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Abstract

Introduction: Modified-risk tobacco products are expected to reduce exposure to harmful and
potentially harmful constituents of cigarette smoke, and ultimately reduce the health burden of
smoking-related diseases. Clinically relevant risk markers of smoking-related diseases inform
about the risk profile of new tobacco products in the absence of in-market epidemiological data.
The menthol Tobacco Heating System 2.2 (mTHS) is a modified-risk tobacco product in develop-
ment as an alternative to cigarettes (conventional cigarettes [CCs]).

Methods: In this parallel-group study, Japanese adult smokers (23-65 years; >10 mCCs/day) were
randomized to mTHS, menthol CCs (mCC), or smoking abstinence (SA) for 5 days in confinement
and 85 days in ambulatory settings. Endpoints included biomarkers of exposure to harmful and
potentially harmful constituents and clinically relevant risk markers of smoking-related diseases.
Results: One-hundred and sixty participants were randomized to the mTHS (n=78), mCC (n = 42),
and SA (n = 40) groups. Switching to the mTHS was associated with reductions in biomarkers of
exposure compared with continuing mCCs. Reductions in 8-epi-prostaglandin F2a (biomarker of
oxidative stress), 11-dehydro-thromboxane B2 (biomarker of platelet activation), soluble intracel-
lular adhesion molecule-1 (biomarker of endothelial function), and an increase in high-density
lipoprotein cholesterol (biomarker of lipid metabolism) and forced expiratory volume in 1 second
(biomarker of lung function) occurred in the mTHS group compared with the mCC group. The
changes in the mTHS group approached those in the SA group.

Conclusions: Switching from mCCs to mTHS was associated with improvements in clinically rel-
evant risk markers linked to mechanistic pathways involved in smoking-related diseases.
Implications: In this three-way randomized study, switching from menthol cigarettes to mTHS for
5 days in confinement and 85 days in ambulatory settings was associated with reductions in bio-
markers of exposure to cigarette smoke, and changes were observed in clinically relevant biomark-
ers of oxidative stress (8-epi-prostaglandin F2a), platelet activity (11-dehydro-thromboxane B2),
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endothelial function (soluble intracellular adhesion molecule-1), lipid metabolism (high-density
lipoprotein cholesterol) and lung function (forced expiratory volume in 1 second), similar to the
SA group. The results suggest that switching to the mTHS has the potential to reduce the adverse

health effects of conventional cigarettes.

Introduction

There is an increasing focus on developing harm reduction strategies
to address the health risks of conventional cigarettes (CCs). In 2012,
the US Food and Drug Administration (FDA) issued draft guidance
for industry on the regulatory application of modified-risk tobacco
products (MRTP).! In this draft guidance, the FDA stated that the
application “must provide scientific evidence regarding the effect of
the product on the health of individuals.” As part of this application,
the applicant must conduct a variety of studies to “[...] enable FDA
to fully assess—whether using clinical risk endpoints in the case of a
risk modification order or exposure risk endpoints in the case of an
exposure modification order—the health risks of the tobacco prod-
uct as compared with other consumer behaviors.”

The evidentiary standard for assessing MRTPs, as expressed in
the FDA’s draft guidance, endorses the public health perspective for
evaluating the population benefit-risk profile using CCs as a default
comparator with a known risk profile. At the level of individual risk,
ineffectiveness and lack of acceptance of the candidate MRTP nullifies
the potential population benefit of the MRTP. In the context of MRTP
assessment, nonclinical and clinical measures of relevance to long-term
smoking-related disease that are sensitive to smoking cessation can be
used to define the risk profile in premarketing settings, especially in
the absence of long-term epidemiological and health outcome studies.

In the first stage of this process, it is important to conduct in
vitro, in vivo, and clinical studies to first examine whether the candi-
date MRTP does in fact reduce exposure to harmful and potentially
harmful constituents (HPHCs) of cigarette smoke, and to assess the
potential toxicological effects.?

Quitting smoking is known to reduce the excess risk of severe
diseases, like chronic obstructive pulmonary disease, ischemic heart
disease, and cerebrovascular disease.>”> By switching to an MRTP
associated with reduced exposure to HPHCs of cigarette smoke,
we might expect to see similar reductions in clinically relevant risk
markers for these diseases, as observed with smoking cessation.

