personalisation

Cigarette Cig-a-like Tank Box-mod

SMOKING 
BEHAVIOUR

VAPING
 BEHAVIOUR

FIXED RITUAL: a defined period of use: light-puff-extinguish; RESTRICTED USE: Public Place Smoking (PPS) Bans mean restrictions on use; LIGHTING AND 
EXTINGUISHING: light product to start, extinguish when finished; HAND TO MOUTH MOTION: held in the hand and  placed in the mouth; PUFFING 
BEHAVIOUR (VAPING): smoker traits differ from those vapers (see research box); SINGLE-FLAVOUR PREFERENCE: tendency to stick to one flavour; 
CIGARETTE-LIKE PRODUCT: use device with look and feel of a cigarette; 

FLUID RITUAL: no defined beginning, middle or end, defined period or way of using; LESS RESTRICTED USE: less PPS bans, less restrictions on use; PUFFING 
BEHAVIOUR (SMOKING): vaper traits differ from those of smokers (see research box); MULTIPLE FLAVOUR PREFERENCE: experimentation with multiple 
flavours; DIGITAL CONNECTIVITY: use communication enabled, programmable device; MULTIPLE FORMAT PREFERENCE: experimentation with different 
product types; PERSONALISATION: tendency to customise product

THE CONSUMER 
BEHAVIOUR JOURNEY

Cigarette behaviours change to 
vaping behaviours  

over time

a smoker switches to using an e-cigarette. 
Every smoker who successfully replaces 
smoking with vaping goes through their 
own behaviour journey. As consumers 
move from cigarettes to cig-a-like vapour 
products and possibly to other types, such 
as tank systems and so-called “box-mods”, 
smoking behaviours are gradually replaced 
by vaping behaviours (see infograph-
ic). The fixed rituals of lighting and then 
extinguishing when a cigarette has burned 
down, for example, are replaced by more 
fluid rituals, such as varying the nicotine 

levels, type and intensity of flavour and 
even the power input. These behaviours are 
very different to those of smokers, making 
it less likely that an established vaper will 
revert to smoking. “As we improve NGPs 
and offer better and better experiences, we 
anticipate that more smokers will feel these 
products meet their needs,” says Prasad.

AIMS FOR THE FUTURE
 » Publish further validation of using SA7 

with vapour products 
 » Develop a pocket-sized portable SA7

 » Collaborate with others to create stand-
ardised puffing regimes and protocols for 
vapour products and THPs.  ☐

1. Slayford S, Frost BE (2014). A device to measure a 
smoker’s puffing topography and real-time puff-by-
puff “tar” delivery. Beiträge Tabakforschung/Contrib 
Tob Res 26: 74–84.

2. Cunningham A, et al. (2016). Development, 
validation and application of a device to measure 
e-cigarette users’ puffing topography. Sci Rep 6: 
35071.

3. Gee J et al. (2018). Assessment of tobacco heating 
product THP1.0. Part 8: Study to determine puffing 
topography, mouth level exposure and consumption 
among Japanese users. Regul Toxicol Pharmacol 93: 
84–91.
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It is important to consider whether 
the introduction of a novel tobacco 
or nicotine product on to the market 
has an overall beneficial effect on 
public health. Since 2009, when the 

US Food and Drug Administration (FDA) 
was given authority to regulate tobac-
co products by the US Tobacco Control 
Act — a move described as a population 
approach to minimising the harm caused 
by tobacco use — the agency has expected 
companies to provide data on the likely 
impact a new product could have on the 
population as a whole, including former 
smokers and never smokers. It also wants 
to know what consumers understand 
about these products and how percep-
tion of any claims made about a product 
might affect a smoker’s intention to quit.

We recently outlined a framework 
for assessing next generation products 
(NGPs) as potential reduced risk prod-
ucts1. We’ve found that the levels of key 
toxic substances in the vapour from our 
electronic cigarette (e-cigarette), Vype 
ePen, for example, are around 95% lower 
than in cigarette smoke, and laboratory 
tests show it is not mutagenic, does not 
cause DNA damage or promote cancerous 
tumour growth. These results suggest that 
the inherent risk to an individual using 
Vype ePen is substantially lower than that 

to a person smoking cigarettes. However, 
the wider impact in the real world will 
depend on the product’s popularity with 
smokers and on who else uses it and how. 

RISK PERCEPTION AND 
INTENTION TO USE
Population research is question-
naire-based and assesses smokers and 
non-smokers. Ideally, in terms of pop-
ulation health benefits, the products 
should be attractive to adult smokers 
and not attractive to non-smokers. There 
should also be good evidence that con-
sumers fully understand the informa-
tion provided about the new product. 

