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ABSTRACT

Background: Smoking cessation reduces the risk of developing smoking-related diseases. Although
smoking prevalence has declined, many continue smoking cigarettes. Switching completely to smoke-free
alternatives like the Tobacco Heating System (THS) 2.2—a heated tobacco product for which there is
evidence demonstrating significantly reduced formation and exposure to harmful chemicals compared
to cigarettes—has the potential to reduce the harm caused by continuing to smoke cigarettes.
Methods: We conducted a 6-month clinical study (NCT02396381) with a 6-month extension
(NCT02649556), initially randomizing 984 adult smokers to continue smoking or switch to THS
(non-mentholated), of which 672 continued into the extension study. Endpoints were evaluated at
baseline and at 3, 6, and 12months. We longitudinally assessed biomarkers of potential harm (BoPHs)
known to be reversible upon smoking cessation as indicators of pathways involved in the pathogenesis
of cardiovascular or respiratory diseases and carcinogenicity. The need to cough and safety profile were
also assessed. Impact on eight key BoPHs was used as a proxy to evaluate harm reduction potential.
Results: At 12months, comparison of BoPH levels between the predominant THS use and cigarette
smoking groups showed a positive effect in favor of switching, partially or in full, to THS.

Conclusion: These results provide additional evidence of the harm reduction potential of THS for smokers
who would otherwise continue smoking, but they need to be verified in long-term confirmatory studies.

Clinical trial registration: Clinicaltrials.gov Identifier: NCT0264955. Date of registration: January 7, 2016
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Introduction

Smoking cessation is the best choice for reducing the risk of
developing cardiovascular disease (CVD), chronic obstructive
pulmonary disease (COPD), and lung cancer, and other
smoking-related diseases. Quitting the use of any tobacco or
nicotine-containing product must remain the primary medi-
cal intervention for any smoker, as recommended by stan-
dard of care. Although tobacco control measures implemented
in recent decades (WHO 2003, Levy et al. 2004) helped
reduce the prevalence of smoking, less than 10% of smokers
successfully quit every year in the United States (U.S.) (Centers
for Disease Control and Prevention 2020b). For those who
decide to continue to smoke, a pragmatic approach is needed
to reduce the risk of smoking-related diseases.

In principle, tobacco harm reduction can be achieved
when cigarettes are replaced by substantially less harmful
nicotine delivery systems (Rodu 2011, Royal College of
Physicians 2016). According to the U.S. Institute of Medicine
(IOM; now known as the National Academy of Medicine,

which is part of the National Academy of Sciences), ‘a product
is harm-reducing if it lowers total tobacco-related mortality and
morbidity even though use of that product may involve contin-
ued exposure to tobacco-related toxicants’ (IOM 2001). Some
public health authorities acknowledge that less harmful alter-
natives to cigarettes have the potential to reduce population
harm (Public Health England 2016, Clarke et al. 2019, Centers
for Disease Control and Prevention 2020a, McNeill et al.
2022). However, the concept of Tobacco Harm Reduction
remains controversial from a public health perspective (Franck
et al. 2016, Beaglehole et al. 2019, Hatsukami and Carroll
2020). This is partly because of the complexity of assessing
the impact of new products owing to: (1) the large variety of
alternatives available, (2) their recent market introduction, (3)
the absence of a framework for assessing the long-term risk
reduction potential and remaining risks associated with their
use in the intended population (smokers) without epidemio-
logical evidence, (4) the potential dual or poly-use of prod-
ucts including cigarettes, (5) their impact on non-intended
users (e.g. non-smokers or youth) and (6) concerns related to
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the agendas of the major tobacco companies that produce
these alternative products.

The Tobacco Heating System (THS; brand name /QOS°®) is
a heated tobacco product (HTP) developed by Philip Morris
International (PMI). In 2020, the United States Food and Drug
Administration (FDA) authorized /QOS to be marketed as a
Modified Risk Tobacco Product with exposure modification
orders (FDA 2020). /IQOS was the first tobacco product to
receive an exposure modification order, which permitted the
marketing of /QOS ‘as containing a reduced level of or present-
ing a reduced exposure to a substance or as being free of a sub-
stance when the issuance of the order is expected to benefit the
health of the population’ (FDA 2020).

Multiple studies have evaluated the reduced risk potential
of THS, including studies conducted by scientists independent
from PMI. The decrease in harmful and potentially harmful
constituent (HPHC) emissions (including carcinogens, cardio-
vascular, reproductive, developmental, and respiratory toxi-
cants (U.S. Department of Health and Human Services and
FDA (Food and Drug Administration)) 2012)) in THS aerosol
relative to cigarette smoke is well documented (Schaller et al.
2016, Bekki et al. 2017, Forster et al. 2017, Mallock et al. 2018,
Drovandi et al. 2019, Li et al. 2019, Mallock et al. 2019, Goujon
et al. 2020) and reviewed in Sussman et al. (2023). Consistent
with the chemistry findings, smokers switching from cigarettes
to ad libitum THS use are less exposed to HPHCs (Bekki et al.
2017, Caponnetto et al. 2018, Farsalinos et al. 2018, Mallock
et al. 2018, Simonavicius et al. 2018, Stephens 2018, Li et al.
2019). To understand if reduction of exposure was associated
with early beneficial changes in biological and physiological
functions underlying the development of clinical symptoms
and disease, we evaluated changes in a set of biomarkers of
potential harm (BoPHs) involved in the pathomechanisms of
smoking-related diseases (listed in Table 1). This panel was

Table 1. Biomarkers of potential harm?. (the eight core BoPH are highlighted.).
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used as a proxy to further evaluate the potential disease risk
modification (harm reduction) in smokers who switched to
THS as suggested by the (IOM 2001). Participants categorized
as ‘Other use’ (defined in Supplementary Table 3) were excluded
from the biomarker analysis.

In smokers who predominantly switched to THS for
6months (defined as >70% THS allowing for 30% cigarette
use), changes in a core set of eight BoPHs (HDL-C; WBC;
FEV,%pred; COHb; Total NNAL; sICAM-1; 11-DTX-B2; 8-epi-
PGF,,) indicative of pathomechanisms (i.e. lipid metabolism,
endothelial dysfunction, platelet activation, lung function, oxy-
gen transport, carcinogenicity, inflammation, and oxidative
stress) with evidence of a robust relationship with CVD, COPD,
or carcinogenicity, were evaluated relative to participants ran-
domized to continue smoking their own cigarettes (Philip
Morris Products S.A. 2015, Liidicke et al. 2019). Considering
that clinical and epidemiological data on the short- to
long-term health effects of smoking cessation and the associ-
ation with reduced risk of disease is extensively documented
(US. Department of Health and Human Services 2020), we
compared the short-term changes associated with switching to
THS to the reduction or increase in BoPHs characterized for
smoking cessation use against continuing smoking. Our results
were interpreted as favorable for THS across all BoPH (reduc-
tion of harm), as the direction of changes in the predominant
THS group (predTHS) was comparable to that reported for
smoking cessation within a similar timeframe against ciga-
rettes (LUdicke et al. 2019). These findings were in line with
the fundamental principles of toxicology for which a signifi-
cant reduction in exposure to HPHCs and toxicants should
lead to a reduction in adverse health effects.