A recent Japanese cross-sectional study revealed marked differ-
ences in a variety of biomarkers of cardiovascular disease between
smokers and nonsmokers; some were lower in smokers, such as
high-density lipoprotein (HDL) cholesterol (a biomarker of lipid
metabolism), and others were higher in smokers, such as fibrinogen,
total white blood cell count (WBC) (biomarkers of inflammation);
8-epi-prostaglandin F2a (8-epi-PG-F2a; a biomarker of oxidative
stress); and 11-dehydro-thromboxane B2 (11-DTX-B2; a biomarker
of platelet activation).® The same clinical risk endpoints were exam-
ined in this study in smokers who switched to menthol THS 2.2
(mTHS) or abstained from smoking mCC.

With the objective to develop and commercialize reduced risk
products, the Tobacco Heating System 2.2 (THS) (Philip Morris
International, Neuchitel, Switzerland) was designed to reduce the
formation of HPHCs by heating rather than burning tobacco. The
aerosol generated by the system delivers nicotine and flavor to the
user. Several studies have examined the impact of the THS (and its
prototypes) on biomarker of exposure levels in non-clinical and
clinical studies, and demonstrated that the system markedly reduces

exposure to HPHCs from THS aerosol compared with cigarette
smoke.”1°

Some studies have also investigated the impact of the THS on
biologically relevant risk markers, and confirmed that this system
was associated with favorable changes in biomarkers reflective of
lipid metabolism and other risk markers associated with cardio-
vascular disease both in vitro and in vivo.®»'"'> However, results
obtained in laboratory settings may not apply to humans; therefore,
it is essential to verify whether switching to the THS is associated
with improvements in relevant risk markers in humans, that is, with
changes approaching those upon quitting all tobacco product use.

The present study was performed to examine the impact of
switching to mTHS after 5§ days of confinement and a further 85
ambulatory days in Japanese smokers. We conducted a three-way
parallel-group study in which eligible participants were rand-
omized to switching to mTHS, continuing menthol CCs (mCCs),
or abstaining from smoking as the gold-standard for reducing the
risk of smoking. The ambulatory period was included to exam-
ine the use and effects of mTHS under real-life conditions. This
study was part of a clinical assessment program which assesses
both the regular and the menthol variant of THS. The regular ver-
sion was assessed first in two short term reduced exposure stud-
ies in confinement similar to the first part of the study reported
here (NCT01959932 and NCT01970982). In addition, the assess-
ment of the regular variant in ambulatory conditions is part of
a 6-month Exposure Response study, currently underway in the
United States (NCT02396381).

The primary and secondary objectives were to compare the
changes in biomarkers of exposure to HPHCs. These results are
described in a related article (Part 1). As part of the development of
the THS and considering the FDA’s draft guidance, we also investi-
gated its impact on biologically and clinically relevant risk markers.
These results are presented in this article.

Methods

This study was performed in accordance with International
Conference on Harmonization, Good Clinical Practice, the
Declaration of Helsinki guidelines,'>'* national regulations, and
was approved by the local Institutional Review Board in July 2013
before starting the study. The study was conducted at the Tokyo
Heart Center Osaki Hospital and registered at ClinicalTrials.gov
(identifier NCT01970995).

Participants

Japanese male and female smokers aged 23-65 years with a body
mass index of 18.5-32 kg/m?* who reported having smoked 210 com-
mercially available mCCs per day for >4 weeks, and had smoked for
>3 years were eligible. Individuals with clinically relevant diseases
or a history of alcohol and/or drug abuse, and pregnant or breast-
feeding females or females unwilling to use acceptable methods of
effective contraception were excluded from the study. Additional
eligibility criteria are listed in Table 1.
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Table 1. Eligibility Criteria

Inclusion criteria

Provided signed informed consent and could understand the subject
information sheet

Age 23-65y

Body mass index 18.5-32 kg/m?

