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Abstract

Introduction:  Tobacco Heating System (THS) 2.2, a candidate modified-risk tobacco product, aims 
at offering an alternative to cigarettes for smokers while substantially reducing the exposure to 
harmful and potentially harmful constituents found in cigarette smoke.
Methods:  One hundred and sixty healthy adult US smokers participated in this randomized, three-
arm parallel group, controlled clinical study. Subjects were randomized in a 2:1:1 ratio to men-
thol Tobacco Heating System 2.2 (mTHS), menthol cigarette, or smoking abstinence for 5 days in 
confinement and 86 subsequent ambulatory days. Endpoints included biomarkers of exposure 
to harmful and potentially harmful constituents (reported in our co-publication, Part 1) and bio-
markers of potential harm (BOPH).
Results:  Compliance (protocol and allocated product exposure) was 51% and 18% in the mTHS and 
smoking abstinence arms, respectively, on day 90. Nonetheless, favorable changes in BOPHs of lipid 
metabolism (total cholesterol and high- and low-density cholesterol), endothelial dysfunction (sol-
uble intercellular adhesion molecule-1), oxidative stress (8-epi-prostaglandin F2α), and cardiovascular 
risk factors (eg, high-sensitivity C-reactive protein) were observed in the mTHS group. Favorable 
effects in other BOPHs, including ones related to platelet activation (11-dehydrothromboxane B2) 
and metabolic syndrome (glucose), were more pronounced in normal weight subjects.
Conclusions:  The results suggest that the reduced exposure demonstrated when switching to 
mTHS is associated with overall improvements in BOPHs, which are indicative of pathomechanistic 
pathways underlying the development of smoking-related diseases, with some stronger effects in 
normal weight subjects.
Implications:  Switching to mTHS was associated with favorable changes for some BOPHs indi-
cative of biological pathway alterations (eg, oxidative stress and endothelial dysfunction). The 
results suggest that switching to mTHS has the potential to reduce the adverse health effects 
of smoking and ultimately the risk of smoking-related diseases. Switching to mTHS for 90 days 
led to reductions in a number of biomarkers of exposure in smokers, relative to those who con-
tinued smoking cigarettes, which were close to those observed when stopping smoking (reported 
in our co-publication, Part 1). Initial findings suggest reduced levels of 8-epi-prostaglandin F2α 
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and intercellular adhesion molecule 1, when switching to mTHS for 90 days. These changes are 
comparable to what is observed upon smoking cessation. In normal weight subjects, additional 
favorable changes were seen in 11-dehydrothromboxane B2, fibrinogen, homocysteine, hs-CRP, 
percentage of predicted forced expiratory volume in 1 second, systolic blood pressure, diastolic 
blood pressure, glucose, high-density lipoprotein, apolipoprotein A1, and triglycerides.
Trial registration:  NCT01989156.

Introduction

Several harm reduction strategies have been proposed to address the 
health risks of smoking cigarettes. These include the development of 
novel nicotine or tobacco containing products with the potential to 
reduce the harm or risk of smoking-related diseases. Products such 
as heated tobacco products or electronic cigarettes aim at ultimately 
replacing cigarettes for smokers who would otherwise continue 
smoking.1–4 The US Food and Drug Administration refers to these 
products as modified-risk tobacco products (MRTPs). In 2012, the 
US Food and Drug Administration issued draft guidance for industry 
on “Modified Risk Tobacco Product Applications” suggesting that 
“the applicant has to demonstrate that the product, as it is actually 
used by consumers, will significantly reduce harm and the risk of 
tobacco-related disease to individual tobacco users.”5 The Tobacco 
Heating System (THS), developed by Philip Morris International, 
marketed as IQOS, is part of this new category of products with 
harm reduction potential.

