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Cardiovascular disease (CVD) burden due to smoking

• Smoking is a well-established risk factor for CVD incidence (morbidity) and mortality.1

• Smoking causes ischemic heart disease, cerebrovascular disease, peripheral artery 
disease, and aortic aneurysm.2

• 40% of heart disease is attributable to smoking (population-attributable risk), 
compared with approximately 24% for cholesterol and 31% for diastolic blood 
pressure.3

• Tobacco smoking is the single most important preventable cause of premature 
mortality, and quitting smoking is the most cost-effective strategy to prevent CVD.4

• Physicians perceive that diabetes is the most important risk factor for coronary heart 
disease, followed by hypertension and raised low-density lipoprotein cholesterol.5
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Consumer awareness about risk of smoking

While most people are aware that tobacco use increases the risk of 
cancer, there are gaps in knowledge of the CVD risks of tobacco use —
in many countries, these knowledge gaps are substantial:1

➢In some countries, the percentage of adults who do not believe that 
smoking causes heart attacks reaches more than 60%. 

➢>70% of Chinese smokers, 50% of Indian smokers, and 40% of Dutch 
smokers are unaware that smoking causes stroke. 

➢In the U.K., the U.S., and Australia, nearly half of smokers are 
unaware that secondhand smoke causes heart attacks in non-
smokers. 
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Two-week smoking cessation improves platelet 

dysfunction

ADP-induced platelet aggregability

Subjects who quit smoking (open bars)

Subjects who resumed smoking (solid bars)
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Smoking cessation and mortality reduction 

Systematic review of 20 studies

36% relative risk reduction



J.C. Tardif et al. ESC Congress 2016 

Impact of smoking status on stable coronary artery 

disease (CAD)

“Current smokers with stable CAD have a greater risk of future CV events vs quitters.”



Aberg A, Bergstrand R, Johansson S, et al. Br Heart J 1983;49(5):416-22

Survival curves after myocardial infarction (MI) in 

relation to smoking status at three months

“Patients who stopped smoking had a considerably higher survival rate and lower cumulative 

frequency of reinfarction.”



Hasdai D, et al. N Engl J Med 1997;336(11):755-61

Long-term outcome after successful percutaneous 

coronary intervention (PCI)

“Patients who continued to smoke after successful PCI are at greater risk for Q-wave infarction 

and death than non-smokers. The cessation of smoking either before or after percutaneous 

revascularization is beneficial.”



van Domburg RT, Meeter K, van Berkel DF, Veldkamp RF, van Herwerden LA, Bogers AJ. J Am Coll Cardiol 2000;36(3):878-83

Survival curves after coronary artery bypass graft 

(CABG)

“…the risk of death from any cause was 68% greater in patients who persisted in smoking after 

CABG than it was in those who quit.”



K. A. Epstein et al. for the IRIS Trial Investigators, Smoking cessation and outcome after ischemic stroke or TIA, NEUROLOGY 2017; 89 (16)

Smoking cessation and outcomes after stroke or 

transient ischemic attack (TIA)

Relative risk reduction of CV death, MI, or stroke in quitters was 34% compared to continued smoking.
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Smoking cessation and outcomes in stable peripheral 

arterial disease (PAD)

“Patients who quit smoking have lower mortality and improved amputation-free survival compared with 

patients who continue smoking.”



Peters RW, Brooks MM, Todd L, Liebson PR, Wilhelmsen L. J Am Coll Cardiol 1995;26(5):1287-92

Marked reduction in arrhythmic death and overall 

mortality after an MI

Smoking cessation: the best antiarrhythmic therapy!

Smokers

Quitters
p = 0.04 
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The earlier patients quit smoking, the greater the 

benefit!

Stopping smoking at age 25-34 Stopping smoking at age 55-64



Mons et al. Impact of smoking and smoking cessation on cardiovascular events and mortality among older adults: meta-analysis of individual participant data from prospective cohort studies of the CHANCES consortium, BMJ (online) 
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Never too late to quit!