Japanese ethnicity

Healthy smoker, as judged by the principal investigator based on data
collected at the screening visit

Smoked 210 mCCs per day with a maximum ISO yield of 1 mg for the
previous 4 weeks (self-reported) and had smoked for >3 consecutive years

No plan to quit smoking in the next 3 months

Ready to stop smoking for up to 90 days

Ready to use the mTHS 2.2

Exclusion criteria

The principal investigator judged the participant to be unable to
participate for any reason (medical, psychiatric, and/or social reason)

Legally incompetent, physically or mentally incapable of giving consent

Medical condition requiring smoking cessation, or clinically relevant disease

Medical condition that required or would have required in the course
of the study a medical intervention (eg, start of treatment, surgery,
or hospitalization), which would have interfered with study
participation and/or study results

Use of nicotine-containing products (other than mCCs) or electronic
cigarettes/similar devices within 4 weeks prior to enrollment

Administration of drugs likely to affect CYP1A2 or CYP2AG6 activity
within 14 days or five half-lives of the drug (whichever was longer)
before Day -2

Administration of drugs within 14 days of Day -2 that the principal
investigator thought was likely to interfere with the study objectives
or the participant’s safety

Concomitant use of non-steroidal anti-inflammatory drugs (NSAIDs) or
acetylsalicylic acid

Positive alcohol test and/or history of alcohol abuse that could have
interfered with participation in the study

Positive urine drug test

Positive serology test for human immunodeficiency virus 1/2, hepatitis
B, or hepatitis C virus

Donation/receipt of whole blood/blood products within 3 months prior
to admission

Current or former employee of the tobacco industry, or of their first-
degree relatives (parent, sibling, or child)

Employee of the investigational site, or any other parties involved in the
study, or of their first-degree relatives (parent, sibling, or child)

Participation in a clinical study within 3 months before screening

Participation in the same study at a different time (ie, each subject could
be included in the study population only once)

Pregnant/breast feeding women

Women who were unwilling to use an acceptable method of
contraception

ISO = International Organization for Standardization; mCC = menthol
cigarettes; mTHS = menthol Tobacco Heating System 2.2.

Products

The mTHS (2.62 mg/stick menthol, 1.21 mg/stick nicotine and
3.94 mg/stick of glycerin used as aerosol former, obtained under
Health Canada Intense smoking regimen, maximum heating tem-
perature 350°C) was used in this study. Reference products were
mCCs of the participant’s preferred commercially available brand.

Study Design and Interventions
The study comprised a 4-week screening period (Days -30 to
-3), an 8-day confinement period (Days -2 to Day 6), an 85-day

ambulatory period (Days 6 to 91), and a 28-day safety follow-up
period (Figure 1). On Day -2, the participants were admitted to the
confinement unit to confirm eligibility, and were enrolled after try-
ing the mTHS and reporting their willingness to use it during the
study. Baseline assessments were made on Days -1 and 0 during
which the participants smoked their own brand of mCCs. On Day
1, the participants were randomized (in a 2:1:1 ratio) to switch to
mTHS (mTHS group), to continue smoking mCCs (mCC group), or
to smoking abstinence (SA), with the randomization stratified by sex
and daily average mCC consumption (10-19 vs. > 19 mCCs/day)
over the previous 4 weeks. Between Days 1 and 5, participants in the
mTHS and mCC groups exclusively used the allocated product ad
libitum during the designated smoking hours (06:30 AM to 11:00
PM) while participants in the SA group completely abstained from
smoking. Participants were discharged on Day 6 after clinical and
safety assessments. During the 85-day ambulatory period, the par-
ticipants returned to the study site and stayed overnight on the Day
30, 60, and 90 visits.

All participants purchased their own mCCs throughout the study
and were asked to bring sufficient mCCs to last during the confine-
ment period. The participants were not reimbursed for the costs of
their mCCs. The mTHS and mCCs were dispensed to the partici-
pants during the confinement period and the number of items dis-
pensed was logged. During the ambulatory period, participants were
provided with anticipated amounts of mTHS to cover the period
until the next study visit. Participants in the mTHS group were asked
to return any empty or partially used packs for study accountabil-
ity during the ambulatory period. Participants were encouraged to
adhere to their allocated product but dual use of mTHS and mCCs
was possible in the mTHS group during the ambulatory period.
Participants in the mCC and SA groups were prohibited from using
mTHS, the latter being provided psychological support, if requested.
For compliance assessment, daily tobacco product use was recorded
in a log (confinement period with strict product dispensation) and in
electronic diaries (ambulatory period), and exhaled CO was meas-
ured in SA group participants throughout the study. In the SA group,
full abstinence required no use of any tobacco product and CO levels
not exceeding 10 ppm, the use of nicotine replacement therapy being
allowed.