Some of this information can be 
assessed in risk perception studies, where 
volunteers are given information about 
the new products and their comprehen-
sion of the information and intent to use 
the products are tested. In a pilot study 
in Japan, we tested information on our 
tobacco heating product (THP) glo.  

We assessed the likelihood, based on 
the information given, of glo appealing 
to non-smokers or former smokers and 
found that only a very low proportion 
(0–5%) were likely to try glo. Smokers 
showed more interest, with up to 40% 
saying they may try it or use it. “If we find 
that an NGP appeals to smokers but not to 

POPULATION STUDIES 

Products and the 
population

As well as examining the effects of our 
novel products on individual consumers, 

we also consider their broader impact at a 
population level, and on those who don’t 
use them—something we achieve through 

population studies. 

QUICK FACTS
Planned survey participants >24,000
Planned survey interviewers 1,100
Consumer behaviour profiles 189
Survey paperwork weight 20 sumo wrestlers
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non-smokers, then we know we are making 
progress in our ultimate aim of creating 
products that offer a potentially reduced 
risk alternative to cigarettes that smok-
ers actually want to use,” says consumer 
behaviour scientist Madeleine Ashley.

DYNAMIC POPULATION MODEL
Until an NGP has been available to con-
sumers for many years, how its use will 
affect patterns of disease over time — for 
instance, whether it would be associated 
with reduced prevalence of lung cancer or 
chronic obstructive pulmonary disease — is 
unknown. The gold standard for assessing 
the longer-term impact of a product on 
population health is epidemiology, but it 
can take 25 years or longer to gather the 
necessary data. So we are using analyti-
cal mathematical modelling to assess the 
potential impact of novel products on 
population health, and regulators such as 
the FDA are also encouraging manufac-
turers to investigate these approaches.

We have developed a mathematical 
modelling tool that can draw a range of 
potential scenarios based on our current 
knowledge of what is likely to happen in 
the long term if a given product becomes 
available to consumers2. This model 
includes different types of people, includ-
ing those who smoke, ex-smokers, never 
smokers, e-cigarette users, and people who 
use a combination of products (sometimes 
called dual users). Dynamic behaviours, 
such as starting, switching, becoming a dual 
user, and quitting, are represented through 
a feedback system, as is the potential 
effect of normalisation (that is, when the 
public gets used to seeing something, like 
people vaping) on starting and quitting 
rates. Factors, such as gender and aging, 
are factored in, and differences between 
groups with respect to quitting or relapsing 

are also considered. We use a status quo 
scenario as a baseline and then compare it 
to one in which the new product is available 
to consumers, and we update the model 
every year with birth, death, and migration 
rates. “The potential population impact of 
a product is complex, and we try to reflect 
patterns of product usage, using what’s 
happened in the past to predict what might 
happen in the future,” says Oscar Cama-
cho, Scientific Data & Statistics Manager.

RECENT PROGRESS
We have used the model to predict the 
impact of e-cigarettes being available in 
the UK over a 50-year period2, starting 
in 2000. We incorporated Public Health 
England’s estimate that e-cigarettes could 
be 95% safer than conventional cigarettes 
along with some very conservative assump-
tions, including that any potential health 
benefit from quitting cigarettes would be 
lost on relapsing, and treated dual users 
as smokers, even though they may smoke 
fewer cigarettes than they otherwise would. 
To a great extent, patterns of use to and 
from e-cigarette use are still unknown. 
However, models allow the introduction 
of assumptions to fill data gaps. “The 
model projections point to a public health 
benefit from launching e-cigarettes in the 
UK,” says Camacho. We are continuously 
updating our model as new data becomes 
available to provide more robust esti-
mates of population effect projections. 

Similar observations are also being 
made by academic researchers outside the 
industry. Professor David Abrams of New 
York University, for example, said “Studies 
show that if most current American smok-
ers switched to vaping e-cigarettes over 
the next 10 years, there could be as many 
as 6.6 million fewer premature deaths and 
86.7 million fewer life-years would be lost”3.

Moreover, we have validated our model 
by seeing how accurately it was able to pre-
dict what happened in Sweden with snus, 
a pouched tobacco product that is placed 
under the lip. Snus is widely available in the 
USA and Nordic countries and has been 
part of Swedish culture for 200 years. Its 
long history yields substantial epidemiolog-
ical data for comparison. Snus use is con-
siderably less toxic than smoking cigarettes 
and, thanks to resurgence in its use that 
began around 1970, Sweden currently has 
the lowest prevalence of cigarette smoking 
in Europe, and the lowest incidence of lung 
cancer and other smoking-related diseases 
(see page 22). Our model used existing data 
for Sweden to generate the baseline sce-
nario, and we ran the simulation through 
to 2016 to see how the model projections 
compared to real world data. “The pre-
dictions closely correspond with what 
has actually happened in Sweden,” says 
Camacho. “This should give us — and reg-
ulators — great confidence in our model.”

