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Background

Tobacco smoking

Harm reduction

Risk continuum



*Source: The Tobacco Atlas, WHO, MacKay, Eriksen & Shafey, 2006

The WHO estimates the number of smokers 
will rise to between 1.5 and 2.2 bn by 2050 
and ~1,000,000,000 smoking-related deaths 

predicted this century*



PREP:  A product that:

(1) results in the substantial reduction in exposure to one 
or more tobacco toxicants 

and 

(2) can reasonably be expected to reduce the risk of one 
or more specific diseases or other adverse health 
effects

Potential reduced exposure products 
(PREPs)

Source: Institute of Medicine (2001) Report; Clearing the Smoke, The Science Base for Tobacco Harm Reduction



Harm reduction: Our aim 

“We aspire to reduce the harm caused by tobacco use 
by evolving our products to a portfolio of commercially 
successful lower risk products, to meet consumer and 
societal expectations”

“We recognise that we will only be able to succeed if 

others support this aspiration”



Product risk continuum

Tobacco and nicotine products can be considered to sit on a 

continuum of risk



Reducing harm from tobacco use,  Professor Ann McNeil and 

Professor Marcus Munafo, Journal of Psychopharmacology, October 

3, 2012

Combustible 
tobacco products

Non-combustible 
tobacco products

Non-combustible 
nicotine products

Cigarettes

Cigars

Pipes

Most dangerous Least dangerous

Chewing tobacco

Tobacco gum

Snus

E-cigarettes

NRTs



Regulatory fora

WHO : Framework Convention on Tobacco Control

EU : Tobacco Products Directive

US : FDA – Family Smoking Prevention and Tobacco 
Control Act



WHO and Framework Convention for 
Tobacco Control

�A treaty adopted by the 56th World Health Assembly 
on May 21, 2003

�Came into force on February 27, 2005.Signed by 168 
countries and is legally binding in 176 ratifying 
countries. 

�2 principal bodies: the Conference of the Parties 
(COP) and the permanent Secretariat. 

- COP is the governing body of the WHO FCTC and is 
comprised of all Parties to the Convention. Regularly reviews 
the implementation of the Convention and takes the 
decisions necessary to promote its effective implementation, 
and may also adopt protocols, annexes and amendments to 
the Convention

- TobLabNet- global tobacco testing laboratory

- TobReg- SAC recommendations and reports  in product 
regulation



Objectives, 
Principles 

and Obligations

Scientific 
Information 
Exchange

Liability

Protection 
of the 

Environment

Measures to 
Reduce Supply:

Measures 
to reduce 

demand:

�Price and Taxation

�Regulation of Contents

�Regulation of Disclosure

�Packaging and Labelling

� Illicit Trade

�Minors

�Education

�Advertising, Promotion and 

Sponsorship

�Dependency and Cessation

FCTC treaty: What does it cover



�Dec 2012 revision to 2001 Directive, adopted in 

2013,to come into effect 2014/15

- Regulate non-tobacco products

- Labelling and packaging

- Additives/ overt flavourings

- Internet sales 

- Track and tracing of products

EU Tobacco Products Directive (TPD)



FDA- Family Smoking Prevention and Tobacco 

Control Act

Setting performance standards 
for tobacco products

Reviewing premarket 
applications for new and 
modified risk tobacco 
products (MRTPs)

Enforcing advertising and 
promotion restrictions for 
tobacco products

� Signed by President Obama on 22
June 2009

� Places tobacco products under the

regulatory authority of the US FDA



US FDA: Potential to set future global 
regulatory directions

�The Center for Tobacco Products (CTP) oversees the 
implementation of the Family Smoking Prevention and 
Tobacco Control Act

�CTP informed by
- Tobacco Products Scientific Advisory Committee (TPSAC)

- Reviews and evaluates safety, dependence, and health issues relating 
to tobacco products and provides appropriate advice, information and 
submit reports/recommendations 

- The impact of the use of menthol in cigarettes on the public health, 
including such use among children, African Americans, Hispanics 
and other racial and ethnic minorities 

- Any application submitted by a manufacturer for a modified risk 
tobacco product

- Public workshops with scientific experts

- Funded research



Modified risk tobacco products (MRTPs)

�Tobacco products that are sold or distributed for use 
to reduce harm or the risk of tobacco-related disease 
associated with commercially marketed tobacco 
products

�Key areas of investigation:
- Health risks of the tobacco product

- Effect on tobacco use behaviour among current users

- Effect on tobacco use initiation among non-users

- Effect of marketing on consumer understanding and perceptions.