Endpoints and Study Measures
Table 2 lists the clinically relevant risk markers reported in this
article, as well as relevant demographic and exposure variables,
including the times at which each variable was recorded. The fol-
lowing clinically relevant risk markers were measured: Oxidative
stress—8-epi-PGF2a; platelet activity—11-DTX-B2; endothelial
function—soluble intracellular adhesion molecule-1 (sSICAM-1);
lipid metabolism—HDL cholesterol, low-density lipoprotein (LDL)
cholesterol, triglycerides, and total cholesterol; inflammation—total
WBC; cardiovascular risk/function—homocysteine, high-sensitivity
C-reactive protein (hs-CRP), fibrinogen, systolic blood pressure, and
diastolic blood pressure; and metabolic syndrome—blood glucose,
hemoglobin Alc (HbAlc), body weight, and waist circumference.
All clinical laboratory endpoints were measured at independent con-
tract laboratories, blinded to the randomized group allocation.
Lung function was assessed spirometrically as the forced expira-
tory volume in 1 second (FEV,). Spirometry with and without a
short-acting bronchodilator was performed at the screening visit at
least 1 hour after smoking to evaluate inclusion/exclusion criteria
(ie, post-bronchodilator function) with the testing done without a
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Figure 1. Study design. ®The screening visit was scheduled 1-4 weeks before enrollment, and included trial use of the mTHS. "The participants continued using
their preferred mCCs. °mTHS and mCC dispensed to the participant according to the product allocation; ad libitum use was allowed. “The participants used the
mTHS or mCC according to the product allocation for ad libitum use. Dual use of MTHS and mCC was possible in the mTHS group, but not in the mCC group.
¢The participants were asked to abstain from smoking and were provided with psychological support during the period of abstinence. The use of mTHS was
strictly forbidden for participants in the SA group for the whole study duration. mCC = menthol cigarettes; mTHS = menthol Tobacco Heating System 2.2.

bronchodilator first. Furthermore, spirometry without a broncho-
dilator was performed prior to product use on Day 0 (baseline),
and on Day 6, and at the Day 90 visit (Day 91) for comparison
with the baseline values. For spirometry testing the 2005 testing
and quality recommendations by the American Thoracic Society/
European Respiratory Society Joint Task Force on the standardiza-
tion of spirometry along with the electronic data submission and
documentation processes were followed. Spirometry predicted val-
ues were standardized to the NHANES IIT predicted set. All person-
nel performing spirometry testing were appropriately trained. The
FEV, and forced vital capacity (FVC) were recorded and the ratio of
FEV /FVC calculated.

Statistical Analysis
The sample size was calculated based on the expected mTHS:mCC
ratios of the concentrations of biomarkers of exposure, as observed
in previous studies of heated tobacco products (NCT01780714
[unpublished data] and NCT01780688). A sample size of 160 par-
ticipants randomized 2:1:1 to the mTHS, mCC, and SA groups,
respectively, was considered sufficient to attain 80% power to show
reductions of >50% in the biomarkers of exposure chosen as the
primary endpoints (Total 4-(methylnitrosamino)-1-(3-pyridyl)-1-
butanol [Total NNAL], COHb, monohydroxybutenyl mercapturic
acid [MHBMA], 3-hydroxypropylmercapturic acid [3-HPMA], and
S-phenylmercapturic acid [S-PMA]) in the mTHS group compared
with the mCC group, using a one-sided test with 2.5% alpha level.
The primary analysis was conducted in the per-protocol (PP) set,
which comprised all randomized subjects who were compliant to
their randomized group, had not been mis-randomized, and had no
major protocol deviations impacting evaluability. PP criterion in the
mTHS and SA groups was no use of more than two CCs during a
single day and no average daily use of more than 0.5 CCs. Missing
values for the biomarkers were imputed using last observation car-
ried forward. Non-normally distributed variables were natural log-
transformed before analysis, and the results were back-transformed
for presentation. Urine markers were analyzed adjusted for creatin-
ine. The risk markers measured at baseline were summarized and
Day 90 values were compared among the three groups by analysis
of covariance adjusting for the baseline value, sex, and daily average

mCC consumption at baseline. The least square (LS) mean differences
(mTHS - mCC) or ratios (mTHS:mCC), 95% confidence intervals as
well as, for descriptive purposes, p-values were calculated without

adjustment for multiple comparisons.

