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14% May, 2018
Prof Hon. Joseph Lee, SBS, JP
Chairman, Panel on Health Services, Legislative Council
Legislative Council Complex
1 Legislative Council Road
Central, Hong Kong

Dear Chairman Lee,

Submission of Information regarding Agenda ltem il of the Health Services Panel Meeting on 21°' May, 2018

| am writing with reference to agenda item 1l of the Health Services Panel meeting on 21° May, 2018:
“proposed study on issues relating to electronic cigarettes and heated tobacco products”.

As the manufacturer of the tobacco heating system /QOS and tobacco consumable Heatstick (also
known as “heat-not-burn (HnB) tobacco product), we believe we are in a position to aid the discussion on HnB-
related topics by providing relevant information. We would therefore like to respectfully submit, and ask you to
permit the Secretariat to circulate the following materials regarding HnB for the panel members’ perusal and
reference when discussing this agenda item during the meeting:

ltem Content/Explanatory Notes

Definition of Tobacco Products
under the Dutiable
Commodities Ordinance {DCO)
in Hong Kong versus
Classification in International
Jurisdictions

Information showing the relevant parts of the DCO on the definitions
of various tobacco products and some examples how Heatsticks are
classified for excise in international jurisdictions.

“Statement on the toxicological
evaluation of novel heat-not-
burn tobacco products” by the
Committees on Toxicity (COT)

COT is an independent scientific advice to the UK government. In the
statement, COT concluded that people using HnB products were
exposed to around 50% to 90% fewer harmful and potentially
harmful chemicals compared with conventional cigarettes.

“Levels of selected analytes
in the emissions of ‘heat
not burn’  tobacco products
that are relevant  to assess

human health risks” by Mallock
et al.

A study conducted by a team of researchers of the Federal Institute
for Risk Assessment (BfR). The study found no combustion takes
place when using /QOS, and reductions in nine harmful and
potentially harmful substances in the /QOS aerosol of 80% to more
than 99% relative to cigarette smoke; and that “an increased
consumption [of /QOS] aimed at compensating deficient nicotine
delivery” that could overwhelm the reduction in harmful and
potentially harmful substances is “unlikely”.

We would also like to provide a summary of the following papers that we regret not being able to

share with the honourable Members in full due to copyright requirements:

1 BfR is a public body under the German Federal Ministry for Food and Agriculture responsible for providing scientific advice to the German
government.
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Item

summary

“Comparison of Chemicals in
Mainstream Smoke in Heat-not-
burn Tobacco and Combustion
Cigarettes” by Bekki et al.

A study conducted by a team of researchers of the National Institute
of Public Health of Japan?. The study found that while the
concentrations of nicotine in both cigarettes and /QOS were almost
the same, the levels of other harmful substances generated when
using /QOS are significantly lower than those when burning
cigarettes: TSNAs® was one-fifth of that of cigarettes, while carbon
monoxide was a hundredth of that of cigarettes.

Members may wish to read the full paper at
https://www.]stage.ist.go.ip/article/iuoeh/39/3/39 201/ pdf/-
char/en

“Chemical Analysis and
Simulated Pyrolysis of Tobacco
Heating System 2.2 Compared
to Conventional Cigarettes” by
Lietal

A study conducted by a team of researchers of the China National
Tobacco Quality Supervision and Test Centre (CNTQSTC)®. The study
found that compared to the 3R4F reference cigarette, /QOS produced
90% lower levels of many of the harmful and potentially harmful
substances found in cigarette smokes; and 50% to 80% lower levels
of carbonyls, ammonia and NAB®.

Members may wish to subscribe and read the full paper at
https://academic.oup.com/ntr/advance-article-
abstract/doi/10.1093/ntr/nty005/4793230743directedFrom=Ffulltext

We hope the above would be of use to the honourable Members in reviewing and discussing HnB-

related matters. Thank you.

Yours sincerely,

Kittipong Jangkamolkulchai (Dr)
Head of Corporate Affairs (Hong Kong & Macau)
Philip Morris Asia Limited

? Japan’s governmental research and training organization charged with improving public health in Japan.

? Tobacco-specific nitrosamines.

4 CNTQSTC is a regulatory authority in China, as well as a member of the WHO Tobacco Laboratory Network.,
5 N'nitrosoanabasine.
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Definition of Tobacco Products under the Dutiable Commodities Ordinance {DCO) in Hong Kong versus
Classification in International Jurisdictions

A. Definitions of Various Tobacco Products under DCO?

According to the DCO, tobacco products are categorized, defined and taxed in Hong Kong as follows:

Category Definition
Cigarette Any roll of tobacco capable of being smoked by itself not being a cigar
Cigar Any roll of tobacco capable of being smoked by itself and which has an outer wrapper

of natural tobacco, or predominately contains broken or threshed leaf and has a
binder of reconstituted tobacco and an outer wrapper of reconstituted tobacco fitted

spirally
Chinese Prepared Tobacco prepared in the traditional Chinese manner from tobacco leaf grown in China
Tobacco
All other Tobacco product that does not fall within the above definition

manufactured tobacco

Heatstick (the tobacco consumable to be used with our tobacco heating system /QOS)? does not fit into the
definition of “cigarette” because that it is not “capable of being smoked by itself not being a cigar”, and thus does
not fall within the definition of cigarettes. It would seem most appropriate to classify Heatstick as “other
manufactured tobacco (OMT)”, which is defined as a tobacco product that does not fall within the definitions of
cigarettes, cigars and Chinese prepared tobacco.