The present study was an extension of the initial 6-month
study and aimed to evaluate the changes in a set BoPHs over
12months in adult smokers who switched to THS in

Pathomechanism Indicative BoPH Matrix Reported impact of smoking cessation
Lipid metabolism High-density lipoprotein cholesterol (HDL-C) Serum Increase <1year'?
Apolipoprotein A1 (Apo A1) Serum Increase <1year?
Low-density lipoprotein cholesterol (LDL-C) Serum Decrease after at least 2 years®
Apolipoprotein B (Apo B) Serum Decrease after at least 2years®'
Endothelial dysfunction & Soluble intercellular adhesion molecule-1 (sICAM-1) Serum <1 year¥34221
platelet activation 11-dehydrothromboxane B2 (11-DTX-B2) Serum <1 year'1213
Fibrinogen Plasma Decrease after at least 2years?®
Platelet count Blood Not clear, highly variable in the literature?3°
Albumin? Urine Not expected to change within 1year
Lung function Forced expiratory volume in 1s BD (FEV,) = <1 year'6171819
Forced vital capacity (FVC) yeq post 80 - Not expected to change within 1year
Forced expiratory flow (FEF);s 75 post ap - Not expected to change within 1year
Forced expiratory volume in one second/ Forced vital capacity - Not expected to change within 1year
(FEV,/FVQ) poq gp ratio
Inflammation & oxidative stress White blood cell (WBC) count (total count) Blood <1year>678
8-Epi-prostaglandin F,, (8-epi-PGF,,) Urine <1year's
Myeloperoxidase (MPO) Serum Decrease after at least 2years?’
High-sensitivity C-reactive protein (hs-CRP) Serum Decrease after at least 2-5 years?!
Oxygen transport Carboxyhemoglobin (COHb) Serum <1 year®°
Carcinogenicity Total 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol) (total NNAL) Urine <1year?

BD: bronchodilator.

aThese BoPH represent some of the main pathomechanisms underlying CVD, COPD, and cancer, as described by the U.S. Surgeon General’s report on smoking

cessation (U.S. Department of Health and Human Services 2020).

1 (Forey et al. 2013), 2 (Palmer et al. 2002), 3 (Tsai et al. 2012), 4 (Scott et al. 2000), 5 (Hammett et al. 2007), 6 (Haustein et al. 2002), 7 (Jensen et al. 1998), 8
(Lee et al. 2014), 9 (Erglider et al. 2006), 10 (Kambam et al. 1986), 11 (Rdngemark et al. 1993), 12 (Roethig et al. 2007), 13 (Saareks et al. 2001), 14 (Chehne et al.
2002), 15 (Pilz et al. 2000), 16 (Bake et al. 1977), 17 (Lee and Fry 2010), 18 (Buist et al. 1976), 19 (Willemse et al. 2005), 20 (Carmella et al. 2009), 21 (El-Deek
et al. 2013), 22 (Voulgari et al. 2011), 23 (Gordon et al. 1989), 24 (Stubbe et al. 1982), 25 (Brischetto et al. 1983), 26 (Tonstad and Urdal 2002), 27 (Andelid et al.
2007), 28 (Sinha et al. 2005), 29 (Caponnetto et al. 2011), 30 (Morita et al. 2005), 31 (Tan et al. 2008).
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comparison to those who continued smoking. This extension
study was exploratory in nature; therefore, no pre-specified
hypothesis was tested. A pre-specified hypothesis was tested
at 6months in the main study, with the assumption that the
switching effect would already be significant at 6 months.

The initial study was extended to 12months to: (1) determine
if the impact of predominant THS use was maintained over
12months because switching to THS could have triggered a
change in lifestyle that was not present at 6months but was at
12months (e.g. ordinary physical activity, change in diet, etc)
and (2) understand if people successfully continued to use THS
over a longer period since it is well known that smokers who
quit smoking can relapse at any time in a 12-month study.

Materials and methods
Study design

The overall study consisted of an initial 6-month randomized,
controlled, two-arm ‘exposure response’ confirmatory study
conducted in an ambulatory setting in the U.S. (clinicaltrials.
gov: NCT02396381, March 23, 2015 (Ludicke et al. 2019)), fol-
lowed by an exploratory 6-month extension study (clinicaltri-
als.gov: NCT02649556, January 7, 2016). The Consolidated
Standards of Reporting Trials (CONSORT) Guideline (Schulz
et al. 2010) was used to report the present study. The initial
study enrolled a total of 984 adult healthy smokers who were
not willing to quit smoking (DiClemente et al. 1991, Velicer
et al. 1995) and randomized them (1:1 ratio) into two groups:

«  to smoke their own cigarettes ad libitum (496 partici-
pants, cigarette arm), or

+  to use THS (non-mentholated variant) ad libitum (488
participants, THS arm).

The method used to calculate the sample size for the ini-
tial 6-month confirmatory study was reported in a separate
publication (Lidicke et al. 2019). Briefly, sample size was cal-
culated to ensure an overall study power of at least 90%
while maintaining at least 80% power to detect the expected
effect of THS use as compared with continued cigarette
smoking for each co-primary endpoint. Randomization was
performed during the initial study through an interactive
voice and web response system. Stratified randomization
ensured that each sex was represented by at least 40% of the
participants. A quota ensured that the White race did not
represent more than 75% of the randomized participants.

Of the 984 randomized participants in the initial study,
803 (81.6%) completed month 6. Participants from the 19
sites who completed the initial study (381 in the THS arm
and 422 in the cigarette arm) were asked to participate for
an additional 6 months according to their initial randomiza-
tion arm. The exploratory extension study was descriptive in
nature and no sample size was calculated. The Midlands
Independent Review Board (Overland Park, KS, USA) approved
the study, and all participants provided written informed
consent prior to screening. Recruitment to the extension
study started in September 2015, and the last participant
completed the study in March 2017.

The two studies covered a 12-month period, including a
baseline visit when all participants smoked cigarettes; a
run-in period of 8+2days during which all the participants
used THS for familiarization; a visit for randomization; subse-
quent visits at 3, 6, and 12months; and monthly visits for
safety checks. A 28-day safety follow-up period occurred after
the 12-month visit or after discontinuation. All data were col-
lected in electronic case report forms.