Results

Participants

A total of 670 individuals were screened at two study sites, of which
231 tried the mTHS and 216 were enrolled and randomized. Of
these, one subject was discontinued for meeting an exclusion cri-
terion and 55 were discontinued following the closure of one of the
two study sites due to non-compliance with sample collection and
data recording procedures. The study was conducted and completed
between August 2013 and July 2014 at the Tokyo Heart Center
Osaki Hospital, Tokyo, Japan.

The full analysis set comprised 160 participants, with 78, 42,
and 40 participants randomized to the mTHS, mCC, and SA groups,
respectively. Two, one, and two participants in the mTHS, mCC, and
SA groups, respectively, voluntarily discontinued.

The rates of compliance to the allocated interventions were high;
70 (89.7%), 41 (97.6%), and 37 (92.5%) of randomized partici-
pants in the mTHS, mCC, and SA groups, respectively, were included
in the PP set at Day 90. Dual use of mTHS and mCC during the
ambulatory period was very limited, and the daily use of mCC was
low (mean 0.1 mCCs/day) in the mTHS group during the ambula-
tory period.

As described in the co-publication (Part 1), exposure to HPHCs
was markedly lower in the mTHS group than in the mCC group.
Of note, the total 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol,
carboxyhemoglobin, monohydroxybutenyl —mercapturic acid,
3-hydroxypropylmercapturic acid, and S-phenylmercapturic acid
concentrations (primary endpoints) were 56%, 55%, 87%, 49%,
and 89% lower, respectively, in the mTHS group than in the mCC
group on Day 5. These reductions were maintained until the end of
the ambulatory period. The changes in these biomarkers of exposure
in the mTHS group were similar to those in the SA group.
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Table 2. List of Clinically Relevant Risk Markers Reported in the Present Manuscript and Timing of Measurement

Variable Matrix Screening

Con

finement period Ambulatory period

Day -30 to -3 -2

0

1 2 3 30 31 60 61 90

Safety-related variables

Vital signs

Body height and weight

Wiaist circumference

Hematology, clinical
chemistry, urinalysis

Blood/urine [ ]

Biomarkers of exposure
COHb
Urinary biomarkers of

Blood

Urine
exposure

Risk markers and other
clinical markers

hs-CRP, fibrinogen,
homocysteine, LDL
cholesterol, HDL
cholesterol

sICAM-1

HbAlc

8-epi-PGF, and
11-DTX-B2

Blood

Blood
Blood
Urine

COHD = carboxyhemoglobin; HbAlc = hemoglobin Alc; HDL = high-density lipoprotein; hs-CRP = high-sensitivity C-reactive protein; LDL = low-density lipo-
protein; SICAM-1 = soluble intercellular adhesion molecule-1; 8-epi-PGF2a = 8-epi-prostaglandin F2a; 11-DTX-B2 = 11-dehydro-thromboxane B2. The other
variables assessed in this study are listed in the accompanying publication. Only results at baseline (Day 0) and Day 90/91 are reported here.

Oxidative Stress

Table 3 shows the biomarker concentrations at baseline and on the
Day 90 visit. At baseline, the 8-epi-PGF2a concentrations were simi-
lar in all three groups. The 8-epi-PGF2a concentration at Day 90
was 12.7% lower in the mTHS group than in the mCC group. The
LS mean values were similar in the mTHS and SA groups.

Platelet Activity

The baseline 11-DTX-B2 concentrations differed slightly between
the three groups at baseline, with the lowest mean values initially
observed in the mCC group with slightly lower values than in the
mTHS and SA groups (Table 3). 11-DTX-B2 on Day 90 was 9.0%
lower in the mTHS group than in the mCC group, although the con-
centration remained higher in the mTHS group than in the SA group
(Table 3).