B. Classification of Heatstick in International Jurisdictions

In a number of OECD? countries where Heatstick is legally available, it is taxed as “other manufactured
tobacco” (or some other similar variants).

For example, in Canada, it is classified as “Manufactured tobacco other than cigarettes and tobacco sticks”;
in France and the Netherlands, Heatstick is put into the “Other smoking tobacco / pipe tobacco” category; in
Germany and Japan, Heatstick is classified as “pipe tobacco”; the United Kingdom classifies Heatstick as “Other
smoking tobacco and chewing tobacco”; Spain classify Heatstick as “Other smoking tobacco” and “other tobacco”
respectively; and Switzerland classifies Heatstick as “Other manufactured tobacco”.

-End-

! https://www.elegislation.gov.hk/hk/capl092xpid=1D_1438402562062_001
2 https://www.pmi.com/glossary-section/glossary/heets-and-heatsticks
3 The Organisation for Economic Co-operation and Development (OECD) is an intergovernmental economic organization with 35 member

countries aimed at stimulating economic progress and world trade.




COMMITTEES ON TOXICITY, CARCINOGENICITY AND MUTAGENICITY OF
CHEMICALS IN FOOD, CONSUMER PRODUCTS AND THE ENVIRONMENT
(COT, COC and COM)

Statement on the toxicological evaluation of novel heat-
not-burn tobacco products

Introduction

1. The COT, with support from the COC and the COM, was requested to assess
the toxicological risks from novel heat-not-burn tobacco products, and compare
these risks to those from conventional cigarettes. This assessment will provide the
Department of Health (DH) and Public Health England (PHE) with a general opinion
on the toxicological risks of such products. It will not fulfil any regulatory function of
PHE.

2. To date, two novel heat-not-burn tobacco products have been notified to PHE
in accordance with the Tobacco and Related Products Regulations 2016.

What are novel heat-not-burn tobacco products?

3. Novel tobacco products are defined in The Tobacco and Related Products
Regulations 2016 as a tobacco product which —

a. Is not a cigarette, hand rolling tobacco, pipe tobacco, waterpipe
tobacco, a cigar, a cigarillo, chewing tobacco, nasal tobacco or tobacco
for oral use; and

b. Is first supplied by the producer after 19" May 2014.

4. In heat-not-burn tobacco products, processed tobacco is heated instead of
being burnt as is the case for conventional tobacco products. Under the definition in
the Tobacco and Related Products Regulations 2016, these are therefore novel
tobacco products, and hence are required to be notified to PHE. In this evaluation,
the Committees have considered the two heat-not-burn tobacco products which had
been notified to PHE by November 2016, and which are available on the UK market.




5. A recent consultation by HM Treasury', noted there is a range of heat-not-
burn tobacco products, where:

a. processed tobacco is heated directly to produce vapour

b. processed tobacco is designed to be heated in a vaporiser

c. devices produce vapour from non-tobacco sources, where the vapour
is then passed over processed tobacco in order to flavour the vapour

6. The two products assessed by the Committees fall into the first and last of
these groups, and as a result the temperature to which the tobacco is heated varies
considerably between them. This may result in differences in the potential health
outcomes. For one product, where the tobacco is heated directly, a maximum
heating temperature of up to 350 °C was reported, while for the other product, in
which the tobacco is heated by a vapour, the maximum temperature of the tobacco
was reported to be less than 50 °C. For comparison, when tobacco in cigarettes is
burnt it reaches temperatures of at least 800 °C.

Information obtained

7. The Committees reviewed data submitted to the EU Common Entry Gateway,
the EU portal through which manufacturers submit information to the competent
authorities of each Member State as per the requirements of the Tobacco & Related
Products Regulations 2016, which transposes the EU Tobacco Products Directive
(2014/40/EU).

8. To facilitate the discussion, a consolidated list of the types of information
needed by the Committees to undertake their assessment was produced. The two
manufacturers of products notified in the UK before November 2016 were asked to
present the data they hold addressing these information needs to a joint discussion
session of the COT, COC and COM held on 16" May 2017. The list of Committees’
information needs is appended to this statement at Appendix 1.

9. In addition to the manufacturers’ data, a literature search was undertaken to
identify any available independent data on these products.