Preclinical studies have confirmed that THS was associated with 
favorable changes in biomarkers of lipid metabolism, associated with 
cardiovascular diseases or respiratory diseases, both in vitro and in 
vivo.6–14 Clinical studies conducted thus far have mostly aimed at 
demonstrating reduced exposure upon ad libitum use over a short 
period of time (5–8 days) under strict control of product distribution 
in confinement.15–27

A study conducted in Japan for 5 days in a confined setting, fol-
lowed by an 85-day ambulatory period, showed that switching from 
menthol cigarettes (mCC) to the menthol Tobacco Heating System 
2.2 (mTHS) was associated with significant reductions in bio-
markers of exposure to harmful and potentially harmful constitu-
ents (HPHCs) as compared with subjects who continued smoking.28 
Switching to mTHS was also associated with favorable changes in 
biomarkers of potential harm (BOPH) in this manuscript. According 
to the Institute of Medicine, BOPH are defined as the “measurement 
of an effect due to exposure; these include early biological effects, 
alterations in morphology, structure, or function, and clinical symp-
toms consistent with harm.” 29 The BOPHs selected were indicative 
of oxidative stress, endothelial dysfunction, lipid metabolism, inflam-
mation, and lung function. The changes in the mTHS and smoking 
abstinence (SA) groups were directionally consistent, comparable in 
magnitude, and clearly distinct from those seen in the mCC group.30

The BOPHs were selected based on these criteria: (1) to repre-
sent several biological pathways and mechanisms associated with 
smoking-related diseases, (2) to be affected by smoking, and (3) 
ideally, for the smoking-induced effects to be reversible in the short- 
to mid-term (eg, within 1 week to 1 year) upon smoking cessation 
in healthy subjects.31–39 For some of the BOPHs, effects of smoking 
cessation were reported consistently across multiple studies. For 
many other BOPHs, the data are sparse, contradictory or inconclu-
sive. Several of the BOPHs included in this study were included as 
standard cardiovascular risk monitoring markers and were not ne-
cessarily expected to change over the duration of this study.

In assessing the risk profile of MRTPs compared to cigarettes, 
BOPH should cover multiple pathophysiological pathways, pro-
vide an early indication of later disease development, and display 
changes that follow the direction of what is observed when quitting 
smoking.40–43 In that perspective, it was important to explore early 
changes in BOPHs related to mTHS.

To obtain data on the US population, this study used a design 
similar to the study previously conducted in Japan. As the changes in 
biomarkers of exposure are reported in our co-publication (Part 1),44 
the focus of this publication is on BOPHs.

Methods

The study was conducted in accordance with the International 
Conference on Harmonisation/Good Clinical Practice guidelines and 
the Declaration of Helsinki45,46 in Dallas, Texas (United States), and 
Daytona Beach, Florida (United States), between December 2013 
and October 2014, after approval by the MidLands Independent 
Review Board in July 2013, and published on www.ClinicalTrials.
gov (NCT01989156). A comprehensive description of the methods 
is provided in the co-publication (Part 1).44

Design and Procedures
Subjects were randomized on day 0 in a 2:1:1 ratio to the mTHS, 
mCC, and SA groups for 5 days of randomized exposure in confine-
ment, followed by 86 days in the ambulatory period and a 28-day 
safety follow-up period. On day 1 and day 0, subjects smoked their 
own brand of mCC during the baseline assessments. During the 
confinement period, subjects in the mTHS and mCC groups used 
mTHS or their own brand of mCC, respectively, exclusively and ad 
libitum during the designated smoking hours (06:30 am to 11:00 
pm). Subjects in the SA group were asked to abstain completely from 
smoking. On day 6, subjects were discharged from the study site 
and instructed to continue using their assigned product or to abstain 
completely from smoking for 86 days. Subjects were required to re-
turn to the investigational site for three visits; each visit comprised 
two consecutive days and an overnight stay (day 30, day 60, and 
day 90).

During the confinement period, compliance to product allocation 
was ensured by strict distribution of the product (mTHS or mCC) 
when requested by the subject. In addition, for subjects in the SA 
group, compliance was verified chemically throughout the study 
using an exhaled carbon monoxide (CO) breath test. The cut-off 
point for the CO breath test value to distinguish smoking from ab-
stinence was 10 ppm.