We were the first company to run 
this kind of simulation on e-cigarettes in 
the UK and are now using the model to 
conduct a similar assessment for the US 
population. This will become the foun-
dation to study other products such as 
our THP glo. “With significant consum-
er interest in glo in Japan, this nation is 
becoming a wealth of information about 
THP consumption patterns, which will be 
extremely useful for further model devel-
opments,” says Camacho. Our first model 
predictions on glo are expected in 2018.

Going forward, we are further refining 
the model, characterising populations by 
ethnicity, social economic status, and edu-
cation level, and factoring in affordability, 
smoking bans, health campaigns, and pack-
aging regulations. We are also investigating 
ways of representing product variants, 
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Post-m
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potentially allowing us to examine the effect 
of a specific brand of e-cigarette or THP as 
opposed to e-cigarettes or THPs in general. 

POST-MARKET SURVEILLANCE
Another part of population research is 
post-market surveillance. Before a product 
is launched, a variety of assumptions based 
on small consumer-use studies are made 
about who is likely to use the product and 
how. Once a product is on the market, we 
can collect data with questionnaires and 
in cross-sectional studies of the wider 
population about how consumers are 
actually using it. We can also gather data 
reported spontaneously by consumers and 
health care professionals about unintend-
ed consequences of using the product. 
Through post-market surveillance, we 
can assess broad patterns of use, enabling 
us to monitor rates of stopping, starting 
and switching products. These surveys 
can help us see how use of all tobacco 
and nicotine products changes over time 
and the effect on morbidity and mortal-
ity compared to using other products or 
quitting tobacco. We may also pick up 
unexpected adverse events or even health 
changes associated with using the prod-
uct. These findings can be fed into our 
population model to make projections 
even more accurate as time goes on, and 

can also support applications to regulators. 
What is lacking in this emerging field, 

however, is consensus between regu-
lators and different companies about 
what forms a post-market surveillance 
framework and mechanism for mon-
itoring new products and reporting 
unintended consequences should take. 
“In the pharmaceutical industry, there is 
a well-understood and straightforward 
process involving GPs and other health 
professionals for reporting and compiling 
adverse effects of drugs” says Camacho. 
“We have already set up company phone 
lines in all the markets where we sell 
NGPs to record adverse events—essen-
tially a pharmacovigilance-type surveil-
lance—but with a wide range of product 
choices it may be necessary to introduce 
an industry-wide infrastructure”. 

In the meantime, we are about to begin 
a post-market surveillance study on glo in 
Japan to track the prevalence of tobacco 
and nicotine product use across the country 
with a focus on the reasons behind the 
uptake and quitting of glo, for example 
whether people use glo and then quit smok-
ing or whether some try glo and continue 
to smoke or use other products. We plan to 
randomly recruit 10,000 people to represent 
the wider population. Each participant will 
be given a questionnaire about their glo use, 

and the answers will be analysed as a group. 

AIMS FOR THE FUTURE 
 » Complete intention to use and risk per-

ception study in Italy
 » Complete post-market surveillance study 

in Japan
 » Publish population model predictions 

for use of e-cigarettes in the USA, snus in 
Sweden and glo in Japan

 » Further refine our predictive model to 
enable investigation of product variants 
or markets where different novel prod-
ucts exist

CHALLENGES REQUIRING 
COLLABORATION
 » Creation of an industry-wide forum to 

model singular datasets from each compa-
ny’s models to assess predicted population 
outcomes ☐

1. Murphy J, et al. (2017). Assessing modified tobacco 
and nicotine products: Description of the scientific 
framework and assessment of a closed modular 
electronic cigarette. Regul Toxicol Pharmacol 90: 
342–357. 

2. Hill A, Camacho OM (2017). A system dynamics 
modelling approach to assess the impact of launching 
a new nicotine product on population health 
outcomes. Regul Toxicol Pharmacol 86: 265–278.

3. Abrams DB et al. (2018). Harm minimization 
and tobacco control: Reframing societal views 
of nicotine use to rapidly save lives. Ann Rev 
Public Health 39: 1 doi.org/10.1146/annurev-
publhealth-040617-013849. 