Available data

10. Of the two products considered, there was a marked difference in the amount
of data available from the manufacturers on which the Committees could base their
assessment. Only limited information on these products is available from
independent sources.

! Tax treatment of heated tobacco products, published 20 March 2017:
https://www.gov.uk/government/consultations/tax-treatment-of-heated-tobacco-products/tax-
treatment-of-heated-tobacco-products (accessed 19/06/2017)




Exposure

11.  Investigations on both products showed a decrease in the harmful and
potentially harmful compounds (HPHCs) in the aerosol generated by the device to
which the user would be exposed, compared to the HPHCs in the mainstream

smoke from a conventional cigarette?. For both products, there were some HPHCs
where the reduction was approximately 50%, but the reduction in a number of other
HPHCs was greater than 90%, with many of the compounds being below the limits of
detection or quantification for the assays used.

12. The Committees also requested data on additional contaminants from the
devices themselves, as this had been identified as a possible area of concern for e-
cigarettes. The available data presented and discussed with the manufacturers
provided no evidence for exposures other than from compounds also present in
conventional cigarette smoke.

13.  The design of the devices means that any potential sidestream emissions
from them will be very different to those from the burning tip of conventional
cigarettes. In terms of environmental exposure to bystanders, indoor air following
use of the heat-not-burn tobacco products has been assessed by both
manufacturers, and compared with background and environments where
conventional cigarettes (market brands) have been used. These assessments
showed that while some of the measured components increased above background
with the use of the heat-not-burn tobacco products, much greater increases occurred
across all the measured components (volatile organic compounds, combustion
related markers and tobacco smoke related markers including nicotine) following use
of conventional cigarettes.

Toxicity data

14.  In compiling the list of information requested by the Committees for this
evaluation, there was a focus on cancer, mutagenicity, respiratory-related health
effects, cardiovascular and liver effects.

15.  The greatest contrast in the available data for the two products provided by
the manufacturers was with respect to the type of toxicity data available. For both
products however, two genotoxicity tests had been undertaken. For one product
where tobacco is directly heated, in vivo study data were available for some
endpoints with further work planned as well as some in vitro data, while for the other
product where the tobacco is heated by a vapour, information was available from in
vitro studies only.

2 Throughout the statement, unless otherwise stated, comparison was between the product and the
Kentucky 3R4F reference cigarette.




Epidemiological data

16.  Both products are already available on the market in the UK and other
countries around the world. Post-market surveillance is being undertaken by both
manufacturers in these countries.

17.  In addition, for the product where tobacco is directly heated epidemioclogy
studies have been undertaken, mostly relating to the pattern of use rather than on
health. Studies are continuing and the manufacturer’s aim is to assess the impact on
human health, directly or indirectly, compared to people who continue to use their
preferred market brand of conventional cigarettes.

Committees’ discussion

18.  The Committees have considered only the two products notified in the UK,
which therefore does not cover all three of the types of product outlined in the HM
Treasury consultation on taxation of heated tobacco products.

19. A number of differences were identified between the two products, including
the temperature to which the tobacco is heated, which will potentially have an impact
on the number and amount of compounds that become volatilised and can be
inhaled by the user. There is also a difference in the source of the nicotine in the
aerosol. In the product where the tobacco is heated directly, the nicotine is derived
from the tobacco in the device, while for the other product the nicotine is (mainly)
within the liquid, which is aerosolised and passed through the tobacco.

20. The Committees noted the difference in the amount of toxicological and
related data available for the two products, influencing the certainty of conclusions
across the range of heat-not-burn tobacco products.

21.  The request for the Committees to assess the absolute risk of heat-not-burn
tobacco products was not possible to address. While there are data available on
risks associated with cigarette smoking, it is not possible to extrapolate from these
studies as the relative concentrations of the HPHCs in tobacco smoke are different
to those in the aerosol from heat-not-burn tobacco products. Further, information on
the quantitative contribution of specific compounds to the risk from exposure to
conventional cigarettes and their emissions is not available.

22.  The data, both from manufacturers and the limited independent sources,
indicated that the aerosol generated from these novel products contains HPHCs,
some of which are mutagenic and carcinogenic. The normal recommendation of the
Committees is that exposure to such chemicals is kept as low as reasonably
practicable, but there would be a likely reduction in risk for smokers deciding to use
heat-not-burn tobacco products compared with continuing to smoke cigarettes as the
exposure to HPHCs is reduced. Nevertheless using heat-not-burn tobacco products
would involve a greater risk compared to stopping smoking completely.

23.  Areduction in risk would be expected to be experienced by bystanders where
smokers switch to heat-not-burn tobacco products.




24. The Committees were concerned over the potential for non-smokers including
children and young people, who would not otherwise start to smoke cigarettes, to
take up using these products as they are not without risk. There was also concern
over whether use of these products would lead people to take up smoking cigarettes.
Though outside the Committees’ remit, monitoring of the number of non-smokers
who take up use of heat-not-burn tobacco products, and their age profile, would be
useful, and also if it could be determined whether in the absence of heat-not-burn
tobacco products they would have taken up smoking.