Participants
Healthy male and female US mCC smokers above 22 years of age 
and with a body mass index (BMI) greater than 18.5 and less than or 
equal to 35 kg/m2 were eligible. Subjects with clinically relevant dis-
eases or with a history of alcohol or drug abuse, as well as pregnant 
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or breast-feeding women, were excluded from participating in the 
study. The full list of exclusion criteria is provided as supplementary 
material in the co-publication (Part 1).44

Products
The mTHS device used in this study has a maximum heating tem-
perature of 350°C. Tobacco HeatStick yields for menthol (2.62 mg/
stick), nicotine (1.21 mg/stick), and glycerine (3.94 mg/stick) were 
obtained under the Health Canada Intense smoking regimen.47 
Reference products were commercially available mCCs of the 
subject’s preferred brand, which subjects purchased themselves be-
cause these were not provided. As mTHS was not commercialized 
in the United States, tobacco HeatSticks and mTHS devices were 
provided to the subjects.

Measurements
The BOPHs summarized in Table 1 were selected to assess inflamma-
tion, lipid metabolism, lung function, metabolic syndrome, endothe-
lial dysfunction, oxidative stress, platelet activity, and cardiovascular 
risk factors. Creatinine was measured in 24-hour urine for adjust-
ment of the concentration of all urinary BOPHs. Twenty-four hour 
urine was collected at baseline of the confinement period and during 
the two consecutive days of the day 90 ambulatory visit as described 
in the co-publication (Part 1).44 Blood samples were collected in the 
evening of the baseline visit during the confinement period and late 
in the morning of the day 90 ambulatory visit.

Spirometry was performed on day 0 (baseline), day 6, and day 90, 
in accordance with guidelines published by the American Thoracic 
Society/European Respiratory Society,48 with predicted values stand-
ardized to the National Health and Nutrition Examination Survey III 
predicted set. All other BOPHs were assessed at baseline and on day 
91. A detailed schedule of assessments is provided in Supplementary 
Table 1.

Statistical Analyses
Blood pressure, total cholesterol, high-density lipoprotein (HDL), 
low-density lipoprotein, triglycerides (TG), apolipoprotein A1 (Apo 
A1), apolipoprotein B, hemoglobin A1C (HbA1C), white blood 
cells (WBC), percentage of predicted forced expiratory volume in 
1 second (FEV1 %pred), waist circumference, and weight were as-
sumed to be normally distributed and analyzed in the original scale. 
High-sensitivity C-reactive protein (hs-CRP), homocysteine, glucose, 
fibrinogen, soluble intercellular adhesion molecule 1 (s-ICAM-1), 
8-epi-prostaglandin F2α (8-epi-PGF2α), and 11-dehydrothromboxane 
B2 (11-DTX-B2) were assumed to be log-normally distributed and 
log-transformed prior to analysis. Day 90 BOPH values were com-
pared by analysis of covariance (adjusting for the baseline value, sex, 
and daily average mCC consumption at baseline) to estimate least 
square (LS) mean differences (mTHS–mCC) or geometric LS mean 
ratios (mTHS:mCC) and 95% confidence intervals for normally- or 
log-normally distributed endpoints, respectively.

The analyses were conducted on day 90 in the per-protocol (PP) 
population. Subjects in the PP population met all eligibility criteria; 
followed a correct randomization procedure; were correctly sam-
pled for the determination of the primary endpoints; and were com-
pliant to the randomized product allocation, as fully described in the 
co-publication (Part 1).44 Per-protocol compliance to the allocated 
group on day 90 was determined for the period between day 60 and 
90. Full compliance was defined as exclusive use of the allocated 

product for subjects randomized to mTHS and mCC groups; strict 
smoking abstinence in the SA group was based on self-reporting and 
a CO breath test result of less than 10 ppm.

Exploratory analyses were conducted for factors possibly asso-
ciated with the observed results. These factors included compliance, 
measurement variability, medical history, co-medication, and BMI. 
These analyses were conducted on the analysis population meeting 
the criteria of the PP population throughout the entire exposure 
period from baseline to day 90. There was no control of the overall 
Type I error. All analyses were conducted at the 5% alpha level.