Endothelial Dysfunction

The sSICAM-1 concentration was slightly lower in the mCC group
than in the other groups at baseline (Table 3). On Day 90, the
SICAM-1 concentration was 8.7% lower in the mTHS group than
in the mCC group, and a similar reduction was observed in the SA

group.

Lipid Metabolism

Markers of lipid metabolism included HDL cholesterol, LDL cho-
lesterol, total cholesterol, and triglycerides. As shown in Table 4, the
baseline concentrations of these lipids were similar among the three
groups, except for triglycerides, which was lower in the SA group
than in the other groups. The LS mean HDL cholesterol concentra-
tion on Day 90 was 4.5 mg/dL higher in the mTHS group than in the
mCC group. The magnitude of the increase in the mTHS group was
slightly less than that in the SA group (LS mean difference mTHS

- SA: -1.8 mg/dL). The triglyceride concentration decreased between
baseline and Day 90 in the mTHS group but increased in the mCC
and SA groups, resulting in LS mean differences of -6.3 mg/dL
(mTHS-mCC) and -18.7 mg/dL (mTHS - SA). Total cholesterol
decreased similarly in the mTHS and mCC groups, but increased
in the SA group. There were no marked differences in LDL choles-
terol, total cholesterol, and triglycerides concentrations between the
mTHS and mCC groups (Table 4).

Inflammation

Although there was some variability at baseline, WBC decreased in
the mTHS group and increased in the mCC group, resulting in a LS
mean difference of -0.57 GI/L at Day 90 (Table 3). The reduction in
WBC was slightly smaller in the mTHS group than in the SA group.

Cardiovascular Risk and Function

Several markers of cardiovascular risk and function were examined,
including hs-CRP, fibrinogen, homocysteine, and blood pressure. As
shown in Table 3, the hs-CRP concentration on Day 90 was 6.4%
lower in the mTHS group than in the mCC group, but was 10.7%
higher in the mTHS group than in the SA group (mTHS:mCC and
mTHS:SA ratios). There were no apparent differences in fibrinogen,
homocysteine (Table 3), or blood pressure (Table 4) among the three

groups.

Metabolic Syndrome

The glucose concentrations increased similarly between baseline and
Day 90 in all three groups (Table 3), and there were no apparent
differences in HbA1c and waist circumference (Table 4) among the
three groups at baseline or at Day 90.
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Lung Function

At the Day 90 visit FEV, showed an increase of 1.91 (-0.14, 3.97)
%pred in the mTHS group compared to the mCC group, compara-
ble to the values observed in the SA group (Table 4).

Discussion

This randomized, three-arm parallel-group study showed that
switching from mCCs to mTHS was associated with improvements
in clinically relevant risk markers, especially HDL-cholesterol,
sSICAM-1, 8-epi-PGF2a, 11-DTX-B2 and FEV, as compared with
continuing mCCs in Japanese adult smokers. The improvements in
these markers approached those observed in the SA group which was
included in this study as a gold-standard to evaluate the risk reduc-
tion associated with smoking cessation, and to examine whether the
changes in the risk markers after switching to an MRTP mimic those
associated with eliminating all tobacco product-related exposure.
The changes in risk markers accompanied marked changes in bio-
markers of exposure, which were apparent within 5 days of product
use in confinement and were maintained for 85 days in ambulatory
settings, as described in the co-publication (Part 1). As the analysis of
clinical risk markers was descriptive, the findings require confirma-
tion from separate clinical research.

The FDA highlights the assessment of clinical risk markers'
while the Institute of Medicine report refers to intermediate clini-
cal effects.? The clinical risk endpoints were selected from multiple
clinical risk components across several biological processes, physi-
ological systems, and mechanisms associated with smoking-related
diseases, including inflammation, oxidative stress, platelet activation,
lipid metabolism and lung function. Their selection was based on (1)
epidemiological evidence suggesting a robust relationship between
the clinical risk endpoint and at least one known smoking-related
health outcome; (2) clinical evidence linking cigarette smoking to the
clinical risk endpoint (consistent with the epidemiological evidence);
and (3) clinical evidence linking smoking cessation to the reversibil-
ity of the endpoint. Many of the clinical risk markers evaluated in
this study are described in the 2010 Surgeon General Report.' (cf.
Supplementary Material for a detailed list of references).