25.  The data considered by the Committees was not sufficient to comment on the
relative risks of heat-not-burn tobacco products and e-cigarettes. This is of interest in
case people switch from e-cigarettes to heat-not-burn tobacco products, and the
Committees noted the potential that if people perceive e-cigarettes as safe this
perception could transfer to heat-not-burn tobacco products, despite a lack of data
on which to establish this. It was noted that for the product where a heated vapour is
drawn over the tobacco for flavour, there are similarities with e-cigarettes, so some
of the potential concerns that the COT has scoped out for e-cigarettes may also
apply to this product (see TOX/2016/25). Consideration of these two aspects could
be made when the COT e-cigarette work is taken forward.

26. The Committees considered the potential risks from use of these products
during pregnancy. The current UK advice to pregnant women is to stop smoking
entirely. However, the advice states: “If using an e-cigarette helps you to stop
smoking, it is much safer for you and your baby than continuing to smoke” (NHS,
2017). There is no toxicity data for heat-not-burn tobacco products on the risk to the
unborn child following use by the mother. Based on exposure to compounds of
concern being reduced with heat-not-burn tobacco products compared to
conventional cigarettes, the Committees considered that, though the aim should be
for pregnant women to stop smoking entirely, the risk to the unborn baby is likely to
be reduced if using these products during pregnancy instead of smoking. The
Committees cannot presently comment on the relative risks of use of heat-not-burn
tobacco products compared to e-cigarettes during pregnancy.

27. It was emphasised that nicotine itself is addictive, and can have harmful
effects on health. In addition, users of any nicotine product would use the product in
such a way, and in such quantity, as to achieve a similar effect to that they were
used to from their previous smoking products. Depending on the concentrations of
nicotine in different products, relative exposure to other compounds of concern could
be increased or decreased in the process of achieving the desired nicotine effect.
For example, a user might take a fewer or greater number of puffs, or use these
products more often or for longer than they did with conventional cigarettes.

Committees conclusions and recommendations

28. Tobacco smoking and smokeless tobacco for oral or nasal use are
carcinogenic to humans, and have been classified by IARC as Group 1 carcinogens.




29. The aerosol generated by heat-not-burn tobacco products contains a number
of compounds of concern, some of which are carcinogens, and there will be a risk to
the health of anyone using these products.

30.  For non-smokers who start to use these products, this will be an increase in
risk, compared to if the products were not used. The Committees were particularly
concerned for young people, who do not smoke, starting to use these products, due
to the potential for longer exposure over the remainder of their lives compared to
adults and to possible differences in sensitivity.

31.  As the exposure to compounds of concern in the aerosol is reduced
compared to conventional cigarette smoke, it is likely that there is a reduction in risk,
though not to zero, to health for smokers who switch completely to heat-not-burn
tobacco products.

32.  The risks associated with use of heat-not-burn tobacco products cannot be
quantified due to gaps in the information available and uncertainties in the dose-
response relationship of the chemicals and potential adverse health outcomes. In
addition, the levels of the different compounds in the aerosol vary compared to the
levels in smoke from conventional cigarettes and therefore it is not possible to |
extrapolate from epidemiological data on smoking risks, particularly given the
complexity of the interactions that occur between these compounds in producing
adverse health effects.

33.  As these products contain nicotine and are designed to deliver similar levels
of nicotine to conventional cigarettes, their use will not reduce nicotine exposure or
its risk to health and possibility of addiction from nicotine.

34.  Most of the data on heat-not-burn tobacco products has been provided by the
product manufacturers. To date there has been limited independent confirmation of
the manufacturers’ findings, and for public health reassurance the Committees
consider it important to obtain independent verification of the manufacturers results.

35.  Further information on the population impact of availability of these products
should be collected, including uptake of these products by smokers and non-
smokers and their age profile, whether product switching or dual use occurs
including with e-cigarettes, uptake of smoking as a result of use of these products by
non-smokers, and overall population exposure, including bystanders, to compounds
of concern.

36. In addition to the requested comparison of novel heat-not-burn tobacco
products with conventional cigarettes, it is of interest to compare the risks from these
products to those from e-cigarettes. This will be borne in mind when the COT
considers e-cigarettes, but is not possible to address based on the data presented to
the Committees as part of the current evaluation.

37.  Overall, the Committees conclude that while there is a likely reduction in risk
for smokers switching to heat-not-burn tobacco products, there will be a residual risk




and it would be more beneficial for smokers to quit smoking entirely. This should
from part of any long-term strategy to minimise risk from tobacco use.