“Smoking cessation in these age groups is still beneficial in reducing the excess risk”.
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European Society of Cardiology Guideline 

recommendations

The combination of motivational support with pharmacotherapy is considered the most effective 
approach to help CVD patients, and non-diseased smokers, to quit smoking. 1

Pharmacotherapies for smoking cessation recommended by clinical guidelines are nicotine replacement 
therapy (NRT), bupropion, and varenicline. 1



The five A’s for smoking cessation 

strategy for routine practice - 2016

Piepoli MF et al. 2016 European Guidelines on cardiovascular disease prevention in clinical practice. Eur Heart J 2016;37:2315–81. doi:10.1093/eurheartj/ehw106



Six-month abstinence rates for NRT

ENSP European smoking cessation guidelines 2012 http://ensp.org/wp-content/uploads/2016/12/ENSP-ESCG_FINAL.pdf

http://ensp.org/wp-content/uploads/2016/12/ENSP-ESCG_FINAL.pdf


Continuous abstinence rates on 

pharmacologic therapy

Gonzalez at al. 2007
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Implementation of guideline recommendations in 

clinical practice

• The time spent by primary care physicians discussing risk factors and 

lifestyle changes or treatment is only 16.5 minutes per patient on average.1

• Lack of time is the main barrier to greater implementation of guideline 

recommendations.1

• In a smoking cessation audit carried out in 2016 by the British Thoracic 

Society among nearly 15,000 inpatients in the U.K. showed that:

➢More than one in four patients were not asked if they smoke, and 

➢Nearly three out of four smokers were not asked if they would like to quit smoking

➢Of these patients, just 20% were referred to a hospital smoking cessation service

https://www.brit-thoracic.org.uk/document-library/audit-and-quality-improvement/audit-reports/bts-smoking-cessation-audit-report-2016/
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Smoking cessation in CAD: persistent smokers 48.6%

• Cross-sectional study

• 7,998 patients <80 years post-CABG, PCI, acute coronary
syndrome

• Interview and exam six months later

Results:

➢16.0% of patients were smoking cigarettes at time of the event

➢48.6% of those smoking at the time of the event were persistent 
smokers six months later



Sauerbeck et al.,Smoking cessation after stroke: education and its effect on behavior. J Neurosci Nurs. 2005 Dec;37(6):316-9, 325.

Smoking cessation after stroke: persistent smokers 

57%

• Prospective cohort of 405 stroke patients 

• Educated about risk reduction during their initial recovery period 

• Participants contacted at three months for a follow-up interview

Results:

➢112 were current smokers at the time of stroke 

➢At three months, 57% of the baseline smokers were still smoking
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Smoking cessation in PAD: persistent smokers 72%

• 1,272 patients with PAD and new or worsening claudication

• Interviews collected smoking status and cessation interventions at 
baseline, three, six, and 12 months

Results:

➢At 12 months, 72% of all smokers continued to smoke
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Electronic cigarettes as smoking cessation intervention

• Because of their similarity to cigarettes, e-cigarettes have the potential to target both 

the behavioral and physiologic components of cigarette smoking, including nicotine 

addiction and hand-to-mouth behavior.1

• A 2015 meta-analysis of randomized clinical trials involving 7,551 participants 

determined that e-cigarettes are effective tools for smoking cessation and reduction 

in the general population.2

• Nicotine-filled e-cigarettes were more effective for cessation than                         

those without nicotine (pooled risk ratio 2.29, 95%CI 1.05-4.97).2



P. Hajek et al. A Randomized Trial of E-Cigarettes  versus Nicotine-Replacement Therapy, NEJM 30 Jan 2019, DOI: 10.1056/NEJMoa1808779
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The role of nicotine



https://www.nice.org.uk/guidance/ng92/chapter/Recommendations#advice-on-ecigarettes

National Institute for Health and Care Excellence 

Guidelines on e-cigarettes

For people who smoke and who are using, or are interested in using, a nicotine-containing 

e-cigarette on general sale to quit smoking, explain that: 

➢ Although these products are not licensed medicines, they are regulated by the Tobacco and Related 
Products Regulations 2016 

➢Many people have found them helpful to quit smoking cigarettes

➢People using e-cigarettes should stop smoking tobacco completely, because any smoking is harmful