Results

Participants
Of the 659 subjects screened, 495 were screening failures, and 164 
were enrolled after a product trial. The most frequent reasons for 
screen failure were the exclusion of smokers contemplating to quit 
smoking within the 6 months following screening (about 14% of 
the screened failures) and eligibility criteria related to the health of 
subjects.

The study included healthy adult smokers. The choice of healthy 
smoking subjects, as a population of investigation in the entire clin-
ical program of THS, was undertaken to understand reductions in 
exposure and related short-term changes in pathomechanistic path-
ways that mainly contribute to the onset of smoking-related diseases. 
In addition, the presence of co-morbidities together with the associ-
ated concomitant medications could have interfered with the assess-
ments of BOPHs.

The total randomized study population included 80 subjects in 
the mTHS group, 41 subjects in the mCC group, and 39 subjects in 
the SA group. The three study groups were comparable in terms of 

Table 1.  Biomarkers of Potential Harm

BOPH Domain Matrix

WBC count Inflammation Blood
HDL-cholesterol Lipid metabolism Serum
LDL-cholesterol Lipid metabolism Serum
TG Lipid metabolism Serum
TC Lipid metabolism Serum
Apo A1 Lipid metabolism Serum
Apo B Lipid metabolism Serum
s-ICAM-1 Endothelial dysfunction Serum
8-epi-PGF2α Oxidative stress Urine
11-DTX-B2 Platelet activation Urine
Glucose Metabolic syndrome Serum
HbA1C Metabolic syndrome Serum
Weight Metabolic syndrome —
Waist circumference Metabolic syndrome —
Fibrinogen Cardiovascular risk factor Plasma
Homocysteine Cardiovascular risk factor Serum
hs-CRP Cardiovascular risk factor Serum
Blood pressure Cardiovascular risk factor —
FEV1 Lung function —

8-epi-PGF2α  =  8-epi-prostaglandin F2α; 11-DTX-B2  =  11-dehydro-
thromboxane B2; Apo A1 = apolipoprotein A1; Apo B = apolipoprotein B; 
BOPH  =  biomarker of potential harm; FEV1  =  forced expiratory volume 
in 1 second; HbA1C  =  hemoglobin A1C; HDL  =  high-density lipoprotein; 
hs-CRP = high-sensitivity C-reactive protein; LDL = low-density lipoprotein; 
s-ICAM-1= soluble intercellular adhesion molecule-1; TC = total cholesterol; 
TG = triglycerides; WBC = white blood cells.

Nicotine & Tobacco Research, 2020, Vol. 22, No. 4 551

http://academic.oup.com/ntr/article-lookup/doi/10.1093/ntr/ntz084#supplementary-data
http://academic.oup.com/ntr/article-lookup/doi/10.1093/ntr/ntz084#supplementary-data


baseline characteristics, provided in Table 2, with 60%, 58.5%, and 
61.5% male subjects in the mTHS, mCC, and SA groups, respect-
ively, age distribution with mean ± SD being 39.2 (± 11.7), 33.7 (± 
10.2), and 38.8 (± 11.4), and race with frequency of white, black 
or African American, and other being 61.3%, 28.8% and 8.8% in 
the mTHS group, 68.3%, 26.8% and 4.9% in the mCC group, and 
56.4%, 43.6% and 0% in the SA group.

Compliance
All subjects used their allocated product exclusively during con-
finement. The compliant population was defined as a subset of the 
PP population. Subjects who were not compliant with protocol or 
with allocated product exposure were declared noncompliant, even 
if the noncompliance was as a result of a protocol deviation by the 
study site.

The mTHS group and mCC group comprised 80 and 41 
subjects, respectively. Five subjects in the mTHS group and six 
subjects in the mCC group were excluded from the PP population 
during the confinement period due to major deviations including 
misrandomization (randomization process was not correctly fol-
lowed; mistratification with regards to mCC consumption at 
screening led to a misrandomization). The PP population and com-
pliant population comprised 75 subjects in the mTHS group and 35 
subjects in the mCC group.