Figure 1. Once a product is on the market, 
we can collect data from questionnaires and 
cross-sectional studies of the wider population 
about how consumers are actually using it. 
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Cigarette smoke contains 
thousands of constituents, 
150 of which are known to 
be toxicants, which can be 
introduced into the surround-

ing environment through two processes: 
smokers exhaling smoke after a puff and, 
more importantly, by the smouldering 
of the cigarette between puffs (which we 
call sidestream smoke). Exposure to the 
resulting environmental tobacco smoke 
can leave a lingering smell on skin, hair 
and fabric after smoking has stopped. 

In contrast, owing to its lower operating 
temperature and enclosed design, our to-
bacco heating product, glo, does not smoul-
der, so does not emit anything between 
puffs. Consequently, the aerosol that is pro-
duced during use is compositionally much 
simpler than cigarette smoke, comprising 
primarily water, glycerol, nicotine and 
flavours and containing substantially fewer 
toxic substances when tested in laboratory 
studies (see page 19). Studies show levels of 
toxic substances are reduced by 90–95% in 
glo aerosol compared to those in cigarette 
smoke and, therefore, glo users are consid-
erably less likely than smokers to subse-
quently exhale toxicants. The impact on the 
quality of air with glo when used indoors is 
substantially less and its emissions are con-
siderably less odorous than cigarette smoke.

“With glo there are far fewer concerns 
about environmental emissions—good 
news for consumers and bystanders alike,” 
says John McAughey, Principal Scien-
tist for aerosol science. “These benefits 
around social consideration and personal 
hygiene are really resonating with users.” 
The same is true of our vaping products.

INDOOR AIR QUALITY
To assess whether glo users exhale measur-
able levels of toxicants into the surrounding 

environment, we analysed the indoor air 
before and after glo use and before and after 
smoking cigarettes1. The study took place 
in an environmentally controlled room 
with ventilation levels that correspond to 
recognised standards for office, hospitality 
and home settings. Cigarettes were smoked 
or glo was puffed at fixed times over 4 h and 
the air was sampled and analysed for par-
ticles, known tobacco smoke constituents 
and key toxic compounds (including CO2, 
NO, NO2, nicotine, glycerol, 3-ethenyl pyri-
dine, 16 polycyclic aromatic hydrocarbons, 
eight volatile organic compounds, four car-
bonyls, four tobacco-specific nitrosamines 
and particulate matter). It is difficult to 
measure low levels of mass in real time, 
but we achieved this by using an electrical 
mobility spectrometer to monitor parti-
cles as they were generated; this method is 
recognised as an appropriate and sensitive 
method for assessing indoor air quality. 

We found that more than 95% fewer 
particles were left in the air after using glo 
than after smoking cigarettes, and most 
chemicals we screened for were either 
absent or, in the case of nicotine, acetalde-
hyde and formaldehyde, at levels more than 
90% lower (Figure 1). Results were very 
similar or better for vaping products. “The 
amount of particles and toxic substances 
left in the air when using glo or vapour 
products is typically less than local outdoor 
levels,” says McAughey. “These findings 
suggest that, even with significant use, glo 
has negligible impact on the surrounding 
air and other people in the vicinity”. 

ODOUR
The odour from smoking cigarettes can 
persist indoors (on furniture, drapes, etc.) 
and on the skin, clothes and hair of users 
or those nearby after smoking has stopped. 
To assess the extent to which residual 

SOCIAL CONSIDERATION

Impact on others
Consensus is emerging in the UK public 
health community that next generation 

products such as e-cigarettes and tobacco 
heating products are likely to be significantly 
less risky than smoking cigarettes. There are 
other benefits too, from the point of view of 
social and hygiene considerations, such as 

a significantly lower impact on indoor air 
quality, the amount of residue and smell that 

is left on hands and fabric as well as teeth 
staining. 

QUICK FACTS
Odour panellists 50
Teeth samples analysed 36
Environmental toxicants measured 40
Particle samples taken 72000
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odour may exist for glo, we exposed fabric, 
hair and skin to cigarette smoke from a 
reference cigarette or aerosol from glo 
and then a trained sensory panel assessed 
the items for tobacco smoke smell1.

For fabric and hair samples, a cigarette 
or glo was puffed on a smoking machine 
and the resulting mainstream and any 
sidestream emissions for glo were cap-
tured and fed into an exposure chamber 
containing the samples. For cigarettes, 
only the sidestream smoke was used. This 
approach represents an extreme situation, 
since in real-life not all the smoke inhaled 
by a smoker is subsequently exhaled. Once 
the cigarette smoke or aerosol had settled, 
trained sensory panellists assessed the in-
tensity of smoke odour on the samples. To 
evaluate odour on skin, volunteers smoked 
a cigarette or puffed on glo using one hand 
only, which was exposed to emissions from 
smouldering and to anything that was 
exhaled. The other hand was kept clean to 
act as a reference. Panellists then compared 
smoke odour on the different hands. 