➢The evidence suggests that e-cigarettes are substantially less harmful to health than smoking but are 
not risk-free 

➢The evidence in this area is still developing, including evidence on the long-term health impact



House of Commons Science and Technology Committee E-cigarettes, Seventh Report of Session 2017–19 Report, Ordered by the House of Commons to be printed 16 July 2018 

https://www.parliament.uk/business/committees/committees-a-z/commons-select/science-and-technology-committee/news-parliament-2017/e-cigarettes-report-publication-17-19/

U.K. House of Commons Science and Technology

Committee Report 2018

• E-cigarettes present an opportunity to significantly accelerate already declining 

smoking rates.

• E-cigarettes should not be treated in the same way as conventional cigarettes.

• The U.K. government should continue to review the evidence on the health 

effects of e-cigarettes annually and extend that review to heat-not-burn 

products.

• The committee required that there should be a shift to a more risk-proportionate 

regulatory environment, where regulations, advertising rules, and tax duties 

reflect the evidence of the relative harms of the various e-cigarettes, heat-not-

burn products, and other tobacco products available.



Mc Neill et al. E-cigarettes : an evidence upadte

Public health England 2015



https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/781748/Vaping_in_England_an_evidence_update_February_2019.pdf

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/781748/Vaping_in_England_an_evidence_update_February_2019.pdf


https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/781748/Vaping_in_England_an_evidence_update_February_2019.pdf

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/781748/Vaping_in_England_an_evidence_update_February_2019.pdf


Emerging smoke-free regulatory trends



Rajat S. Barua et al. 2018 ACC Expert Consensus Decision Pathway on Tobacco Cessation Treatment A Report of the American College of Cardiology Task Force on Clinical Expert Consensus Documents, Journal of the American College of Cardiology Volume 72, Issue 25, December 2018 



Rajat S. Barua et al. 2018 ACC Expert Consensus Decision Pathway on Tobacco Cessation Treatment A Report of the American College of Cardiology Task Force on Clinical Expert Consensus Documents, Journal of the American College of Cardiology Volume 72, Issue 25, December 2018 
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Creating a New Category: 
Reduced-Risk Products

Reduced-Risk Products (“RRPs”) is the term we use to refer to products that 
present, are likely to present, or have the potential to present less risk of 
harm to smokers who switch to these products versus continued smoking. 

We have a range of RRPs in various stages of development, scientific 
assessment, and commercialization. 

Because our RRPs do not burn tobacco, they produce far lower quantities of 
harmful and potentially harmful compounds than found in cigarette smoke. 



42

What Is the objective of Tobacco Harm 

Reduction?

• Smoking is addictive and causes a number of serious diseases

• Worldwide, it is estimated that more than 1 billion people will continue to 
smoke in the foreseeable future*

• Offering smoke-free alternatives to adult smokers is a sensible, 

complementary addition to existing tobacco control strategies

* http://www.who.int/tobacco/publications/surveillance/reportontrendstobaccosmoking/en/index4.html

Figure adapted from Clive Bates presentation to E-Cigarette Summit (19 Nov 2013)

Note: Reduced Risk Products ("RRPs") is the term PMI uses to refer to products that present, are likely to present, or have the potential to present less risk of 

harm to smokers who switched to these products versus continued smoking.

Successful harm reduction requires that current adult smokers be offered a range of 
Reduced-Risk Products they can fully switch to, should they decide not to quit.
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Eliminating Combustion is Key…

Source: Baker R. R., 1975, Temperature variation within a cigarette 

combustion coal during the smoking cycle, High Temp. Sci., 7, 236-247. 

Coloration by PMI.

Torrefaction

Source: McGrath, T.E., Wooten, J.B., Chan W.G. and Hajaligol, M.R., 2007, 

Formation of polycyclic Aromatic Hydrocarbons from Tobacco: the “Link” 

between Low Temperature Residual Solid and PAH Formation, Food and 

Chemical Toxicology, 45,6,1039-1050

Scientific studies have shown that as the temperature of tobacco increases, the levels of harmful chemicals formed increase

Elimination of combustion is key
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Why heat tobacco rather than burn it?