The SA group comprised 39 subjects, including four 
misrandomized subjects. Compliance with 100% SA was chemically 
verified with a CO breath test of less than or equal to 10 ppm (apart 
from on day 1). Of the 39 subjects in the SA group, six subjects 
had a CO breath test above 10 ppm and were excluded from the 
PP set population; all but one value above 10 ppm occurred on day 
6.  Despite investigations, no plausible reason could be elucidated 
for a CO breath test value above 10 ppm in the confinement setting 
where product distribution to subjects was strictly controlled.

Consequently, compliance to the PP requirements in confinement 
was 94%, 85%, and 62% in the mTHS, mCC, and SA groups, re-
spectively. This compliance to the protocol and adherence to the al-
located group dropped by day 90 in the mTHS (51%) and SA (18%) 
groups, whereas it remained stable in the mCC group (76%) rela-
tively to the other groups. Nicotine equivalent levels were very low 
in the SA group during the confinement period but increased during 
the ambulatory period (0.23  mg/g creat on day 5 and 0.82  mg/g 
creat on day 90 on average), indicating possible noncompliance with 
the group allocation, exposure to secondhand smoke, or use of nico-
tine replacement therapy products.

Biomarkers of Exposure
As described in the co-publication (Part 1),44 exposure to HPHCs was 
markedly lower in the mTHS group compared to the mCC group. 
Levels of carboxyhemoglobin, 3-hydroxypropylmercapturic acid, 
monohydroxybutenyl mercapturic acid, and S-phenylmercapturic 
acid were reduced by 62%, 54%, 87%, and 87%, respectively, in the 
mTHS group as compared with the mCC group on day 5. The re-
ductions were sustained over the ambulatory period and approached 
those observed in the SA group. Total 4-(methylnitrosamino)-1-(3-
pyridyl)-1-butanol level assessed on day 90 was reduced by 74%.

Biomarkers of Potential Harm
Favorable changes were observed in the mTHS group for s-ICAM-1, 
hs-CRP, and 8-epi-PGF2α, with levels similar to those observed in 
the SA group on day 90 and being 11% (p < .05), 16% (p > .05), 
and 13% (p < .05) lower, respectively, in the mTHS group than in 
the mCC group. Further favorable changes were observed on day 
90 in total cholesterol, low-density lipoprotein, HDL, Apo A1, 
and Apo B with mTHS–mCC LS mean differences of −4.0 mg/dL, 
−3.3  mg/dL, 1.4  mg/dL, 3.1  mg/dL, and −1.6  mg/dL, respectively 
(p > .05). No notable differences were observed on day 90 in the 

Table 2.   Baseline Demographic Characteristics by Randomization Group

Variables mTHS mCC SA Total

N 80 41 39 160
Age (y)
  Mean ± SD 39.2 ± 11.72 33.7 ± 10.17 38.8 ± 11.42 37.7 ± 11.45
  Range 22–66 23–60 22–58 22–66
Sex, n (%)
  Male 48 (60.0) 24 (58.5) 24 (61.5) 96 (60.0)
  Female 32 (40.0) 17 (41.5) 15 (38.5) 64 (40.0)
Race, n (%)
  White 49 (61.3) 28 (68.3) 22 (56.4) 99 (61.9)
  Black or African American 23 (28.8) 11 (26.8) 17 (43.6) 51 (31.9)
  Other 7 (8.8) 2 (4.9) 0 9 (5.6)
  Missing 1 (1.3) 0 0 1 (0.6)
BMI (kg/m2)
  Mean ± SD 27.0 ± 4.11 25.8 ± 3.67 26.2 ± 3.76 26.5 ± 3.93
  Range 19.1–34.9 18.6–32.9 19.4–34.3 18.6–34.9
FTND total score
  Mean ± SD 5.6 ± 2.25 5.5 ± 1.67 5.7 ± 2.14 5.6 ± 2.08
  Range 0–10 1–9 2–9 0–10
Daily mCC consumption, n (%)
  10–19 43 (53.8) 21 (51.2) 18 (46.2) 82 (51.3)
  >19 36 (45.0) 20 (48.8) 21 (53.8) 77 (48.1)
  Missing 1 (1.3) 0 0 1 (0.6)