- Effect on the population as a whole.



Recommended scientific studies and 
analyses

�Smoke chemistry – harmful and potentially harmful 
constituents

�Nonclinical studies: in vitro, in vivo, and ex vivo

�Address clinical toxicities of tobacco products, 
compare to other tobacco products on the market

�Appropriate models “sufficiently sensitive” for the 
selected endpoint and assess the actual differences

� In vivo- test product administered to animals by route 
representative of human exposure, where feasible 

�Abuse liability may rely on a battery of studies that 
could include animal models of conditioned place 
preference, drug discrimination and self-
administration



Tobacco Regulatory Science

Research priorities

Collaborative research



7 Research priorities: 56 Research questions 

� Understanding the diversity of tobacco products

� Reducing addiction to tobacco products
What high-throughput screens can be developed and/or used to evaluate compounds in tobacco products and 
smoke that may affect addiction (e.g., act on nicotinic or dopaminergic receptors, impact release and/or removal of 
nicotine or dopamine, etc.)? (15)

In animal models of dependence, what are the appropriate dosing and administration procedures for evaluating 
smokeless tobacco products? (19)

� Reducing toxicity and carcinogenicity of tobacco products and smoke
What methods and measures best assess biologically relevant changes in harmful and potentially harmful 
constituents in tobacco products and smoke in both nonclinical models and humans?(21)

� What in vitro and in vivo assays are capable of comparative toxicity between two different tobacco products; with 
special attention to cardiotoxicity, respiratory toxicity, carcinogenicity, and developmental/reproductive toxicity? (22)

In animal models, what smoke inhalation methods best mimic human exposure? (26)

� Understanding the adverse health consequences of tobacco use

What animal models can be validated to establish standard toxicity changes and what magnitude observed within in vivo 
assays would correlate with changes in human health outcomes?

� Understanding communications about tobacco products 

� Understanding tobacco product marketing

� Understanding how economics and policies affect tobacco product use 



CTP creating collaborative opportunities 

�Public workshop 29 Feb 2012 “Expanding the Research 
Base for Tobacco Product Regulation”

� NIH and FDA CTP formed interagency partnership – to 
foster and facilitate tobacco regulatory research

- CTP and National Center for Toxicological Research (NCTR) 
"partnered on research” to support  tobacco regulatory science

- Tobacco Regulatory Science Fellowship

- Summer 2012 several FOAs – administered by NIH using 
designated funds from the CTP for tobacco regulatory science

�Focus on “…rapid generation of research data…”



Tobacco Centers of Regulatory Science 
(TCORS) – RFA-DA-11-003

� “.. is to conduct programs of multidisciplinary research that 
will inform tobacco product regulation and address the 
research priorities related to the regulatory authority of the 
FDA CTP…..The TCORS program will lead the 
establishment of a broad national scientific base of tobacco 
regulatory research.”

�10-12 TCORS to be awarded, $20m/Center

�Closing date: Nov 2012, Start date: Sept 2013

�Shortlisting by “expert panels” April 2013, 
announcements August 2013



Other NIH-FDA funding opportunities (2013–2015)

PAR-12-268
R03

PAR-12-266
R21

PAR-12-267
R01

Grant type 2 years
Small, discrete, well-defined 
projects 

2 years
Exploratory and development 
research projects

5 years
Research project

Suggested areas • Pilot/feasibility studies
• Secondary data analysis
• Research methodology
• New technology

• Novel area of study
• New experimental system
• Innovative use of a existing 

methodology to explore 
regulatory research

• understanding constituents, 
components, ingredients, 
additives, design features; use 
behaviours; perceptions, 
attitudes and beliefs of 
conventional and new and 
emerging tobacco products 
focused around the 56 FDA 
CTP research priorities 

Funds Total: $100K
No more that $50K pa

Total: $275K
No more than $200K pa

Total: not limited
No more than $500K pa

Application dates Nov 2012, Jan 2013, June 2013, Jan 2014, June 2014, Jan 2015

Start dates July 2013, Oct 2013, April 2014, Oct 2014, April 2015, Oct 2015 



Evidence-based harm reduction

BAT Research Programme



R&D at British American Tobacco since 1956



DISEASE MODELLING CLINICAL STUDIES

GENOMICS AND BIOINFORMATICS

Leading edge tobacco science
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First clinical studies on reduced toxicant 
modified combustible prototype products