COT, COC and COM
COT 2017/04; December 2017
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COT Statement 2017/XX — Appendix 1

COMMITTEES ON TOXICITY, CARCINOGENCITIY AND MUTAGENICITY OF
CHEMICALS IN FOOD, CONSUMER PRODUCTS AND THE ENVIRONMENT
(COT, COC and COM)

Toxicological evaluation of novel heat-not-burn tobacco products

List of COT, COC and COM information needs for assessment of novel heat-not-
burn tobacco products sent to the manufacturers of products notified to Public Health
England by November 2016.




Information needs for COT, COM and COC evaluation of heat not burn tobacco
products

Cigarette smoking has been associated with many health problems; for example
addiction, cancer, and cardiovascular effects. In evaluating heat not burn products
we wish to consider both hazard identification of aspects that may be new to heat not
burn products (for example nanoparticles and device related issues) as well as
comparing risk for known chemicals, and considering the risks associated with
combined use of burn and heat not burn products.

Aspects relating to the Tobacco containing product:
e Constituents and Chemical composition

e Additives
e Temperature of heating, and chemical processes occurring at that
temperature

o How these differ from heating and burning processes occurring in
conventional cigarettes — i.e. what is new chemistry

Aspects relating to the delivery device
¢ Releases (e.g. metals — nickel in particular was mentioned)
e What is the overlap with devices such as e-cigarettes, and any devices
assessed by MHRA

Exposure
¢ Chemicals in the mainstream ‘smoke’
e Nicotine levels
o Chemicals released to the environment

o What the user is inhaling

¢ What is in the air surrounding the user including what is exhaled by the user,
resulting in passive/bystander exposure

¢ Whatis in the general environment as a result of use of the product

¢ How is air quality assessed
o What particulate matter is in the aerosol
o What nanopatrticles arise from use
o Other chemicals released during and after use

e Likely age groups for anticipated use — attractiveness of use to younger age
groups

e Appropriate use levels

e Accidental exposure, and routes of exposure — especially to children

e Potential for deliberate mis-use or overdose — e.g. reports of use of e-
cigarette fluids as eye drops

e Cumulative exposures, including to nicotine, arising from use in conjunction
with conventional or electronic cigarettes

e Consider potential for formation of cancer-causing chemicals as a result of
combination e.g. with dietary chemicals even if no longer present in ‘smoke’




Health effects

For each set of data it is important to know how the evaluation or tests were carried
out, e.g. according to standard methods or otherwise. COT, COM and COC would
require documentation of the methods and statistical analyses undertaken, as well
as dose response data on the biological effects observed.

e Acute effects
o Mutagenicity endpoints e.g.

* DNA Strand breaks

= Clastogenicity

= Aneuploidy

= Gene mutation (Point mutation, Deletion, Rearrangement or
Recombination)

*  Genotoxicity test types (Bacterial, Mammalian in vitro or in vivo,
Site of contact — oral and respiratory, Target organ, Germ cell)

e Chronic effects
o Cancer effects
o Respiratory toxicity
= Lung lipid metabolism
o Systemic toxicity
= Hepatotoxicity
= Cardiovascular toxicity

e Sensitisation potential
e Systems biology data

e Epidemiological data
e Volunteer studies or Clinical assessment
o Pharmacokinetics and Pharmacodynamics
o Biomarkers assessed — including relevant early markers
» Cancer
= Cardiovascular
e Post Market Assessment

¢ Specific toxicity effects of nicotine at the exposure levels resulting from use of
these products

10
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Abstract

Consumers of combustible cigarettes are exposed to many different toxicologically relevant substances associated with nega-
tive health effects. Newly developed “heat not burn” (HNB) devices are able to contain lower levels of Harmful and Poten-
tially Harmful Constituents (HPHCs) in their emissions compared to tobacco cigarettes. However, to develop toxicological
risk assessment strategies, further independent and standardized investigations addressing HPHC reduction need to be done.
Therefore, we generated emissions of a commercially available HNB product following the Health Canada Intense smok-
ing regimen and analyzed total particulate matter (TPM), nicotine, water, aldehydes, and other volatile organic compounds
(VOCs) that are major contributors to health risk. We show that nicotine yield is comparable to typical combustible ciga-
rettes, and observe substantially reduced levels of aldehydes (approximately 80-95%) and VOCs (approximately 97-99%).
Emissions of TPM and nicotine were found to be inconsistent during the smoking procedure. Our study confirms that levels
of major carcinogens are markedly reduced in the emissions of the analyzed HNB product in relation to the conventional
tobacco cigarettes and that monitoring these emissions using standardized machine smoking procedures generates reliable
and reproducible data which provide a useful basis to assess exposure and human health risks.