BMI = body mass index; FTND = Fagerström Test for Nicotine Dependence (Revised Version); mCC = menthol cigarette; mTHS = Tobacco Heating System 2.2 
Menthol; SA = smoking abstinence.
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three study groups for TG, systolic and diastolic blood pressure, fi-
brinogen, homocysteine, HbA1C, body weight, waist circumference, 
glucose, WBC, FEV1 %pred, and 11-DTX-B2. Log-transformed, and 
original-scale BOPHs levels are presented in Table 3 and Table 4, 
respectively.

The lack of effects was incongruent with the reductions ob-
served in the biomarkers of exposure and with the results of a 
Japanese sample28,49; data were therefore explored for factors 
possibly associated with the observed results. These factors in-
cluded compliance, measurement variability, medical history, 
co-medication, and BMI.

Restricting the analysis to subjects belonging to the PP set 
throughout the study, did not result in substantial changes between 
the total sample and the fully compliant subsample. Day 90 differ-
ences of, at most, 2.6 percent of the mTHS:mCC LS mean ratios 
and of four percent points of the mCC group mTHS–mCC LS mean 
differences were observed between the total sample and the fully 
compliant subsample. The only exception was for TG, where the LS 
mean difference was 10 percent (Figure 1).

Coefficients of variation were calculated for baseline and day 90 
data to explore whether there was any variability in the measure-
ments. In the United States and the Japanese studies, values ranged 
from 0.04 to less than 0.75 at baseline and on day 90, respectively, 
for all BOPHs across the three study groups, except for hs-CRP, 
whose coefficients of variation ranged from 1.75 (mCC group, at 
baseline) to 2.28 (SA group, on day 90) in the US study, and from 
1.06 (mCC group at baseline) to 2.10 (SA group, at baseline) in the 
Japanese study.

With respect to medical histories and co-medications, no marked 
effect could be identified between the Japanese and the US subjects.

The BMI was higher at baseline by 4 kg/m2 in the US subjects, 
as compared with the Japanese subjects, due to weight differences 
(77.4 and 62.2 kg on average, respectively); 40% and 21% of the 
US and Japanese subjects were overweight (25 kg/m2 ≤ BMI < 30 kg/
m2); 23% and 1% were obese (30 kg/m2 ≤ BMI < 35 kg/m2), respect-
ively. Weight-stratified subsamples were explored without a context 
of statistical testing.

On day 90, mTHS:mCC ratios for 11-DTX-B2, fibrinogen, and 
glucose, at 96.4%, 98.4%, and 101.8%, respectively, in the total US 
sample, were lower, 88.5%, 92.9%, and 98.3%, respectively, in the 
normal weight subsample. Also, the day 90 mTHS:mCC ratios for 
hs-CRP and homocysteine of 83.8% and 101.8%, respectively, in the 
total US sample were lower, at. 64.2% and 98.4%, respectively, in 
the normal weight subsample (Figure 1). Lower mTHS:mCC ratios 
suggest a more pronounced favorable effect in the normal weight 
subsample relative to the overweight subsample. For s-ICAM-1, this 
was not observed.

Favorable increases in HDL and Apo A1 levels were also more 
pronounced in normal weight subjects, with mTHS–mCC LS mean 
differences of 1.4 mg/dL and 3.1 mg/dL, respectively, in the total 
US sample, compared with 7.3  mg/dL and 13.8  mg/dL, respect-
ively, in the normal weight subsample. Similarly, the mTHS–mCC 
LS mean differences observed in TG levels, systolic blood pres-
sure, diastolic blood pressure, and FEV1 %pred of 0.9  mg/dL,  
−0.7 mm Hg, 0.2 mm Hg, and 0.53 %pred respectively, in the total 
sample were reduced to −7.6 mg/dL, −3.2 mm Hg, −0.8 mm Hg, and 
3.4 %pred respectively, in the normal weight subjects. (Figure 1). 
No differences were identified for HbA1C or WBC.