The Tobacco Heating System (THS) (currently commercialized as IQOS in >40 countries) is designed 
and has been demonstrated to: 
− Heat tobacco without combustion
− Preserve elements of the taste, sensory experience, nicotine delivery profile, and ritual 

characteristics of cigarettes
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PMI’s scientific assessment approach

48
Smith, M.R., et al., Evaluation of the Tobacco Heating System 2.2. Part 1: Description of the system and the scientific assessment program. Regulatory Toxicology and

Pharmacology (2016). http://dx.doi.org/10.1016/j.yrtph.2016.07.006 

IOM (Institute of Medicine). Scientific standards for studies on modified risk tobacco products. Washington, DC: The National Academies Press. 2012.

Post-Market Studies 
and Surveillance

Consumer Perception and Behavior 
Assessment

Clinical Trials

Systems Toxicology Assessment

Standard Toxicology Assessment

Aerosol Chemistry and Physics

Product Design and 
Control Principles
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1 Schaller J-Pat al. Evaluation of the Tobacco Heating System 2.2. Part 2: Chemical composition, genotoxicity, cytotoxicity, and physical properties of the aerosol. Regul Toxicol Pharmacol. 

2016; Suppl 2. Available from: http://www.sciencedirect.com/science/article/pii/S0273230016302902 (Accessed on 03 May 2017):S27-47.

Note: Intense Health Canada’s Smoking Regime; Comparison on a per-stick basis; Excludes Nicotine

Reduced formation of HPHCs by disease 

categories

THS 2.2 produces an aerosol 
that contains on average 90-
95% lower levels of harmful 
and potentially harmful 
constituents (HPHC) than a 
reference cigarette1

29 8 18 712
No. of 

toxicants

CV toxicants: acrolein, 
benz(a)anthracene, benzene, 
butyraldehyde, hydrogen
cyanide, lead, phenol, 
propionaldehyde



Kauneliene et al. Chemosphere 206 (2018) 568-578

THS does not negatively impact indoor air quality
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From risk assessment framework to in vitro study design
In vitro model: adhesion of monocytic cells to human coronary arterial endothelial cells 

(HCAEC)

1. Cell exposure to 3R4F or THS 2.2 (aqueous smoke / 

aerosol extract) 

2. Treatment of HCAECs

3. Adhesion assay 
• Untreated MM6 cells and 4h-treated HCAECs were nuclear-

stained for 15 minutes and then incubated together for 45 
minutes

• After cell fixing and washing, remaining adherent MM6 cells 
and HCAECs were counted

• The adhesion rate was calculated

Poussin et al. Systems toxicology-based assessment of the candidate modified risk tobacco product THS2.2 for the adhesion of monocytic cells 

to human coronary arterial endothelial cells. Toxicology 2016; 73–86.



From risk assessment framework to in vitro study design
In vitro model: adhesion of monocytic cells to HCAECs

Poussin et al. Systems toxicology-based assessment of the candidate modified risk tobacco product THS2.2 for the adhesion of monocytic cells to human coronary arterial endothelial cells. Toxicology 2016; 73–86.

• 3R4F aqueous cigarette 
smoke extract promoted 
adhesion of MM6 cells to 
HCAECs in indirect and fresh 
direct exposure conditions

• At the same concentrations, 
no significant adhesion of 
MM6 cells to HCAECs was 
promoted by THS

• The concentrations of THS 2.2 
required to be increased by 
~10 and 20 times to observe 
similar effects at functional 
and molecular levels to the 
ones observed with 3R4F



Our contact detailsAnimal models of disease



THS

3R4F

THS3R4F

Air3R4F

Air

Cigarette

Cessation

Switching

Candidate MRTP

Reference: Air

Month 2 Month 8Start

Group Exposure

Time

D
is

e
a

s
e

 R
is

k

Point of

Intervention

From

Epidemiology

Assessment Framework

Note: The descriptions in the chart are for illustrative purposes only

From risk assessment framework to in vivo study design
ApoE-/- mouse model: in vivo study to investigate atherosclerotic plaque of the aortic arch

• Eight-month duration (approximately 40% of lifetime)

• Comprehensive analysis of molecular changes and mechanistic impact

• Exposure dose corresponds to ~30 cigarettes per day in human comparison

Cessation

Poussin C at al. Systems toxicology-based assessment of the candidate modified risk tobacco product THS2.2 for the adhesion of monocytic cells to human coronary arterial endothelial cells. 
Toxicology. 2016; 339:73-86.