Keywords Heat not burn - Smoke chemistry - Nicotine - Non-cigarette tobacco products - Carcinogens
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2005). Smoke constituents are generated according to a
temperature gradient depending on exothermic combus-
tion within the burning tip. During puffs, temperatures can
reach up to 950 °C. The majority of compounds, however,
are formed in endothermic reactions within the adjacent
pyrolysis-distillation zone where temperatures decrease from
approximately 600 to 200 °C (Baker et al. 2004). Cigarette
smoke consists of approximately 4800 compounds (Rodg-
man and Green 2003). At least 69 carcinogens had been
identified by the year 2000 (Hoffmann et al. 2001) with an
update to 98 hazardous components in 2011 (Talhout et al.
2011). Fowles and Dybing proposed an approach for prioriti-
zation of tobacco smoke constituents by applying toxicologi-
cal risk assessment methods. They identified 1,3-butadiene
and other substances like acetaldehyde as major contributors
to cancer risk and thus suggested that harm reduction efforts
should set a special focus on volatile organic compounds
(Fowles and Dybing 2003).

Attempts to reduce the toxicity of tobacco smoke can be
traced back to the 1960s. The initial strategies aimed for the
reduction of specific compounds with ambiguous effects on
overall toxicant levels (Baker et al. 2004). Further strate-
gies to reduce toxicant levels included filter tips, filter per-
foration, as well as technical features such as porosity of
cigarette paper and tobacco processing (Hoffmann et al.
2001). Although nicotine and tar content have decreased
by more than 60% since the 1950s, this trend could not be
linked to a drop in mortality rates among smokers. Further-
more, proliferation of low-yield cigarettes became a highly
controversial issue. Despite the lower tar and nicotine con-
tents, toxicant exposure has even increased when smoking
intensities and profiles of long-term smokers are considered
(Hoffmann et al. 2001). Further means to reduce the toxicity
of tobacco smoke are limited, because combustion and con-
sequently pyrolysis and distillation cannot be avoided in the
conventional cigarettes. Since most hazardous compounds
in tobacco smoke are formed between 200 and 700 °C, lower
temperatures would limit formation of noxious compounds.
Although earlier “heat not burn” (HNB) devices failed to
gain consumer acceptance (Caputi 2016), these systems
provide some advantages in terms of toxicant reduction
compared to the conventional cigarettes (Henkler and Luch
2015).

First, in contrast to low-yield cigarettes, reduction of tar
and associated toxicants is not necessarily interlinked with
lower nicotine levels. Therefore, an increased consumption
aimed at compensating deficient nicotine delivery becomes
unlikely. Second, the previous reports indicate that far
lower levels of relevant carcinogens can be achieved in
newly developed HNB devices. One novel product referred
to as “Tobacco Heating System 2.2” (THS2.2) is currently
marketed in more than twenty countries. The manufacturer
has stated that the yield of harmful and potentially harmful

@ Springer

constituents (HPHC) is reduced by about 90% compared to
the 3R4F reference cigarette. Importantly, a reduction of
more than 95% was reported for major carcinogens, includ-
ing benzene and 1,3-butadiene, when emissions were gen-
erated using the Health Canada Intense smoking regimen
(Schaller et al. 2016).

From the perspective of risk assessment, it is essential
to verify levels of toxicants including nicotine that can be
reliably achieved in novel or modified tobacco products. It
needs to be clarified whether standardized machine smok-
ing procedures and standardized analytical methods lead to
reproducible data that can be used to compare devices and
to define a standard to be met if reductions were recognized
as relevant. This is also an important prerequisite to address
the issue of putatively modified health risks or to provide a
differentiated risk assessment according to product features
and specifications. However, independent investigations are
scarce and urgently required. We have, therefore, analyzed
the mainstream smoke emitted by THS2.2 products using
different variants of commercially available tobacco sticks.
This study was focused on the group of carcinogenic vola-
tile organic compounds and aldehydes in particular accord-
ing to the prioritization framework proposed by Fowles and
Dybing (2003). The acquired data provide an important
basis to address health risks and potential benefits in terms
of a potentially reduced exposure to toxicologically relevant
constituents.

Four tobacco heating devices and two different tobacco
stick variants were analyzed with an LM4E smoking
machine (Borgwaldt, Hamburg, Germany) following the
Health Canada Intense smoking regimen (Health Canada
2000). Detailed description of analytical procedure can
be found in the Supplementary Material. An overview of
the measured levels of analytes in the emissions of the two
different tobacco stick variants is given in Table 1. The
obtained values from all used devices were pooled. We com-
pared our emission findings to levels in mainstream smoke
of different combustible cigarettes, including low and high
tar, slim, and reference cigarettes, that were published by
Counts et al. (2005). We displayed the lowest and the highest
yields per analyte that could stem from different brands and
calculated the corresponding reductions of our findings as
averages of both stick variants. The levels of nicotine in this
study were lower compared to the data provided by the man-
ufacturer (Schaller et al. 2016) and also lower but still in the
same range compared to the conventional cigarettes (Counts
et al. 2005). Total particulate matter (TPM) was comparable
to the manufacturer’s findings and higher than TPM from
some combustible cigarettes. The yields of the carbonyl
compounds formaldehyde, acetaldehyde, acrolein, and cro-
tonaldehyde were, with a reduction of 80-96%, considerably
lower when compared to combustible cigarettes (Table 1)
and comparable to the published emissions observed by the
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Table 1 Levels of analytes in