Products

The product tested—THS 2.2—comprises a holder that heats
a tobacco stick and a charger that is used to recharge the
holder (Smith et al. 2016). The sponsor provided THS to
the participants because it was not marketed in the U.S. at
the time of the study. The tobacco sticks were provided on
demand during or between site visits. The composition of
the aerosol generated when heating the sticks, including nic-
otine content, was reported in a separate publication and
compared to cigarette smoke (Schaller et al. 2016). All HPHCs,
except nicotine, were shown to be much lower in THS aero-
sol than in cigarette smoke. Cigarettes, used as a comparator
in this study, were purchased by participants.

Participants

The initial study: The initial 6-month study aimed to demon-
strate that switching from cigarettes to THS over 6 months
would result in favorable changes in BoPHs, with all end-
points shifting in the same direction as they would upon
smoking cessation. The study enrolled adults with at least
10years of smoking history who had smoked at least 10
non-menthol cigarettes per day over the year prior to screen-
ing. They were at least 30years old and not willing to quit in
the next 6 months (Stages of Change questionnaire (Prochaska
and DiClemente 1983), administered by site staff). As per eli-
gibility criteria (Supplementary Table 1), participants with
COPD stage | according to the (GOLD guideline (GOLD 2013)
could be enrolled based on the spirometry at the screening
visit. The study excluded participants with stage Il to IV COPD
(GOLD 2020), pregnant or breastfeeding women, and partici-
pants with body mass index (BMI) <185 or =35kg/mZ.
Baseline spirometry reflected that some participants may
have been GOLD Stage Il. This may have been due to vari-
ability in spirometry measurement.

The extension study: This study was extended for an addi-
tional 6 months for those who met the extension study crite-
ria (Supplementary Table 1). All participants from the initial
study were eligible to enroll in the extension study, unless
they had made a quit attempt in the previous study, had
medical conditions that would jeopardize their participation
according to the investigator’s judgment, or were breastfeed-
ing or pregnant.

The participants were instructed to continue using their
allocated product exclusively without restrictions. Any partic-
ipant who wanted to quit using tobacco-containing products
during any stage of the study was encouraged to do so and
referred to appropriate services. Such participants were not



discontinued; they were encouraged to attend scheduled vis-
its for assessment.

Compensation was provided, as per Institutional Review
Board approval and according to a predefined payment
schedule, irrespective of actual product use.

Procedures

A detailed schedule of assessments is provided in
Supplementary Table 2. As in the initial study, all participants
continued to record their daily use of tobacco or
nicotine-containing products, received information on the
risks of smoking and advice on smoking cessation during the
study and were briefed that THS should not be considered a
lower risk than cigarettes.

For assessment of urinary BoPHs and biomarkers of expo-
sure (BoExps), participants started urine collection at home
on the morning preceding their visit and stopped the collec-
tion 24 hours later.

Blood was collected from the participants using standard-
ized laboratory procedures to measure BoPH levels in serum
and plasma.

Spirometry was carried out following the guidelines of the
American Thoracic Society and European Respiratory Society
(Miller et al. 2005), with predicted values standardized to the
National Health and Nutrition Examination Survey lll-predicted
set (Hankinson et al. 1999). All post-bronchodilator (BD) spi-
rometry testing was performed 15-30-min post-administration
of ~400ug of salbutamol (equivalent to 4 puffs, assuming
100 pg/puff).

Body height, body mass, waist circumference, and blood
pressure were recorded.

Biomarkers of potential harm and biomarkers of
exposure

The eight core BoPHs measured in this study (HDL-C; WBC;
FEV1%pred; COHb; Total NNAL; sICAM-1; 11-DTX-B2; 8-epi-
PGF,,) were the same as the core set tested in the primary
objective in the initial 6-month study, for which results have
been published (Liidicke et al. 2019). Respectively, they are indi-
cators of inflammation, lipid metabolism, lung function, endo-
thelial function, oxidative stress, oxygen transport, platelet
activity, and carcinogenicity, therefore representing some of the
main pathomechanisms underlying CVD, COPD, and cancer as
outlined in the U.S. Surgeon General’s report on smoking cessa-
tion (U.S. Department of Health and Human Services 2020). The
commonly assessed BoPH representative of the pathways that
contribute to the development of tobacco-related diseases are
listed in Table 1, including biomarkers known to be impacted
within Tyear of smoking cessation. In addition, BoExps to the
following HPHCs were measured: total N-nitrosonornicotine,
acrylonitrile, nicotine, and carbon monoxide. The formula used
to obtain nicotine equivalent (NEQ) values is provided in the
Supplementary Material (Supplementary Method 1).

All urinary BoPH and BoExp levels were adjusted to urinary
creatinine concentration and analyzed by Covance Central
Laboratories Services, Inc. (Indianapolis, IN, USA) or Celerion,
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Inc. (Lincoln, NE, USA). These laboratories used methods vali-
dated in accordance with the College of American Pathologists
(CAP) and Clinical Laboratory Improvement Amendments
(CLIA) standards or the Bioanalytical Method Validation guid-
ance for Industry, from the U.S. FDA (FDA2018).

Cough questionnaire

The participants were asked if they had experienced a regu-
lar need to cough within the previous 24h; they indicated
the intensity of the cough. If the answer was ‘yes, partici-
pants were asked to complete a visual analog scale (VAS) and
to self-rate their need to cough on a 100-mm scale. The VAS
has been used in both clinical and academic studies as a
subjective evaluation and longitudinal assessment of cough
and has been validated in subjects with chronic cough (Lee
et al. 2013, Spinou and Birring 2014).

Safety

The safety population consisted of all enrolled participants
with at least one safety assessment. Safety was monitored
under the responsibility of the Investigator supervising each
site (Supplementary Table 2). The following tests were per-
formed: medical interview to check health status, physical
examination, vital sign measurements, electrocardiogram, and
safety laboratory (hematology, blood biochemistry, and urine
analysis). Adverse events (AEs) were recorded and assessed
for seriousness and relatedness to product or study.

Population analysis sets and statistical analyses

The analysis of this study was exploratory. In contrast to the
initial 6-month study, which was a confirmatory study, there
was no pre-specified hypothesis tested and no control of the
overall type | error.

The full analysis set included all randomized participants
who enrolled into the extension study, with recorded product
use, baseline values, and at least one post-randomization
value for one of the eight core BoPHs.