The results show that residual tobacco 
smoke odour on hands, hair and fabric is 
significantly lower when using glo than 
when smoking cigarettes. “These meas-
urements reinforce our findings from the 
indoor air quality work”, says McAughey. 
“A lack of combustion and significantly 
reduced emissions from glo mean there is 
less material to deposit and for odour to 
linger. Again this reflects consideration of 

others from those using the glo product.” 
Studies to assess the effect of glo relative to 
cigarette smoke on staining, including wall-
paper, walls and skin, are underway, and 
results are expected over the coming year. 

TEETH STAINING
Cigarette smoking is associated with 
changes in the oral cavity, including tooth 
discolouration, so we conducted teeth 
staining studies to compare the effect of glo, 
an e-cigarette and conventional cigarettes. 
Cigarette smoke, e-cigarette vapour or aer-
osol from glo was captured on Cambridge 
filter pads and then removed with solvent. 
Ten bovine teeth were first incubated with 
human saliva and then with the smoke or 
vapour extract for 14 days. Colorimetric 
analysis showed that cigarette smoke ex-
tract caused significant discolouration, but 
e-cigarette vapour and glo aerosol extracts 
resulted in little or no colour changes, with 
results being similar to those for the un-
treated solvent control2. Further studies are 
required to assess the longer-term impact 
of aerosols from next generation products 
on tooth discolouration and changes in the 
oral cavity.  ☐

1. Forster M et al. (2018). Assessment of tobacco 
heating product THP1.0. Part 4: Characterisation of 
indoor air quality and odour analysis. Regul Toxicol 
Pharmacol 93: 34–51.

2.  Dalrymple A et al. (2018). Effect of next generation 
tobacco products on teeth colouration. Poster no. 
1568, American Association of Dental Research, 
Fort Lauderdale, Florida, USA, 21-24 March, 2018.

The results show that residual tobacco 

smoke odour on hands, hair and 

fabric is significantly lower when using 

glo than when smoking cigarettes.
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Fig 1. Indoor air quality after use of the glo tobacco heating product or cigarettes. A 
saw-toothed pattern is seen for cigarettes, indicative of the product use schedule laid out 
in the study.
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BRIDGING

Enabling science to 
keep pace with product 
innovation 

In this fast-moving industry we need a 
strategy that will enable speedy consumer 

access to better products while also ensuring 
those products are regulatory compliant and 
their claims are supported by robust scientific 

evidence. Bridging is the answer.
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Public health scientists in the UK 
believe, based on the available 
evidence, that vapour products 
(e-cigarettes) are likely to be at 
least 95% safer than conven-

tional cigarettes1,2, and the evidence we 
have collected to date is consistent with 
this view. Despite this, the numbers of 
people in the UK who believe that vapour 
products are as risky as or more danger-
ous than cigarettes is increasing year on 
year3. To encourage more smokers to see 
next generation tobacco and nicotine 
products (NGPs) as viable alternatives to 
smoking, and to give regulators greater 
certainty that they can encourage con-
sumers to consider these products, it is 
important to determine those that fit 
with the harm reduction ambition and 
how this should be communicated.

For consumers to make informed 
choices, it is imperative that they are given 
accurate information about products. Ideal-
ly, this would take the form of substantiated 
claims about emissions, exposure and risk 
that vapour products could emit consider-
ably fewer toxic substances than cigarettes; 
that by using vapour products consumers 
are exposed to substantially lower levels of 
toxic substances than with smoking; and 
that the health risks associated with using 
vapour products are potentially reduced as a 
result. We have already developed a compre-
hensive assessment framework enabling us 
to build dossiers of data substantiating these 
three claims (see page 14). “The challenge is 
that this series of studies can take up to five 
years to complete — much longer than the 
typical 3 – 6 month innovation cycle of an 
e-cigarette,” explains James Murphy, Head 
of Reduced Risk Substantiation. “While 
still compiling this data dossier for our first 
Vype ePen, for example, we launched a new, 
improved version of the product and had 
also begun work on revamping that one!”

With NGP innovation occurring at a rap-
id pace, and each comprehensive scientific 
assessment taking years, there is an impor-
tant issue for regulators to consider: can we 
avoid unnecessary duplication of tests and 
instead bridge data between product vari-
ants? Although it is crucial to fully assess the 
reduced-risk potential of a new-to-world 
device, such as our tobacco heating product, 
glo, an abbreviated suite of scientific tests 
based on an original ‘reference’ product 
and updated as new technologies, mate-
rials, flavours and so on become available 
might be sufficient for newer versions. “This 
concept is not new in other industries. In 

fact, it is in widespread use in the phar-
maceutical industry,” points out Murphy.