. Parameter Unit Stick variant 1 Stick variant 2 Combustible cigarettes  Reduction

t}fe mainstream smoke. of t\yo (Counts et al. 2005)

different tobacco heating stick

variants with “n”" representing Mean+SD =n Mean+SD n Min~max (mean+SD) %

the number of replicates Puffcomnt  Puffistick 120 1240 5.5+03-13.620.5
TPM mg/stick 52.6+3.2 24 512+32 24 27.5%24-609+£33
Nicotine mgfstick 1.1+0.1 24 1.1+0.1 24 1.07£0.06-2.70+0.14
Water mg/fstick 31.7%5.5 24 285446 24 9.8241.42-21.35+2.23
NFDPM mg/stick  19.8+6.5 24 21.6+59 24 163+1.3-37.6+2.1
Acetaldehyde  pgfstick 1794105 18 183.5+10.1 14 930485-15404153 80.5-88.2
Acrolein ugfstick  9.9+1.2 18 89+1.0 14 89.2+7.3-154.1x13.6 89.5-93.9
Formaldehyde  pugfstick 5.3+04 18 4.7+03 14 293+38-1303+108 82.9-96.2
Crotonaldehyde pg/stick <3.0 18 <30 14 327+£1.5-70.8+£9.0
1,3-Butadiene  pg/stick  0.22+0.02 6 0.20+0.02 6 77.0+£4.8-116.7+143 99.7-99.8
Benzene ugfstick  0.63+0.07 6 0.54+0.05 6 49.7+7.7-98.3+43 98.8-99.4
Isoprene pgfstick  2.10+0.35 6 1.82+0.24 6 509+41-1160+65 99.6-99.8
Styrene pg/stick  0.47+0.06 6 049+0.09 6 154+0.8-333+£28 96.9-98.6
Toluene pgfstick  2.154+0.37 6 1.96+023 6 862+11.0-1762+157 97.6-98.8

Yields are compared to lowest and highest levels found by Counts et al. in combustible cigarettes

All levels were generated using HCI smoking regime

TPM total particulate matter, NFDPM nicotine-free-dried particulate matter

manufacturer (Schaller et al. 2016). Similar to the carbonyl
compounds, the emissions of the volatile and semi-volatile
compounds benzene, 1,3-butadiene, isoprene, styrene, and
toluene were with a reduction of 97 to over 99% markedly
lower when compared to combustible cigarettes (Table 1).
The range of values found is again similar to the manufac-
turer’s data (Schaller et al. 2016). To address consistency of
nicotine and TPM release during the smoking procedure,
the 12 puffs of the smoking protocol were divided into four
intervals of three puffs each and analyzed separately. The
nicotine and TPM release was shown to be inconsistent with
lower yields in the beginning. More detailed information can
be found in the Supplementary Material.

For a profound assessment of health risks and putative
benefits, independent studies by different laboratories are
needed. Furthermore, our intention was not only to reassess
emissions of HPHC and compare to other studies, but also to
use standardized methods as used by surveillance authorities
and establish them for this particular application. More HNB
products from different manufacturers are expected to appear
on a wider market in the future with claims of reduced toxi-
cant levels. Therefore, surveillance authorities will require
standardized methods for routine analysis of HNB products
to verify claims and to protect consumers from being misled.

In this study, we applied methods that are based on inter-
national standards to investigate emissions of a novel HNB
product. We have used a commercially available linear
smoking machine that was initially developed for electronic
cigarettes. Thus, the procedure can be easily transferred. Our
data are in good agreement with some recent investigations.

In their recent study, Li et al. analyzed a set of HPHCs,
including aldehydes and VOC:s, in the emissions of the same
HNB product using ISO and HCI smoking regimen (Li et al.
2018). The data presented in our study support their find-
ings and conclusions. Farsalinos et al. analyzed the nicotine
delivery in the preceding HNB model of the same manufac-
turer (Farsalinos et al. 2017). They found a higher nicotine
yield as compared with the currently marketed THS2.2 that
was analyzed here. Another study that used a custom instru-
ment and custom smoking regimen reported similar findings
for aldehydes but not for nicotine (Auer et al. 2017). A recent
study by Bekki et al., that used the preceding HNB model as
well, focused on tobacco-specific nitrosamines (Bekki et al.
2017). Their determined levels for nicotine, TPM, and water
are comparable to ours. Another group developed a head-
space solid-phase microextraction-based method for semi-
quantitative assessment of VOCs emitted by HNB products
(Savareear et al. 2017). The issue of toxicant reduction is
complex, since these calculations depend on the reference
product. Importantly, our data confirm absolute values for
selected toxicants in the emissions of the analyzed HNB that
are in agreement with data published by the manufacturer
(Schaller et al. 2016). Furthermore, our study is in agree-
ment with the currently published FDA Tobacco Products
Scientific Advisory Committee (TPSAC) briefing document
(Food and Drug Administration 2018).