To reflect the realistic use of THS, participants were classi-
fied into four groups (as exposed) according to their product
use pattern. The groups were defined a priori for the safety
population and the full analysis set based on self-reported
product use (cigarettes and tobacco sticks) over the 12 months
post-randomization (Supplementary Table 3). PredTHS use
was defined as >70% of daily tobacco stick use (THS use) on
average (on at least 50% of the days over 12months). Dual
use was defined as 1% to <70% THS use. Cigarette smoking
(cig) was defined as <1% THS use. All participants who did
not meet these criteria were included in the ‘other’ use group.

Each BoPH was analyzed (Table 1)—between the predTHS
and cig groups and the dual and cig groups—by using a
mixed-effects model for repeated measurements, adjusting
for sex, White race, time, value at baseline, interaction with
time, and product use group. Other relevant baseline covari-
ates, as described in Supplementary Table 4, were tested by
means of analysis of variance and Pearson chi-square test for
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continuous and categorical variables, respectively, for being
significantly differentially distributed at Baseline at a 10%
type | error level. Retained baseline covariates added to the
BoPH analyses are described in Supplementary Table 4. Site
was included as a random effect.

The least squares (LS) means and estimate of the differ-
ence, along with 95% confidence intervals (Cl), were esti-
mated for high-density lipoprotein cholesterol (HDL-C), white
blood cell (WBC) count, and forced expiratory volume in 1s
% predicted (FEV,%pred). For soluble intercellular adhesion
molecule-1 (sICAM-1), 11-dehydrothromboxane B2 (11-DTX-
B2), 8-epi-prostaglandin F2a (8-epi-PGF,,), carboxyhemoglo-
bin (COHb), and total 4-(methylnitrosamino)-1-(3 pyridyl)-1
butanol) (NNAL), values were analyzed on the log scale, and
the results were back-transformed in the original scale as a
ratio as well as % reduction relative to cigarette smoking (i.e.
predTHS:cig ratio or dual:cig ratio).

Odds ratios for need to cough (Yes/No) between predTHS
and cig users were derived from a mixed effects logistic
regression model. The model accounted for visit, baseline
value and interaction with visit, sex, White race, age, smoking
intensity, product use group, and interaction with time, as
fixed-effect factors and site as a random effect.

Considering that self-reported product use may not reflect
actual behavior, a post hoc analysis of predTHS was per-
formed to explore the magnitude of effects according to the
intensity of cigarette smoking concomitant to THS use
(Connor Gorber et al. 2009). For each timepoint, this analysis
determined the levels of the eight BoPHs according to each
2-cyanoethylmercapturic acid (2CyEMA) quartile. 2CyEMA is a
BoExp to acrylonitrile, which is an HPHC generated in ciga-
rette smoke from tobacco combustion at >400°C (Rodgman
and Perfetti 2013) that exhibits a linear relationship with the
number of cigarettes smoked (Minet et al. 2011). The half-life
of 2CyEMA has been estimated at up to 8-9 hours (Jakubowski
et al. 1987, Ashley et al. 2020). In previous studies, acryloni-
trile levels were reduced by over 99% in THS aerosol relative
to cigarette smoke (Schaller et al. 2016), and urinary 2CyEMA
levels in smokers switching to THS exclusively for 5days were
decreased by approximately 80% relative to smokers who
continued smoking (Haziza et al. 2016, Lidicke et al. 2018b).
In that context, the present study used 2CyEMA as an objec-
tive chemical marker to evaluate the degree of cigarette
smoking in the predTHS group.

All analyses were performed with Statistical Analysis
Software (SAS) version 9.2 (SAS Inc., Cary, NC, USA).

Results
Population analysis set and demographics

Figure 1 summarizes the CONSORT participant flow through
the initial 6-month ‘Exposure Response Study’ and the
6-month extension study.

Participants who completed the initial study were asked
to participate in the extension study. In the THS and Cigarette
arms, 81% and 86% of participants, respectively, from the ini-
tial study extended their participation and of those, 285 and
329 participants, respectively, completed the study.

The safety population consisted of 940 participants classi-
fied according to product use: predTHS (N=241), dual use
(N=159), cigarette (N=434), and other (N=106) groups.

The full analysis set consisted of 857 participants classified
according to product use: predTHS (N=230), dual use
(N=152), cigarette (N=424), and other (N=51) groups. Of the
230 participants in the predTHS category, 136 (59%) were
classified as being exclusive users (=95% use of THS).

The baseline characteristics of the participants (Table 2) in
the full analysis set were balanced across the four groups includ-
ing, age, sex, race, smoking history, BMI, pack-year smoking his-
tory, and daily cigarette consumption. Cigarette consumption
ranged between 18 and 20 cigarettes per day and smoking his-
tory was of 25-27years on average. According to GOLD guide-
lines (GOLD 2013), pulmonary function was normal in 92.6%,
93.4%, 91.4%, and 92.2% of the predTHS users, cigarette smok-
ers, dual users, and other users, respectively. Across the groups,
62 participants were classified as having COPD stage | and |l
according to the GOLD guidelines (GOLD 2020).

Product use

Over 12months, the predTHS users reported a mean daily
use of 16.5 (95% Cl: 15.4; 17.7) THS tobacco sticks and 1.6
(95% Cl: 1.4; 1.9) cigarettes per day (Supplementary Table 5);
the dual users reported a mean use of 8.1 (95% Cl: 7.2; 9.1)
THS tobacco sticks and 9.2 (95% Cl: 8.3; 10.2) cigarettes per
day, and the cigarette smokers reported a mean use of 16.5
(95% Cl: 15.9; 17.2) cigarettes per day. Use of other tobacco
products (pipe, cigar, cigarillos, chewable/smokeless tobacco,
etc.) was marginal (<0.1 product per day).

Baseline NEQ levels were similar across the predTHS, dual,
and cig groups, with overlapping Cls ranging from 9.1 to
11.8mg/g creatinine; these levels were maintained through-
out the 12months (8.47 to 9.73mg/g creatinine).

The average product consumption and exposure to nico-
tine were stable over the study.

BoPHs

Compared to the cig group, the predTHS group showed a
change in trajectory in the eight core BoPH and in most of
the supportive BoPH (Figure 2 and Table 1). The changes
from baseline were overall in line with the results of the
inferential analyses. The BoPH results are summarized below
and provided in full (baseline, 3, 6, and 12months) in Table
3. All comparisons below are described against the cig group.