In the same way that an abridged 
regulatory pathway exists for generic and 
biosimilar pharmaceutical drugs, we need 
a process that will assess alterations to an 
original NGP and allow some test results 
or data to be transferred as appropriate 
for a product that is essentially the same 
but with some minor tweaks. There are 
numerous scenarios where bridging may 
be applicable, for instance across a range of 
differently flavoured e-liquids or different 
devices with similar vaporisation chassis. 

So, we’ve developed a bridging guide for 
NGPs that could meet the requirements 
of regulators, public health bodies and 
manufacturers (see box). “Allowing data 
from an original product to be used in 
assessing a new version of that product will 
ensure improved potentially reduced-risk 
devices can be brought to market quickly 
to benefit consumers while also provid-
ing assurance about the likely relative 
risks,” says Murphy. Consensus for this 
type of approach is also growing, with 
the US Food and Drug Administration 

stating that it will accept bridging data 
in Premarket Tobacco Product Appli-
cations for vapour product e-liquids. 

AIMS FOR THE FUTURE
 » Continue to publish all our science 

supporting the assessment of emission, 
exposure and risk from our NGPs

 » Submit regulatory packages on products 
across the risk spectrum to regulators

 » Submit bridging dossiers to support new 
and improved products

CHALLENGES REQUIRING 
COLLABORATION
 » Promote bridging through all the usual 

channels, such as regulatory debates, and 
publications, until agreement is reached 
among regulatory agencies, public health 
authorities and industry ☐

1. McNeill A. et al. (2015). E-cigarettes: an evidence 
update. London: Public Health England.

2. Royal College of Physicians (2017). Nicotine 
Without Smoke: Tobacco Harm Reduction. A report 
of the Tobacco Advisory Group of the Royal College 
of Physicians. London: Royal College of Physicians. 

3. Action on Smoking on Health (2016). Use of 
e-cigarettes (vapourisers) among adults in Great 
Britain [ASH Fact Sheet].

BRIDGING DATASETS
To decide whether bridging is appropriate
• Conduct product and engineering review to determine and understand the differences 

between the original and improved products

For a reduced emissions claim
• Measure a range of regulator watch-list constituents in the vapour of the new or 

improved products to check they’re at the same levels or lower than those in the 
original NGP. (A reduced emissions claim on an original NGP is based on data 
showing that the levels of emissions generated are lower than those from a cigarette.)

• For flavour change in e-liquid, conduct cytotoxicity tests to characterise any potential 
toxic impact of that flavour change

For a reduced exposure claim
• Conduct a mouth level exposure and puffing behaviour study to determine whether 

the toxicant profile of the two products is comparable and bridgeable, and whether 
consumption of the newer product differs. If the findings don’t differ significantly, 
bridge biomarker of exposure (BoE) data from the original. (A reduced exposure 
claim for the original product requires clinical BoE data showing that by using it 
consumers are exposed to lower levels of toxicants than if they smoked a cigarette.)

• For a change in e-liquid nicotine concentration, assess pharmacokinetics of product 
compared to original. If it doesn’t differ significantly, bridging is appropriate

For a reduced risk claim 
• Measure BoE levels from the newer product. If in line with those of the reference 

product, then appropriate to bridge the reduced risk claim of the original. (This claim is 
based on biomarker of biological effect data showing that using the original product 
has a beneficial impact on the consumer’s levels of biological risk indicators relative to 
smoking.)

• Assess consumers’ perceptions of risk, understanding of claims and intentions to use 
the new product to see whether health-related claims could encourage non-smokers 
or former smokers to use it. Bridging is appropriate if this has not changed from the 
reference product
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Next generation products 
(NGPs) such as electronic 
cigarettes have reinvigorated 
the debate around tobacco 
harm reduction, and sup-

port for these products as a pragmatic public 
health policy is building1,2. Developing the 
underpinning science for this field is too 
urgent and too important to be left to any 
one part of the scientific community, and it 
is increasingly clear that regulators, academ-
ia, industry and even consumers all have a 
role to play. That’s why we have tried to be 
open and transparent about the science that 
we do, and have sought to develop scientific 
collaborations with a wide range of groups. 