Another interesting point to show was that emissions of
particulate matter and nicotine were not consistent during
the smoking procedure. Unlike electronic cigarettes, in the
European Union conventional cigarettes are not regulated to
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provide consistent nicotine delivery. Although HNB prod-
ucts are likewise not regulated in terms of consistency of
nicotine delivery, the observed inconsistent delivery may
influence consumer satisfaction, nicotine blood levels, and
adaptations of smoking behavior, and needs to be investi-
gated further.

In our study, we found comparatively high levels of tar.
For the conventional cigarettes, “tar” is defined as particulate
matter subtracted by nicotine and water (ISO 4387:2000),
and is limited to 10 mg tar per cigarette as determined with
the ISO smoking regimen (ISO 3308:2012) according to
European regulations (EU 2014). Importantly, the water
content in the smoke of the HNB product is high compared
to the conventional cigarettes, thus affecting the NFDPM
calculation more than in the conventional cigarettes. The
manufacturer applied a special instrumental set-up to avoid
the loss of water (Ghosh and Jeannet 2014). This special
equipment is neither standardized nor applicable for surveil-
lance authorities. Therefore, we decided to use the extrac-
tion and titration method which is already applied in routine
analysis.

Although the NFDPM value for HNB products can be
formally calculated as for the conventional cigarettes, direct
comparisons would be misleading. TPM of the conventional
cigarettes, which is defined as the portion that is trapped
on the filter (ISO 4387:2000), contains typical toxicants
that were confirmed to be strongly reduced in the analyzed
HNB product. In contrast, the proportion of humectants in
NFDPM of HNB products is markedly higher compared to
the conventional tobacco cigarettes.

The strongly reduced HPHC levels in the emissions
of the analyzed HNB device are likely to reduce toxicant
exposure. Nevertheless, it should be noted that machine
smoking protocols are standardized methods aimed to
monitor reliable emissions, but not accurate models for
human exposure or smoking behavior. Further studies are
required to address the magnitude of exposure reduction.
However, the herein confirmed reductions of relevant
toxicants by about 80-99% are substantial, leading to the
relevant question of putatively reduced health risks. Risk
assessment models need to be established that could take
advantage of the framework for prioritization of carcino-
gens in cigarette smoke as proposed by Fowles and Dybing
(2003). Mainstream smoke constituents were prioritized
according to their concentrations and their cancer potency
factors. A recent study peiformed calculations with one
data set of THS2.2 and provisionally concluded cancer
potencies of HNB products to be more than 10% lower
than the conventional cigarettes (Stephens 2018). We
could confirm a highly substantial reduction of prioritized
major carcinogens, such as 1,3-butadiene, acetaldehyde,
and benzene. Several studies addressed lowered health
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risks due to reduced smoking of tobacco cigarettes and
substantial data are available (Inoue-Choi et al. 2018; Law
et al. 1997; Pesch et al. 2012). It is still uncertain whether
these data are applicable to model reduced exposure in
relation to HNB products. Although modified health risks
are expected, it is difficult to provide an estimate for both
populations and individual smokers.

HNB products are a novelty to the market and more
manufacturers are expected to launch new versions in
this product category. Therefore, it is essential to define
criteria that should be met by new products. Analytical
assessment of HPHC contents in mainstream smoke can
help to define these standards. Regarding a risk-benefit
analysis that is required for novel tobacco products in
Europe (2014/40/EU) (EU 2014), substantial reductions
of toxicant levels might be regarded as a discrete benefit
compared to combustible cigarette consumption, even if
potential consequences for human health still need to be
explored. This is consistent with the previous approaches
proposed for the conventional cigarettes by WHO (World
Health Organization 2014).

We propose that new HNB products need to show
comparable or lower HPHC levels in the emissions as the
analyzed device to confirm a benefit in the context of an
overall risk assessment. The applicable values for toxicant
levels should be continuously minimized and reassessed
when refined products and technologies become available.
By contrast, it should be considered insufficient to show
only a minor decrease of HPHC levels in comparison to
the conventional cigarettes. Furthermore, it should be
assessed whether other levels of toxicologically relevant
substances are elevated in return as alrezidy discussed for
propylene glycol, glycerol, glycidol, and acetol (Food and
Drug Administration 2018). Therefore, further studies
need to be conducted: first, more independent assessments
of toxicant yields need to be published by using standard-
ized methods for the above discussed reasons. Second, it
should be examined whether HNB products lead to other
toxicants and health hazards that have been neglected so
far. Finally, the long-term impact on public health needs
to be assessed in the future.
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