Lipid metabolism

The levels of HDL-C were 1.6 (0.0; 3.2), 3.1 (1.3; 4.9), and 1.8
(=0.2; 3.7) mg/dL higher at 3, 6, and 12months respectively
in the predTHS group as compared to continuing smoking.
Concomitantly, apolipoprotein (Apo) A1 levels were 0.5 (-2.5;
3.5), 3.7 (0.3; 7.0), and 2.1 (-1.8; 6.0) mg/dL, respectively. The
low-density lipoprotein cholesterol (LDL-C) and Apo B levels
were lower at 3 and 6 months in the predTHS group with no
notable difference in Apo B levels at 12 months, while a slight
increase was observed for LDL-C.
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Figure 1. Flow of participants through the ‘exposure response study’ and study extension. GCP: good clinical practice; THS: tobacco Heating System.
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Endothelial function and platelet activation ranged from —1.9% (-4.7; 1.1) to —3.2% (-6.1; —0.3) and from
The levels of sICAM-1 and 11-DTX-B2 in the predTHS group —3.3% (-12.5; 6.9) to —4.5% (-14.3; 6.5), respectively. No
were slightly reduced across the study, starting from 3months. meaningful changes were observed in platelet or fibrino-
The mean reductions as compared to continuing smoking gen levels.

Table 2. Summary of demographic data and smoking-related characteristics at baseline; full analysis by prod-
uct use group.

THS use Dual use Cig use Other use
Variables Statistics (n=230) (n=152) (n=424) (n=51)
Sex
Male n (%) 143 (62.2) 85 (55.9) 244 (57.5) 32 (62.7)
Female n (%) 87 (37.8) 67 (44.1) 180 (42.5) 19 (37.3)
Age (years) n (%) 230 (100) 152 (100) 424 (100) 51 (100)
Mean (SD) 43.8 (9.68) 44.2 (9.76) 45.2 (9.54) 445 (8.21)
Race
White n (%) 182 (79.1) 123 (80.9) 338 (79.7) 36 (70.6)
Black n (%) 41 (17.8) 25 (16.4) 73 (17.2) 12 (23.5)
Others? n (%) 7 (3.0 2(13) 13 (3.0) 3 (5.8
Height (cm) n (%) 230 (100) 152 (100) 424 (100) 51 (100)
Mean (SD) 173 (10.3) 172 (8.97) 173 (9.57) 172 (10.2)
Weight (kg) n (%) 230 (100) 152 (100) 424 (100) 51 (100)
Mean (SD) 81.4 (17.0) 80.0 (15.3) 81.2 (15.6) 79.1 (18.1)
BMI (kg/m?) n (%) 230 (100) 152 (100) 424 (100) 51 (100)
Mean (SD) 27.0 (4.06) 26.9 (4.25) 27.1 (4.13) 26.6 (4.91)
Underweight n (%) 1(0.4) 0 0 0
Normal weight n (%) 77 (33.5) 55 (36.2) 142 (33.5) 17 (33.3)
Overweight n (%) 88 (38.3) 57 (37.5) 163 (38.4) 19 (37.3)
Obese n (%) 64 (27.8) 40 (26.3) 119 (28.1) 15 (29.4)
Waist circumference (cm) n (%) 230 (100) 152 (100) 422 (99.5) 50 (98.0)
Mean (SD) 94.6 (16.6) 96.2 (15.3) 94.5 (14.8) 93.3 (12.0)
COPD stage
Normal n (%) 213 (92.6) 139 (91.4) 396 (93.4) 47 (92.2)
GOLD1: Mild n (%) 14 (6.1) 9 (5.9) 24 (5.7) 4 (7.8)
GOLD2: Moderate n (%) 3(1.3) 4 (26 4 (0.9) 0
Others n (%) 0 0 0 0
Smoking duration Mean (SD) 25.6 (9.48) 25.6 (10.0) 26.7 (10.1) 25.7 (10.2)
Smoking intensity® Mean (SD) 18.4 (6.88) 19.5 (7.82) 19.5 (7.87) 20.5 (11.0)
Pack year smoking history Mean (SD) 22.7 (12.3) 233 (14.1) 25.0 (15.9) 23.4 (14.6)

20thers include American Indian or Alaska Native, Asian, and Native Hawaiian, or other Pacific Islander.
bAverage daily cigarette consumption over the last year.

BMI: body mass index; cm: centimeters; COPD: chronic obstructive pulmonary disease; GOLD: Global Initiative
for Chronic Obstructive Lung Disease; kg: kilograms; Other use: General category encompassing participants
with missing product use, or participants using e-cigarettes or other tobacco products, participants who quit,
or participants who switched across different use patterns between consecutive analysis periods; SD: standard

deviation.
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Figure 2. Mean relative differences or reductions (and 95% confidence intervals) between the predTHS and cig groups after 3, 6, and 12months of product use.
A, lipid metabolism; B, endothelial and platelet function; C, lung function; D, inflammation and oxidative stress; E, oxygen transport; and F, carcinogenicity.
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—-0.8%
(=11.7; 11.5)
ref

Relative
difference/relative change Month
—42.1%
(—48.5; —34.9)
-7.87 %
(-19.9; 6.0)
ref
-31.2%
(—=37.0; —24.8)
—4.2 %
(=14.0; 6.6)
ref

change Month 3

Month 12
133 (105; 168)
—25.6 % (—35.2; —16.0)
253 (207; 309)
—5.6 % (—17.0; 5.7)
269 (238; 305)
30.0 % (-10.5; 70.5)
2.59 (2.24; 3.01)
—24.3% (—32.8; —15.8)
3.92 (3.44; 4.46)
—5.0 % (—=14.1; 4.1)
4,06 (3.77; 4.38)
3.1% (-3.0; 9.2)

Month 6
143 (118; 174)
-16.5% (-36.2; 3.2)
288 (246; 337)
—3.3% (—12.7; 6.2)
279 (251; 311)
9.1% (—2.4; 20.7)
2.84 (2.51; 3.20)
—15.2 % (-23.0; —-7.4)
4.23 (3.80; 4.70)
6.0% (—1.6; 13.7)
438 (4.16; 4.61)
7.9% (1.6; 14.1)

Month 3
158 (135; 186)
-17.0% (-31.1; =2.9)
287 (248; 332)
-0.6% (—11.9; 10.8)
293 (268; 321)
42.5% (—23.5; 109)
2.80 (2.53; 3.10)
—19.6% (—26.4; —12.8)
4,14 (3.76; 4.57)
0.5% (=7.5; 8.5)
4.26 (4.02; 4.51)

4.0% (-0.9; 8.9)
Apo A1:apolipoprotein A1; Apo B: apolipoprotein B; BD: bronchodilator; %chg-bas: % of change from baseline; Cig: cigarette smoker; COHb: carboxyhemoglobin; 11-DTX-B2:11-dehydrothromboxane B2; 8-epi-PGF,:

8-epi-prostaglandin F,,; FEF,s,%pred: forced expiratory flow between 25% and 75% of FVC % predicted; FEV,/FVC ratio %: forced expiratory volume in 1s/forced vital capacity ratio %; FEV,%pred: forced expiratory volume

Baseline
295 (263; 331)
342 (298; 391)
314 (288; 343)
4.30 (4.03; 4.58)
4.53 (4.23; 4.86)
4,55 (4.34; 4.76)

Product
group
THS
Dual use
Cig
THS
Dual use
Cig

BoPH
Total NNAL (pg/mg creat.)
mean (95% Cl) % change from
baseline
COHb (%)
baseline

mean (95% Cl) % change from
Note: Adjusted least squares (LS) means and confidence intervals (Cl) from a mixed model analysis conducted with original values, with visit, baseline value and its interaction with visit, sex, White origin, age, product use

pattern category and its interaction with visit, and smoking intensity as fixed-effect factors and site as a random effect.

in 15 %predicted; FVC %pred: forced vital capacity % predicted; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; MPO: myeloperoxidase; NNAL : 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol;
@ HDL-C level was also adjusted on diet.

predTHS: predominant THS user; sICAM-1:soluble intercellular adhesion molecule-1; WBC: white blood cell.

Note: The difference and ratio calculations were further adjusted on diet for HDL level and %pred FEV, for dual use versus cigarette smoking.

Note: Relative change refers to negative reduction. For example, if the ratio of THS vs. Cig is 0.8, then the relative change is -20%.

b %FEV1 was not adjusted on age but was adjusted on diet.

Table 3. Continued.
Pathomechanisms
Carcinogenicity
Oxygen Transport
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Lung function

FEV,%pred values were slightly higher in the predTHS group
across the study, starting from 3months. The mean differ-
ences ranged from 0.8% (0.0; 1.6) to 1.3% (0.3; 2.3). FVC
%pred, FEV,/FVC ratio, and forced expiratory flow between
25% and 75% of FVC % predicted (FEF,s_,s%pred) were con-
sistently higher in the predTHS group.

Inflammation and oxidative stress

The WBC count was lower in the predTHS group across the
study, starting from 3months. The mean differences ranged
from —0.47 GI/L (-0.73; —0.22) to —0.41 GI/L (-0.69; —0.13). In
line with this result, the myeloperoxidase (MPO) and
high-sensitivity C-reactive protein (hs-CRP) levels were reduced
by at least —12.8% (-21.5; —3.3) and —7.8% (-19.7; 6) in the
predTHS group, respectively, starting from 3 months. The mean
reductions in 8-epi-PGF,, levels ranged from —5.9% (-11.5; 0.0)
to —7.5% (—13.2; —1.5) over the study, starting from 3months.

Oxygen transport and carcinogenicity
The mean reductions in COHb and total NNAL levels in the
predTHS group ranged, respectively, from -31.2% (-37.0;
—24.8) to —32.0% (—38.3; —25.1) and —42.1% (-48.5; —34.9) to
—46.3% (—54.8; —36.2) across the study.

Impact of dual use

In the comparison between the dual and cig groups, the
BoPH trajectories in the dual group were similar to those in
the predTHS group, although the magnitude of the effect
was much lower (Table 3).

We used 2CyEMA as an objective marker of intensity for
concomitant use of cigarettes. In a post hoc analysis, the mag-
nitude of effect on BoPH of switching to THS versus continuing
smoking was assessed according to the 2CyEMA levels. Looking
at quartiles of 2CyEMA levels (presented in Supplementary
Table 6), for all BoPH at month 12, except HDL-C, it was noted
that with lower concomitant use of cigarettes, a stronger ben-
eficial effect of switching to THS was observed (Figure 3).

Exposure to HPHCs

In addition to total NNAL and COHb, the following HPHCs
showed relative reductions in the predTHS group versus the
cig group consistently across the study, starting from
3months: total NNN level (N-nitrosonornicotine; LS mean
predTHS use:cig ratios, 61.0 (50.7; 73.4) to 74.0% (58.7; 93.3)),
2CyEMA level (LS mean predTHS use:cig ratios, 48.5 (42.7;
55.2) to 52.4% (44.9; 61.2)%), and exhaled CO level (LS mean
predTHS use-cig difference, —5.46 (-7.20; —3.72) to —7.90 ppm
(—=14.7; —1.10)). Dual users showed a markedly inferior reduc-
tion in BoExp levels (Supplementary Table 8). NEQ levels
were comparable across the study to baseline irrespective of
the product use group.

Cough

The proportion of participants who reported a regular need to
cough was lower in the predTHS group than in the cig group
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Figure 3. Mean relative difference or reduction (and 95% confidence intervals) between the predTHS and cig groups according to 2CyEMA quartile distribution for the set
of eight BoPHs after 3, 6, and 12months of product use. A, WBC (GI/L); B, FEV1%pred; C, HDL-C; D, sICAM-1; E, 8-epi-PGF2a; F, 11-DTX-B2; G, COHb; and H, total NNAL.

(Supplementary Table 9). The mean odds ratio for the need to
cough (predTHS use:cig) was consistent across the study, start-
ing with 0.66 (95% Cl, 0.43; 1.01) at month 3 and moving to
0.59 (0.37; 0.92) at month 6 and 0.60 (0.36; 1.01) at month 12.

Safety

There were no serious AEs (SAEs) related to THS use, while
three SAEs reported by three randomized participants were
considered related to continued cigarette smoking (transient
ischemic attack, acute myocardial infarction, and vascular dis-
orders). The most common AEs across all groups were upper
respiratory tract infection, increased blood triglycerides, and
hypertension. No randomized participant was discontinued
because of AEs related to THS or cigarettes.

Among the predTHS group, 151 participants (62.7%)
reported 371 AEs, in contrast to 278 participants (64.1%) in
the cig group who reported 705 AEs; a total of 33 AEs in the
two product use groups were classified as severe by the
investigators.

The incidence of product use-related AEs was comparable
between the predTHS group (8/241 participants; 3.3%) and
cig group (13/434 participants; 3.0%). The incidence of prod-
uct use-related AEs in the dual group was higher (11/159
participants; 6.9%).

There were very few clinically relevant findings in the clin-
ical laboratory, vital signs, or ECG data, with comparable
changes from baseline to month 6 and month 12 between
the predTHS and cig groups.

Discussion

A panel of eight BoPHs was tested for the primary objective
of the initial 6-month study to estimate the long-term risk

reduction potential of switching to THS on the development
of the main smoking-related diseases (CVD, COPD, and lung
cancer) compared to continued smoking (Liidicke et al. 2019).
The initial study was extended by another 6 months to under-
stand the pattern of change of these BoPH over a period of
12months of THS use versus cigarette smoking among
healthy participants.