A relatively new part of our approach 
in the last few years has been to actively 
encourage visitors to R&D. We were the 
first tobacco company to allow external 
visitors to tour our R&D facilities in South-
ampton, UK. Since 2011, when we first 
developed our science exhibition centre, 
we have welcomed over 3500 visitors, all 
of whom wanted to learn more about the 
science behind our next generation prod-
ucts (NGPs). The groups have been diverse, 
ranging from science writers, mainstream 
media, academics, scientific collaborators, 
as well as consumer advocates. In 2017, 
many visitors were journalists from the 
countries in which our NGPs are sold, as 
well as public health representatives. 

Science is critical to our NGP pro-
gramme, and sharing our research is key to 
our credibility. During 2017 we presented 
the science behind our NGPs at 30 interna-
tional conferences, ranging from large gener-
al conferences on chemistry and toxicology, 
to more niche events on nicotine and tobac-
co science, aerosol science and everything 
in between. All of the material we present 
externally is made available through the 
library of bat-science.com. “Connecting with 

other sectors of the scientific community, in-
cluding regulators, by attending conferences 
is a key part of our commitment to openness 
and transparency,” says Sarah Cooney, Head 
of Scientific Collaboration & Communica-
tion. “And the more we engage, the better 
our science becomes — it’s a virtuous circle.”

Our dedicated science website, bat-sci-
ence.com, was another industry first 
when it was launched in 2008. We use 
this, along with our @BAT_Sci twitter 
handle, to share as much as possible 
about the non-competitive aspects of 
our NGP research programme, and 
encourage debate and discussion. 

In terms of publications in peer-reviewed 
journal articles, we are now strongly focused 
on the science to substantiate NGPs as 
potentially reduced risk products, and we 
have published a great deal of our research 
on Vype ePen, iFuse and glo in the past 
couple of years. We always choose an open 
access option, so there are no restrictions 
on who can read our research, and links 
to all of these articles can be found in the 
library of bat-science. “We publish as much 
of our research as we can, irrespective of 
the results, in international, peer-reviewed 
journals,” says Cooney. It is heartening that 
the vast majority of journal editors and 
editorial boards continue to believe that 
good science speaks for itself and should 
be judged objectively by the peer-review 
process. Most journals today have straight-
forward processes that ensure that potential 
conflicts of interest are clearly disclosed.  

To ensure our science reaches a wide au-
dience, we also issue scientific press releases 
on selected scientific manuscripts. There is 
great appetite for information about NGPs, 
and in 2017 our press releases on NGP sci-
ence were picked up by multiple mainstream 
media outlets, who included it in their news 
feeds, whether online, TV, radio or print. 

SCIENCE ENGAGEMENT 

Our open approach
OPEN

Science engagement is a key driver of the 
external debate on tobacco harm reduction. 

We take an open and transparent approach; 
by sharing information about next generation 

products through external peer review, 
scientific collaboration and discussion, and 
we are building a reputation as a credible 

source of science in this emerging area

QUICK FACTS
Twitter followers >1,600
Peer-reviewed articles total >240
Visitors >3500
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Recognising that achieving our aims 
in tobacco harm reduction can be accel-
erated through a united approach, we 
are also collaborating with other tobacco 
companies on areas of non-competitive 
science. A key example of this is our work 
on adverse outcome pathways (AOPs), 
mapping biological events that could lead 
to adverse effects (see page 46). In collabo-
ration with Philip Morris International, we 
have developed two AOPs demonstrating 
how oxidative stress, a toxic effect caused by 
cigarette smoke, can impact the respiratory 
and circulatory systems, resulting in disease. 
“We were delighted to receive an award 
from PETA International Science Consor-
tium in recognition for our work on AOPs 
for smoking-related disease,” says Marianna 
Gaça, Pre-Clinical Assessment Manager.

To further the field of in vitro toxicolo-
gy and promote the non-animal testing in 
this emerging area, we have also formed 
partnerships to help us more fully assess 
the impact the aerosols from our NGPs 
could have on lungs. Among these are a 
collaboration with the Institute for In Vitro 
Sciences (IIVS.org), and the use of 3D 
models of the human airway developed by 
biotech firm Epithelix. “Working with these 
partners allows us to be at the forefront 
of new methods and assays as they are 
introduced and also to assist with develop-
ing these methodologies,” explains Gaça. 

RECENT PROGRESS
We spent several years supporting the 
American Chemical Society (ACS), and 
participating in ACS Corporation As-
sociates. So we were thrilled when ACS 
agreed to publish excerpts of BAT’s 2015 
Science & Technology Report in Chemical 
& Engineering News3, their weekly member 
magazine that reaches 160,000 readers. We 
were told that the high editorial quality of 
our science reports was key to this decision, 
as well as both parties expecting this might 
generate robust debate. “It was the first time 
a commercial publisher published a scien-
tific supplement from a tobacco company; 
and we hope this is a sign that the external 
environment is beginning to recognize 
that the tobacco  industry is producing 
high-quality research in this emerging 
field,” says Cooney. “Our aim is to stimulate 
and participate in the debate, which we feel 
is critical for this emerging field to develop. 
We want to be part of the discussions.”  