Shepherd CJ et al. Changes in levels of biomarkers of exposure observed in a 
controlled study of smokers switched from conventional to reduced toxicant 
prototype cigarettes. Regulatory Toxicology & Pharmacology (2013) 
http://dx.doi.org/10.1016/j.yrtph.2013.02.007



Scientific engagement and transparency

PRESENTATIONS AT INTERNATIONAL 
CONFERENCES

PEER-REVIEWED SCIENTIFIC PUBLICATIONS

Number of submitted manuscripts



In vitro models in the context of product 
assessment

�We are developing in vitro models 
- To help us understand and investigate the mechanisms of 

cigarette smoke toxicity

- To identify and assess disease-related biomarkers

- To assess changes in response when exposed to potential 
modified risk tobacco products 

- To reduce animal experimentation

�Data from in vitro models would provide supporting 
information for MRTP assessment



Regulatory Toxicology

Neutral red assay

• Cytotoxicity

Ames assay

• Genotoxicity

Micronucleus assay

• Genotoxicity
Mouse lymphoma assay

• Genotoxicity

Product IC50 Value 

(µg/mL)

Test Product 2 53.86

Commercial Control 54.24



In vitro models of disease

�By in vitro models of disease we mean laboratory 
based models, typically using human cell lines, that 
are physiologically relevant to diseases associated 
with tobacco use



Standards for in vitro models of disease

�Basic pre-validation framework 
- Disease relevance

- Appropriate culture system and responsiveness

- Donor variation 

- Ruggedness (R&r)

�Other considerations:
- Exposure

- Acute/ chronic

- How cells are exposed? Submerged/ ALI

- Standardisation of the test material generation/ delivery



Generating smoke for in vitro testing

Cell culture at the air-liquid interface

From 
cigarette 
smoke 
generator

To 
Exhaust

From 
cigarette 
smoke 
generator

To 
Exhaust

Total particulate matter (TPM)

Aqueous extracts (CSE)

Whole smoke

Cells

Growth media

Submerged cell culture

Cells

Media/CSE/TPM

Media CSE

TPM in 
DMSO

Whole Smoke

Whole smoke 
aerosol

Gas Phase

Particulate Phase

+Gas Particulate 



Aerosol mass in vitro

Adamson et al, Chemistry Central Journal 2012, 6:98



Formaldehyde

Acetaldehyde

Acrolein

Carbon Monoxide (CO)

1,3 Butadiene

Benzene

4-(Methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK)

N-nitrosnornicotine (NNN)

1 - aminonaphthalene

2- aminonaphthalene

Aflatoxin B1

4- aminobiphenyl

Methyl ethyl ketone 

Acetone

(Butyraldehyde)

Crotonaldehyde

Propionaldehyde

Catechol

(Hydroquinone)

m+p - Cresol

o-Cresol

Phenol

(Resorcinol)

Ammonia

Hydrogen cyanide

(NO/NOx)

Acrylonitrile

Isoprene

Toluene

Styrene 

Quinoline Nicotine

Arsenic

Cadmium

Chromium

Lead

Mercury

Nickel 

Selenium

(N-nitrosoanabasine (NAB))

(N-nitrosoanatabine (NAT))

Acetamide

Acrylamide o-Anisidine

A-α-C (2-amino-9H-pyrido[2,3-b]indole)

Benz[a]anthracene

Benz[j]aceanthrylene

Benzo[b]fluoroanthene

Benzo[k]fluoroanthene

Benzo(b)furan

Benzo[c]phenanthrene

Beryllium

Caffeic acid

Chlorinated dioxins/furans

Chrysene

Cobalt

N-nitrosodimethylamine (NDMA)

Cyclopenta[c,d]pyrene

Dibenz[a,h]anthracene

Dibenzo[a,e]pyrene

Dibenzo[a,h]pyrene

Dibenzo[a,i]pyrene

Dibenzo[a,l]pyrene

2,6-Dimethylaniline

Ethyl Carbamate (urethane)

Ethylbenzene

Ethylene oxide

N-nitrososarcosine (NSAR)Furan

Glu-P-1 (2-Amino-6-methyldipyrido[1,2-a:3',2'-d]imidazole)

Glu-P-2 (2-Aminodipyrido[1,2-a:3',2'-d]imidazole)

Hydrazine

Indeno[1,2,3-cd]pyrene

IQ (2-Amino-3-methylimidazo[4,5-f]quinoline)

MeA-α-C (2-Amino-3-
methyl)-9H-pyrido[2,3-
b]indole)