Atherosclerotic plaque in the aortic arch

Data from µCT at Month 7

Phillips, B., et al. (2015). "An 8-month systems toxicology inhalation/cessation study in Apoe−/− mice to investigate cardiovascular and 

respiratory exposure effects of a candidate modified risk tobacco product, THS 2.2, compared with conventional cigarettes." Toxicological Sciences 149(2): 411-432.



Atherosclerotic plaque in the aortic arch

Data from µCT at Month 7

*: different from sham (p<0.05), #: different from cigarette smoke (p<0.05)
Phillips, B., et al. (2015). "An 8-month systems toxicology inhalation/cessation study in Apoe−/− mice to investigate cardiovascular and 

respiratory exposure effects of a candidate modified risk tobacco product, THS 2.2, compared with conventional cigarettes." Toxicological Sciences 149(2): 411-432.
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15 sites in 
U.S.

ZRHR-ERS-09-EXT (Clinical trials.gov: NCT02649556)ZRHR-ERS-09-US (Clinical trials.gov: NCT02396381)
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Adult healthy 
smokers not 
willing to quit

12-month visit6-month visit3-month visitBaseline visit

Study design and disposition – Exposure Response Study



Lipid metabolism HDL-C

Clotting 11-DTX-B2

Endothelial function sICAM-1

CO acute effect COHb

Inflammation WBC

Oxidative stress PGF2α

Epidemiologic link 
to smoking-related 
disease? 

Affected by 
smoking status

Reversible upon 
smoking cessation

Smoking cessation

Assess the changes across a set of the “eight co-primary 

endpoints” in smokers who switch from smoking cigarettes to 

using THS as compared to those continuing to smoke 

cigarettes for six months 

Co-primary endpoints 
representative of patho-mechanims

Primary objective and co-primary endpoints

Lung function FEV1

Genotoxicity Total NNAL



Changes in endpoints

Endpoint
Change from 

CC-use

Observed change

LS mean difference / 

relative reduction

Hailperin-

Rüger 

adjusted CI

1-sided p-value

(0.0156)

THS directional

change vs. SA 

(literature)

HDL-C Difference 3.09 mg/dL 1.10, 5.09 <0.001*  significant

WBC count Difference –0.420 GI/L –0.717, –0.123 0.001*  significant

sICAM-1 % Reduction 2.86 % –0.426, 6.04 0.030 

11-DTX-B2 % Reduction 4.74 % –7.50, 15.6 0.193 

8-epi-PGF2α
% Reduction 6.80 % –0.216, 13.3 0.018 

COHb % Reduction 32.2 % 24.5, 39.0 <0.001*  significant

FEV1 %pred Difference 1.28 %pred 0.145, 2.42 0.008* significant

Total NNAL % Reduction 43.5 % 33.7, 51.9 <0.001* significant

• All CREs shifted in the same direction as the smoking cessation effect observed in the 
literature

• Five out of eight CREs were statistically significant compared to continued smoking

* denotes significant p-value at the 1.5625% level, following test multiplicity adjustment using the Hailperin-Rüger approach 



Summary - potentially reduced risk products

➢ The attributable risk of smoking to cardiovascular disease is high, and smoking 

cessation therapies and interventions have significant limitations

➢ Cardiovascular effects of potentially reduced risk products have been assessed in 

extensive pre-clinical and clinical programs (in healthy subjects) 

➢ Full switching is the best option for current adult smokers continuing to use tobacco 

➢ Observations likely to translate into clinical relevant outcomes (i.e., reduction in CV 

death, MI, and stroke)

➢ Clinical benefit to be assessed as a next step of PMI’s THS assessment program

→ Improve primary and secondary CVD prevention in clinical practice



Increasing number of third-party studies



Independent verification of PMI’s science – goverment bodies
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