Recently, Gaça was invited to guest 
edit a Special Issue of Applied In Vitro 
Toxicology focusing on in vitro testing 

approaches for NGPs. The issue attracted 
10 original research articles and a round-
table discussion, in which Chris Proctor, 
our Chief Scientific Officer, debated the 
issues with leading figures from academ-
ia, public health, and in vitro advocates.

Gradually building BAT R&D as 
the source of credible scientific stories 
through our media relations work has led 
to BAT’s science being featured in four 
well-balanced, high-profile TV docu-
mentaries: BBC Horizon, which brought 
celebrity presenter Michael Mosley to 
R&D; CBC Fifth Estate; ABC 60 Min-
utes; and BBC The One Show. We have 
also been invited to contribute regular 
science columns to consumer magazines, 
including Vapor Voice and Vapouround. 

Some of our scientists have also been 
invited to present to regulatory adviso-
ry groups for governments around the 
world. James Murphy (Head of Reduced 
Risk Substantiation) and Marianna Gaça 
presented in February 2017 to the National 
Academies of Science in the US, and in 
February 2018, Chris Proctor was invited, 
along with other industry representa-
tives, to appear before the UK House of 
Commons Science & Technology Select 
Committee, as part of their inquiry into 
e-cigarettes [https://goo.gl/HE11nh]. 

“Scientific engagement is vital now 
more than ever. The science behind this 
next generation of tobacco and nicotine 
products is what will guide regulation 
and opinion; communication is key to 
dispelling false assumptions and miscon-
ceptions,” says Cooney. “It is our mission 
to ensure that people are as well informed 
as possible about BAT’s research.”

AIMS FOR THE FUTURE
 » Continue to publish our research in 

peer-reviewed journals and present at 
mainstream and niche scientific  
conferences

 » Continue to host visitors and appropriate 
scientific conferences at our R&D site, and 
engage with journalists and broadcasters

 » Refresh the bat-science.com website, and 
further develop our digital communica-
tions approaches ☐

1. McNeill A, et al (2015). E-cigarettes: an evidence 
update. London: Public Health England.

2. McNeill A, et al (2018). E-cigarettes and heated 
tobacco products: evidence review. London: Public 
Health England.

3.  American Chemical Society (2016). Chemical & 
Engineering News. March 14 Issue

4. Special Issue: Assessing next generation nicotine and 
tobacco products with modern toxicology. Applied In 
Vitro Toxicology, March 2017.

Scientific engagement is vital now 

more than ever. The science behind 

this next generation of tobacco 

and nicotine products is what will 

guide regulation and opinion; 

communication is key to dispelling 

false assumptions and misconceptions



This current report looks primarily at our 
technology development and science through 
2017 and has not included the contributions made 
by Reynolds American Inc (RAI).  British American 
Tobacco acquired RAI in July 2017.  This brought 
two very strong R&D organisations together, both 
with a strategic goal of transforming tobacco.  
RAI have a rich heritage of technological 
innovation.  They were the first company to invent 
and launch a tobacco heating product called 
Premier in 1988, which later evolved to Eclipse, 
a product on the US market, and to undertake 
a large programme of scientific testing on these 
products.  Through their operating company RJ 
Reynolds Vapour Company they were the first US 
tobacco company to launch e-cigarettes in what 
is the world’s largest vapour market, and have 
had substantial success with a portfolio of vapour 
products under the brand Vuse.  They are very 
strong in smokeless tobacco and last year applied 

to the US Food and Drug Administration (FDA) 
for a Modified Risk Tobacco Product designation 
for several variants of Camel snus.  And through 
another operating company Niconovum they 
have developed a range on nicotine gums and 
lozenges under the brand Zonnic, which have 
been approved by the US FDA as a stop smoking 
aid.  Through RAI’s operating company, Kentucky 
BioProcessing, the Transforming Tobacco 
agenda pushes the boundaries of innovation by 
looking at different uses for the tobacco plant, 
such as isolating useful compounds like flavours 
or proteins or manufacturing cutting edge 
biopharmaceuticals from the plant, like ZMapp, 
the effective experimental treatment successfully 
used during the 2014–15 Ebola outbreak. RAI 
have an around 400 strong team in R&D, and our 
next Science and Technology report will describe 
the innovation happening in our significantly 
expanded R&D.
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