Several studies, including those by Miura et al.'® and Sakaguchi
et al.,'” have evaluated the effects of MRTPs on biomarkers of expo-
sure, but they did not examine the effects on clinical risk markers.

The present results are broadly consistent with those reported
by Ogden et al., who compared tobacco-heating cigarettes, snus
and ultra-low machine yield tobacco-burning cigarettes.’®2* Ogden
et al. evaluated similar biomarkers of risk, and noted that switch-
ing to tobacco-heating cigarettes was associated with reductions
in platelets, SICAM-1, and WBC, while (x)5-iPF2a-VI (another
F2-isoprostane) decreased after switching to ultra-low machine yield
cigarettes.?’

In another study of relevance, Roethig et al. randomized
adult smokers to either an electrically heated cigarette smok-
ing system (EHCSS) or to continue CCs for 12 months.?' Similar
to our study, they reported that switching to the EHCSS was
associated with reductions in biomarkers of exposure, including
nicotine equivalents, plasma cotinine, total 4-(methylnitrosamino)-
1-(3-pyridyl)-1-butanol, total 1-hydroxypyrene, urine mutagenicity,
4-aminobiphenyl hemoglobin adducts, carboxyhemoglobin, and
3-hydroxypropylmercapturic acid, and these changes were accompa-
nied by improvements in total white blood cell count, hemoglobin,
hematocrit, 11-DTX-B2, and HDL-cholesterol.

A recent Japanese cross-sectional study showed that many clini-
cally relevant risk markers were markedly elevated in smokers as
compared to nonsmokers.® Accordingly, the changes in risk markers
observed in our study, and in the studies by Ogden et al.** and Roethig
et al.,?! suggest that reduced exposure to HPHCs after switching
to an MRTP translated into improvements in risk markers similar
to those associated with smoking cessation. The sensitivity of the
majority of the risk markers to smoking status is further elucidated
by reviewing the ratio and difference effects of nonsmokers versus
smokers, based on the Japanese cross-sectional study publication,®
in conjunction with the corresponding mTHS versus mCC results
of the present study. Across all risk markers investigated in both
studies, the results were fully consistent in direction and largely in
size, with no or small effects observed for homocysteine and LDL in
both studies. The cross-sectional study effects of fibrinogen, hs-CRP
and HDL were within the 95% confidence intervals of the present
study. After 90 days of switching from mCC to mTHS, 11-DTX-
B2 reached about one third and 8-epi-PGF2a, SICAM-1 and WBC
about half of the corresponding effect observed in the cross-sectional
comparison of nonsmokers and smokers.

Lung function is defined by ventilation capacity, airway resist-
ance and gas exchange capacity and influenced by lung elasticity and
lung surface tension. A main characteristic of chronic pulmonary
diseases such as COPD is the loss of lung elasticity, which develops
gradually as a consequence of increased inflammatory responses and
structural abnormalities such as increased thickness of the airway
walls.?>* Airway resistance and a reduction in lung elasticity even-
tually lead to expiratory airflow limitation, the hallmark and earliest
sign of COPD, resulting in delayed emptying and hyperinflation of
the lung characterized by an increased residual volume (RV),?%2¢ ulti-
mately resulting in a decrease in vital capacity and FEV .7

Several studies have shown that subclinical inflammatory
changes in small airways exist years before the advanced stages
of COPD.22-3t Although relatively few longitudinal studies have
assessed the effects of smoking cessation on inflammation in smok-
ers without chronic respiratory symptoms, these studies demon-
strated that the inflammatory response decreased rapidly within the
first few months after smoking cessation. Considering these earlier
findings, it seems likely that the favorable changes in lung function
as assessed by FEV, in the present study may be best explained by a
decrease in the inflammatory state of the lung when switching from
mCCs to mTHS, similar to the changes observed following smoking
cessation.

With respect to risk reduction, including the risk of cardiovas-
cular disease, the results of short-term studies, such as ours, cannot
demonstrate whether switching to a candidate MRTP translates into
disease risk reduction. However, it is important to measure surro-
gate markers which are fit for the purpose of MRTP risk assessment
in short-term studies in order to predict the risk reduction profile
and the potential effects of longer-term use®* compared to continued
cigarette smoking. They can subsequently be supported by larger
confirmatory studies. Such cumulative and consistent evidence, cov-
ering multiple clinically relevant endpoints and related biological
processes, physiological systems, and mechanisms, will provide a
strengthened empirical basis of a candidate MRTP evaluation.