In contrast, the decrease in 8-epi-PGF2α observed for mTHS 
relative to mCC was more pronounced on day 90 in overweight 

(including obese) subjects, with mTHS:mCC ratios of 86.5% in the 
total US sample and 81.4% in the overweight subsample.

Discussion

mTHS was developed to reduce or minimize the formation of 
HPHCs by heating tobacco, rather than burning it, while preserving 
as much as possible the sensory experience (including taste), nicotine 
delivery profile, and ritual associated with mCC consumption. The 
present study was designed to demonstrate exposure reduction to 
selected HPHCs in smokers switching to mTHS and to provide ini-
tial insights into the effects on BOPHs indicative of the pathogenesis 
of smoking-related diseases. The reduction in exposure and changes 
observed in BOPHs were also benchmarked against SA, considered 
the gold standard against which to assess a candidate MRTP.

The BOPHs measured in this study covered several patho-
physiological mechanisms that are involved in the development of 
smoking-related diseases. Because some of these BOPH have been 
reported to change positively31–35,40–43 in the short- to mid-term (eg, 
within 1 week to 1 year) upon smoking cessation, the exploration of 
their overall profile of changes, 3 months after switching to mTHS, 
provides valuable insights into the overall potential of mTHS to re-
duce the harm and risk of developing smoking-related diseases.

Three months after switching to mTHS, the levels of s-ICAM-1 
(endothelial dysfunction), and 8-epi-PGF2α (oxidative stress), were 
lower relative to mCC, as reported in short-term quitting studies 
with p < .05.32,50 For 8-epi-PGF2α it should be noted that an increase 
from baseline was observed, with a more pronounced increase in the 
mCC arm. The increase in all arms, including SA, could not be eluci-
dated, as it may be related to confounding factors that have not been 
identified, such as exposure to passive smoking.

In addition, for low-density lipoprotein, HDL, Apo A1, Apo 
B, and total cholesterol, the mean differences suggested that these 
BOPHs followed a pattern of change in line with those reported in 
the literature following smoking cessation but with p > .05.31,38,51,52 
In contrast, generally no differences in lung function (FEV1 %pred) 
were observed across the three study groups, owing to changes in lung 
function requiring longer investigational periods of 6–12 months in 
order to be observed.53

Most of the trajectories for BOPHs identified in this study, fol-
lowing switching from mCC to mTHS, were also observed in the 
Japanese population following 3  months of mTHS use49 with the 
exceptions of WBC and FEV1 %pred, for which no differences 
were found in this study. Nevertheless, our overall results are in 
line with the direction of changes reported following switching to 
a THS prototype for one year16 and following smoking cessation 
as reported in the literature. The lower levels of 8-epi-PGF2α and 
s-ICAM-1 as observed in our study, relative to mCC, for example, 
are consistently reported in the literature after 3 months of cessa-
tion.32,54,55 For hs-CRP, an acute marker of chronic inflammation, 
it is generally reported that it does not fall immediately following 
smoking cessation but rather takes many years to normalize.56

We acknowledge that no clinical study is representative of the 
population, which is why we also conducted actual use studies in 
a US smoking population.57 In the present study, a quota was used 
to enforce a minimum representation from each sex and of daily 
smoking consumption, which was based on balance and not repre-
sentativeness, so that a stratified analysis of the primary endpoints 
could also be performed. Although consumer surveys show slightly 
more females than males using mCC, our study was the opposite. 
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Concerning race, based on our own estimate, the proportion of black 
subjects in our study was comparable to the US smoking population.

It is important to point out that due to the descriptive nature of 
our analyses and the short duration of the exposure period, the bio-
logical relevance of our results needs to be interpreted with caution, 
and requires further confirmation and replication by independent 
researchers. A  longer and larger study, which further substantiates 
these findings, has been conducted in the United States and the results 
will be available on ClinicalTrials.gov (ClinicalTrials.gov identifier: 
NCT02396381).

The trajectories of change of some BOPHs, which follow the dir-
ection of changes reported in the literature for smoking cessation, 

suggest that reductions in exposure to HPHCs in complete switchers 
to mTHS could translate into a positive influence upon some human 
biological processes involved in disease development.