In the absence of epidemiological data, we used a BoPH
approach to evaluate the short-term benefit among healthy
participants of switching from cigarette to THS, and to esti-
mate the potential of THS to reduce the risk of developing
smoking related diseases over the long-term for smokers
who would otherwise continue smoking their combustible
cigarettes. According to the IOM, a set of BoPH, to monitor
the early beneficial changes in biological and physiological
functions underlying the development of clinical symptoms
and disease, could be used as a proxy to evaluate further
disease risk modification in smokers without diagnosis of dis-
eases compared to continued smoking (IOM 2001). This
approach has also been suggested by others for assessing
the cardiovascular risk associated with the use of smoke-free
alternatives to cigarettes (Conklin et al. 2019).

As discussed in a previous publication (Lidicke et al.
2019), these BoPHs were selected based on (1) a robust rela-
tionship with at least one known smoking-related disease, (2)
clinical evidence linking cigarette smoking to negative
changes, and (3) favorable changes (reduction or increase)
within  12months following smoking cessation. All eight
BoPHs were discussed during an FDA-sponsored workshop
on BoPHs to be assessed within the frame of tobacco harm
reduction; however, none of them has been formally
approved, and no threshold of changes has been established,
even though a difference of 10% between smokers and
non-smokers was deemed to demonstrate ‘sensitivity to dif-
ferences by smoking status’ (Chang et al. 2019).



The primary analysis was performed in participants classi-
fied as predTHS users as the potential benefit from switching
to THS is assumed only if cigarette consumption is reduced
to an absolute minimum. However, it was expected that
some smokers randomized to use THS would not be com-
pletely adherent as participants were not familiar with the
product.

In the THS randomized arm, 55.6% of participants were
classified as predTHS users, 36.7% as dual users (THS and cig-
arettes), 7.0% as other-users, and 0.7% as cigarette users. The
reduction in exposure to HPHCs in the predTHS group com-
pared to the cig group was lower compared to previous pub-
lications including an independent review (Drovandi et al.
2019, Akiyama and Sherwood 2021). This is likely related to
the allowance of up to 30% concomitant use of cigarettes in
the predTHS user category. Despite the substantial reduction
from baseline in the daily cigarette consumption of the
predTHS group, participants reported an average consump-
tion of 1.6 cigarettes per day. In the dual use group (an aver-
age of 9.2 cigarettes per day and 8.4 tobacco sticks per day),
the extent of exposure reduction was lower than in the
predTHS group (self-reported product use is provided in
Supplementary Table 5). While some studies suggest that
smoking even one cigarette per day increases the risk of car-
diovascular diseases (Hackshaw et al. 2018) and death from
all causes (Bjartveit and Tverdal 2005), this increase remains
smaller than when smoking more cigarettes, thereby still
contributing to harm reduction. This was recently acknowl-
edged by the FDA: ‘Published studies have shown that signifi-
cantly reducing the number of cigarettes smoked per day is
associated with lower risk of lung cancer and death, with greater
reductions in cigarettes per day resulting in less risk. Several
countries have also adopted FDA's position on the concept of
reductions in daily cigarette use.

Our results among healthy participants in predTHS users
describe the positive impact of THS use versus cigarette
smoking, with most of the changes in the BoPHs (increases
or decreases) in line with those reported in the literature
upon 1year of smoking cessation.

Lipid metabolism was improved, as reflected by higher levels
of HDL-C and Apo A1 across the study. The absence of a clear
or consistent decrease in LDL-C or Apo B levels was expected
(Maeda et al. 2003, Ogawa et al. 2015, Chen et al. 2018).

Consistent with the lipid metabolism evidence, BoPHs for
endothelial function and platelet activation (sICAM-1 and
11-DTX-B2), inflammation and oxidative stress (WBC and
8-epi-PGF,,), and oxygen transport impairment (COHb) were
all consistently reduced in predTHS users in a similar manner
as observed following smoking cessation (Palmer et al. 2002)
(Rdngemark et al. 1993, Chehne et al. 2002, Erguder et al.
2006, Lee et al. 2014). Even though the reductions in COHb
were smaller than in some of our previous studies (Haziza
et al. 2016, Haziza et al. 2017, Ludicke et al. 2018a), probably
because participants were allowed up to 30% consumption
of cigarettes, they remain substantial.

No intergroup differences were noted in platelet count,
albumin, or fibrinogen levels. This is consistent with the find-
ings in the literature, as changes in fibrinogen levels may
take over 2-5years to develop (Butkiewicz et al. 2006, Yasue
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et al. 2006), and findings on changes in platelet count are
controversial (Morita et al. 2005, Caponnetto et al. 2011,
Voulgari et al. 2011). It is important to note that in the pres-
ent study among healthy participants, a consistent reduction
in the level of hs-CRP was observed within 12months of
switching to THS, although this change is usually reported
following 2-5years of cessation (El-Deek et al. 2013).

Overall, the results from the predTHS group are character-
istic of a lower atherogenic profile that could indicate a
reduction in cardiovascular risk, particularly when considering
that HDL-C levels (Gordon et al. 1989, Forey et al. 2013), WBC
count, and 8-epi-PGF,, and sICAM-1 levels are reported to be
predictive of decreased future adverse cardiovascular out-
comes (Peck et al. 2018).

Predominant use of THS had a sustained impact on respi-
ratory function, smaller declines in FEV,%pred, FVC %pred,
FEV,/FVC ratio, and FEF,s,s%pred in the predTHS group
over 12months. The likelihood for need to cough was sub-
stantially lower in predTHS users versus smokers. Together
with the decrease in inflammation and oxidative stress, this
could indicate a reduction in risk for respiratory diseases
such as COPD and a favorable impact on quality of life. This
inference is supported by the findings of other studies: (1)
improvement in mucociliary clearance in smokers (Emma
et al. 2020); (2) in a 1-year cohort, /IQOS users showed
improvement from baseline in total COPD assessment (40%),
ability to walk longer, and spirometry outcomes (Sharman
and Nurmagambetov 2020); and (3) a substantial decrease
in annual exacerbations in a small sample of COPD patients
who used /QOS for 3years versus those who continued
smoking (Polosa et al. 2021).

Similarly, there was a reduction in exposure to total NNAL
in predTHS users—a carcinogen suggested as a risk marker
for lung cancer (Hecht et al. 2016). The changes in the levels
of total NNAL were the largest observed among all BoPHs, as
this is directly linked to the composition of THS aerosol,
where NNK is reduced by more than 95% (Schaller et al.
2016), and because NNK exposure can only come from
tobacco consumption. This remains an important and clini-
cally relevant finding, considering the described association
between levels of TSNAs and lung cancer (Yuan et al. 2009).