5-Methylchrysene

Naphthalene

Nitrobenzene

Nitromethane

2-Nitropropane

N-Nitrosodiethanolamine
(NDELA)

N-Nitrosomethylethylamine

N-Nitrosopiperidine
(NPIP)

N-nitrosopyrrolidine
(NPYR)

PhIP (2-Amino-1-methyl-6-phenylimidazo[4,5-b]pyridine)

Polonium-210

o-ToluidinePropylene oxide

Uranium-235
Trp-P-1 (3-Amino-1,4-dimethyl-5H-pyrido[4,3-b]indole)

Trp-P-2 (1-Methyl-3-amino-5H-pyrido[4,3-b]indole)

Vinyl Acetate

Vinyl Chloride

Benzo[a]pyrene

Abbreviated list of HPHCs in 
Smokeless Tobacco

Acetaldehyde

Arsenic

Benzo(a)pyrene

Cadmium

Crotonaldehyde

Formaldehyde

Nicotine (total & free)

NNK

NNN

(Nicotine-free dry particulate matter (NFDPM))

April 2013

10 9 21 63
+9

HC
FDA

FCTC

Anabasine

Coumarin

N-Nitrosomorpholine (NMOR)

Nornicotine

Uranium-238

Abbreviated list of HPHCs in 
Cigarette Smoke

Acetaldehyde

Acrolein

Acrylonitrile

4-Aminobiphenyl

1-Aminonaphthalene

2-Aminonaphthalene

Ammonia

Benzene

Benzo(a)pyrene

1,3-Butadiene

Carbon monoxide

Crotonaldehyde

Formaldehyde

Isoprene

Nicotine (total)

NNK

NNN

Toluene

(Pyridine) 

(3 – aminobiphenyl)

N-nitrosodiethylamine



Prioritisation of tobacco smoke toxicants

�Various approaches have been use to seek to 
prioritise tobacco smoke toxicants   

- e.g. Fowles and Dybing, Tobacco Control, 12, 424, 2003 

- Cunningham et al, Food and Chem Tox, 49, 2921, 2011

�Margins of Exposure (MoE)

- European Food Safety Authority (EFSA) Margin of Exposure 
(MOE) model, which is designed to segregate risk management 
actions into high or low priority and is endorsed, although not for 
tobacco product assessment, by the EU scientific committee on 
consumer products

- MOE values >10,000 = low priority for risk management



Prioritisation of tobacco smoke toxicants following 
a margins of exposure (MoE) analysis

Category I Category II Category III Category IV Category 
V

Acrolein

Formaldehyde

Acrylonitrile

1,3-Butadiene

Acetaldehyde

Isoprene

Benzene

Ethylene Oxide

Chromium (VI)

Acrylamide

Cadmium

Arsenic

Styrene

NDMA

NNK

Toluene

m- & p-Cresols

NPYR

Propionaldehyde

Nickel

NNN

4-Aminobiphenyl 

2-Aminonaphthalene

Anthanthrene

7H-
Dibenzo[c,g]carbazole

Dibenz[a,h]acridine

Benzo[g,h,i]perylene

Indeno(1,2,3-c,d)pyrene

Beryllium

5-Methylchrysene

Pyrene

Dibenz(a,h)anthracene

Benzo(k)fluoranthene

Coumarin

Hydrazine

NDELA

Mercury

Vinyl chloride

Benzo[b]fluoranthene

NPIP

Benzo[a]pyrene

NDPA

Chrysene

NDBA

Vinyl Acetate

Benzo[j]fluoranthene

55

additional 

compounds

Category I - High Priority
Category II - Limited data suggests high priority but requires further biological data for clarification of conclusion
Category III - Limited data suggests low priority but requires further biological data for clarification of conclusion
Category IV - Low Priority
Category V - No MOE available – Lack of biological data and/or tobacco smoke yields



Computational modelling linked with 
focused experimentation supports credible 
interspecies extrapolation

35

In Silico
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In Vivo
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Timchalk et al, 2011, SOT Workshop: Washington DC.  Role of Biomarkers in Assessing Tobacco Harm Reduction: A Toxicological Perspective. ABST#2699



Summary

�Tobacco product regulation is becoming more 
technical- a new discipline

�Need for scientific rigor, transparency and clarity

�Scientific consensus/ standards in determining risk

�We believe that in vitro models of disease hold 
promise as a part of a scientific assessment 
framework for modified risk tobacco products



www.bat-science.com
we welcome your comments