Some limitations of the present study warrant mentioning,
including the potential for dual use (mTHS group) and restarting
cigarette smoking (SA group) in the ambulatory phase, which may
confound the results obtained in this period. However, the inclusion
of a confinement period in which mTHS and mCC were distributed
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strictly according to randomization ensured that the products were
used as allocated in this period. The same reduction in exposure
observed under these very controlled conditions was sustained in
an ambulatory, more real-life environment. Additionally, the product
use recorded in the participants’ diaries, changes in exposure mark-
ers, and changes in the subjective effects of smoking (as reported in
Part 1) indicate that dual use in the THS group was infrequent, and
that the participants in the SA group showed good compliance to
the intervention. Indeed, self-reported compliance with randomized
allocation was high on Day 90, with the abstinence rate in the SA
group > 90% and in the mTHS group 87.2% mostly mTHS users
(270% THS use), 2.6% dual users (30% < THS use < 70%), and
3.8% mostly mCC smokers (<30% THS use).

Another factor that warrants mentioning is that changes in
the number of menthol tobacco sticks used per day and in smok-
ing topography may influence some biomarkers of exposure, and
potentially may influence the effects of MRTPs on risk markers. As
described in Part 1, the participants in the mTHS group adapted
their puffing behaviors through more puffs and similar total puff
volumes relative to their mCC baseline puffing, resulting overall
in similar nicotine concentrations in both groups. Accordingly, the
changes in smoking topography or menthol sticks used are unlikely
to contribute to the differences in exposure to cigarette smoke/aero-
sol and hence to the observed differences in biomarkers of exposure
or clinical risk markers.

In one of the markers related to metabolic syndrome, waist cir-
cumference, an anomaly was observed at the level of summary sta-
tistics in that day 90 values were more than five centimeters short of
the baseline values in all three groups. As the other metabolic mark-
ers, including weight, were virtually unchanged and since no causa-
tive explanation appeared even remotely plausible, we concluded
that some change in measurement method had occurred between
the two assessments, even though its nature could not be identified.

Finally, this study was primarily designed to establish the reduc-
tion in exposure to HPHCs. However, surrogate markers of smok-
ing-related diseases were included in the analysis and the impact
of mTHS compared to mCC on these markers resulted in changes
which were consistent with those achieved by smoking cessation.

In spite of these restrictions, the weight of evidence in favor of the
mTHS being a reduced risk tobacco product is compelling, and the
available evidence can be gauged against the Hill criteria for prod-
uct risk assessment purposes.”* The observed effects of switching
from mCC to mTHS are generally consistent with the prior expecta-
tions and knowledge from smoking cessation in terms of the size
and favorable direction of the observed effects, consistent with find-
ings from previous clinical studies, specific and plausible with regard
to the a priori specified disease pathways. Moreover, the totality of
the effects of switching to mTHS approach those seen subsequent
to abstinence, thus supporting the notion of a biological gradient
(dose-response relationship). The accumulating evidence is coherent
across different types of studies, including human data, experimental
animal studies and in vitro models.

In summary, the findings support the presumption that the devel-
opment of mTHS as consumer-acceptable inhaled nicotine deliv-
ery system would be an important advancement in pursuing harm
reduction by converting adult smokers from mCC to mTHS. Analog
to epidemiological information on health outcome-effects at the
individual and population levels after smoking cessation, the exam-
ined clinical risk markers in this study are in line with clinical and
biological effects expected with quitting combustible cigarettes.

Conclusions

Switching to mTHS was associated with improvements in clinically
relevant risk markers linked to oxidative stress, endothelial dysfunc-
tion, lipid metabolism, inflammation, and lung function. The direc-
tions of these changes in the mTHS and SA groups were similar and
clearly distinct from those seen in the mCC group. Further longer
term studies are ongoing to confirm the present results, and to verify
the clinical relevance of the improvements in the surrogate markers
for modified risk tobacco products observed here.

Supplementary Material

Supplementary data are available at Nicotine & Tobacco Research
online.
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