Dual users also showed modifications in BoPHs, but to a
much lower extent. This result is coherent with the lower
reduction of exposure versus predominant THS use. The
impact of cigarette smoking was verified in predTHS users
when we evaluated the magnitude of changes in the eight
key BoPHs by using 2CyEMA exposure to quantify cigarette
smoking intensity. We observed that lower exposure to
2CyEMA was associated with a higher beneficial impact on
the BoPHs, except in the case of HDL-C, which presented a
different profile. At this stage, no plausible explanation can
be found for the difference in the HDL-C profile.

Overall, the data clearly indicates an inverse dose response
between the number of cigarettes smoked per day and the
magnitude of the beneficial effects when switching to THS
among healthy participants. Smoking cessation clearly remains
the best option for any smoker (U.S. Department of Health and
Human Services 2020). For those who do not quit smoking,
complete switching from smoking to exclusive use of alternative
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products with the potential to reduce harm, such as THS, is crit-
ical to maximize harm reduction. In the real-world—where
smokers choose to try a product and continue if they have a
satisfactory experience—adherence is likely to be higher, and
the beneficial impact on BoPHs could be more pronounced
than was observed among healthy participants.

A strict comparison between the results observed in this
extension study at 6months and the first 6-month study
(Ludicke et al. 2019) cannot be done because the population
differs slightly (not all subjects of the initial study were enrolled
in the extension study). However, they are very comparable for
all BoPHs. At 12months, except for HDL and to some extent
11-DTX-B2 and FEV,%pred, which were less favorably changed
than at 6months, all other BoPH were still very comparable to
the data observed in the 6-month ERS study.

The improvement in the levels of BoPH observed in
healthy smokers who switch to THS are consistent, even
though slightly smaller, with the findings described in a
review of HTPs (Akiyama and Sherwood 2021) and two stud-
ies on HTPs (Gale et al. 2021, Sakaguchi et al. 2021). One
Japanese observational, cross-sectional, study reported an
increase of 13.9% in HDL-C levels and a decrease of 12.4% in
SICAM-1, 17.4% in WBC, 32.6% in 11-DTX-B2, and 28.9% in
8-epi-PGF,, levels in exclusive Ploom TECH users versus con-
tinued smokers over an average of 1.2years (Gale et al. 2022).
Similarly, in the same study, a difference of 8.5% in FEV,%pred
between Ploom TECH users and smokers in favor of HTP
users was observed. In another 12-month study, where smok-
ers were randomized to continue smoking or exclusive use of
the Glo heated tobacco product, similar beneficial changes
were reported, with changes from baseline in levels of BoPH
also moving towards those of smoking cessation, in particu-
lar for SICAM-1 (—8%), 8-epi-PGF,, (—31%), 11-DTX-B2 (-19%),
HDL-C (+6%) and WBC (-18%). FEV, values remained
unchanged in the HTP group, similarly to the smoking absti-
nence group, but unlike the cigarette group that decreased
by 9% after 1year, compared to baseline.

In our study, it is likely that up to 30% concomitant use of
cigarettes by the predTHS users (as self-reported) in our
study explains the lower magnitude of effects on BoPHs than
those reported in these previous publications. As highlighted
in a 2021 review (Akiyama and Sherwood 2021), there are
some inconsistencies in the results obtained in the different
studies looking at BoPH in HTP users. However, the popula-
tions and sample sizes differed quite significantly. In addition,
our post hoc analysis conducted on predTHS users according
to different 2CyEMA levels clearly indicated that the magni-
tude of effect on BoPH was inversely larger as a function of
daily cigarette use intensity.

In terms of safety, the data did not indicate an increased
frequency of AEs in THS users compared to the cigarette
group. Because there is no causal association between an AE
and the product used, AEs are not reliable indicators for
harm or harm reduction for users of THS compared to ciga-
rette smokers. Furthermore, the post-market surveillance data
that are regularly submitted by PMI to regulatory authorities,
including the FDA, show that the safety profile of THS is
close to the safety profile of nicotine replacement therapy.

One of the strengths of our study was the large sample
size, along with a multifaceted evaluation (e.g. multiple
BoPHs, need to cough, safety profile, and product use pat-
terns) over 12months of THS switching. When compared with
the effect of smoking cessation reported in the literature
over the same timeframe, this approach is valuable to pro-
vide early insights into the long-term risk reduction potential
associated with alternatives to cigarettes, such as THS, in the
absence of epidemiological data. It is important to note that
the present study was conducted among healthy participants
where clinically relevant differences are undefined.

This study has some limitations. Self-reported product use
may not reflect actual use behavior. Despite the balance in
demographic characteristics across the four groups of prod-
uct use, our ‘per-exposure’ analysis could have introduced an
attrition bias from some unmeasured confounders. Also,
allowing up to 30% concomitant use of cigarettes of the
predTHS users clearly impacted the magnitude of the changes
observed as some exposure to cigarette remained. If a smoker
completely replaces cigarette smoking with exclusive THS
use, it is expected that greater harm reduction benefits
would be expected. This is suggested by our post hoc analy-
sis on 2CyEMA in predominant THS users that clearly indi-
cates larger effects in users with the lowest daily cigarette
consumption. The extent of product patterns in this study
does not necessarily reflect ‘real-life conditions’ as THS was
provided for free to the participants because THS was not yet
marketed in the U.S. at the time of the study.

Thresholds for clinically relevant changes in the selected
BoPH do not exist. However, it is well recognized that smok-
ing cessation has strong long-term-clinical benefits and the
changes on BoPH are directionally in line with what is
observed when smokers quit smoking. Finally, the study does
not provide insights on hard clinical outcomes. A study to
detect a difference in clinical outcomes would have necessi-
tated a much longer-term follow-up and a larger sample size,
particularly in smokers without a disease diagnosis.

In conclusion, reduction of exposure to HPHCs, favorable
changes on multiple BoPH indicative of pathomechanistic
pathways relevant for diseases associated with smoking, were
in favor of THS use relative to cigarette smoking among
healthy participants. In addition, a reduction in the
self-reported need to cough was observed. When contextual-
ized to the changes reported in the literature for smoking
cessation, our findings suggest that THS has the potential to
reduce smoking-related harms. These data bring additional
scientific evidence of the potential of THS to reduce the risks
of the main smoking-related diseases in smokers who would
otherwise continue to smoke cigarettes. However, morbidity
and mortality data from longer-term and epidemiological
studies will be needed to provide ultimate evidence on the
effect of long-term switching to THS, the level of harm reduc-
tion for smokers achievable, and remaining risks.
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