In the context of a global assessment program to scientifically 
substantiate the lower risk to health of THS, compared to CC, 
these results are encouraging. Our a priori premise is that the ab-
sence of tobacco combustion results in lower exposure to HPHCs, 
which would ultimately be associated with reduced risk of harm and 
disease.

Our published data, together with independent studies, report 
that THS yields significantly reduced levels of HPHCs compared to 
CC,58–62 exhibits lower toxicity and biological damage to multiple 
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Figure 1.  Biomarkers of Potential Harm % mTHS:mCC Ratios (Upper Panel) and mTHS–mCC Differences (Lower Panel) with 95% Confidence Intervals on Day 90, 
for Overweight (Dashed Lines) and Normal Weight (Solid Lines) Subjects (*p < 0.05).
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system organ classes as tested in multiple in vitro assays and animal 
studies,6–14,63 and leads to reduced exposure to HPHCs in adult 
smokers who switch from CC to THS.65

We further explored the influence of body weight on a number 
of BOPHs, such as HDL, s-ICAM-1, Apo A1, apolipoprotein B, TG, 
11-DTX-B2, WBC, glucose, HbA1C, 8-epi-PGF2α, homocysteine, 
systolic and diastolic blood pressure,61 and fibrinogen. When re-
stricting the analyses to normal weight subjects, favorable changes 
in the mean levels of 11-DTX-B2, fibrinogen, homocysteine, systolic 
and diastolic blood pressure, glucose levels, TG, and hs-CRP were 
noted. In addition, mean HDL level increases were more pronounced 
in the normal weight subsample of the study population.

The observation that BOPH levels can be associated with body 
mass is concordant with the results described in 2011 by Frost-
Pineda et al.65 In their US “total exposure study,” BMI was, more 
so than smoking, associated with differences observed in levels of 
BOPH between smokers and non-smokers. Specifically, this was the 
case for fibrinogen, hs-CRP, systolic and diastolic blood pressure, glu-
cose, TG, 8-epi-PGF2α, and HDL. Increases in BMI were associated 
with systolic blood pressure and fasting glucose, in epidemiological 
studies, and inversely associated linearly with reduced levels of HDL 
and Apo A1.66,67 Similarly, obesity was associated with low plasma 
HDL levels, abnormal metabolism of HDL particles, and high blood 
pressure.68 Thus, it is possible that favorable changes in BOPHs were 
not observed in overweight subjects after switching to mTHS as a 
consequence of obesity-related fat accumulation and lifestyle factors 
altering HDL and Apo A1 levels. This is supported by the baseline 
levels observed in the present study, which were, for HDL and Apo 
A1, lower in overweight (49.2 and 141.1 mg/dL) subjects than in 
normal weight (55.0 and 146.3 mg/dL) subjects. From the present 
findings, however, it cannot be concluded whether the biological 
consequences of being overweight could affect the BOPHs measured 
in this study, or whether the influence of being overweight on BOPH 
measurements is simply masking the effects of exposure reduction 
upon switching to mTHS or abstinence.

The findings are consistent with the evidence that obesity in-
creases the risk of chronic metabolic disorders and is associated 
with chronic inflammation, which is known to increase the risks 
of cardiovascular disease, diabetes, chronic obstructive pulmonary 
diseases, and many cancers.67,69,70 As the body mass-related findings 
resulted from an exploratory analysis, out-of-sample replication is 
required.

Conclusions

These results are promising and need further confirmation by in-
dependent researchers in a broader and representative population 
of US smokers. The data suggest that the reduced exposure demon-
strated when switching completely to mTHS may be associated with 
positive effects on endothelial dysfunction and oxidative stress as 
reflected by significantly lower levels of sICAM-1 and 8-epi-PGF2α, 
compared to continued smoking, after 3 months. These findings cor-
roborate those observed in a similar study conducted in Japan28,49 
(ClinicalTrials.gov identifier: NCT01970995) and are in line with 
the overall scientific evidence generated so far to assess the reduced 
risk to health of THS.
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