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Abstract
Background: Tobacco harm reduction, substituting less harmful tobacco products for combustible cigarettes, is a complementary
approach for smokers who would otherwise continue to smoke. The Philip Morris International (PMI) Tobacco Heating System
(THS) 2.2 is a novel tobacco product with the potential to reduce the risk of harm in smokers compared to continued smoking of
combustible cigarettes. It heats tobacco electrically in a controlled manner, never allowing the temperature to exceed 350°C,
thereby preventing the combustion process from taking place and producing substantially lower levels of toxicants while providing
nicotine, taste, ritual, and a sensory experience that closely parallels combustible cigarettes. Previous clinical studies have
demonstrated reduced exposure to the toxicants (approaching the levels observed after quitting) for smokers who switched to
THS 2.2, for three months. For adult smokers who would otherwise continue smoking combustible cigarettes, switching to THS
2.2 may represent an alternative way to reduce the risk of tobacco-related diseases.
Objective: This study aimed to further substantiate the harm reduction potential of THS 2.2 by demonstrating favorable changes
in a set of 8 coprimary endpoints, representative of pathomechanistic pathways (ie, inflammation, oxidative stress, lipid metabolism,
respiratory function, and genotoxicity), linked to smoking-related diseases, in smokers switching from combustible cigarettes to
THS 2.2.
Methods: This study was a randomized, controlled, two-arm parallel group, multicenter ambulatory US study conducted in
healthy adult smokers switching from combustible cigarettes to THS 2.2 compared with smokers continuing to smoke combustible
cigarettes for six months. Subjects had a smoking history of at least ten years and did not intend to quit within the next six months.
Results: Enrollment started in March 2015 and the trial was completed in September 2016. In total, 984 subjects were randomized
(combustible cigarettes, n=483; THS 2.2, n=477), and 803 completed the study. The results are expected to be available in a
subsequent publication in 2019.
Conclusions: In this paper, we describe the rationale and design for this clinical study that focused on the evaluation of THS
2.2’s potential to reduce the risk of smoking-related diseases compared with that of combustible cigarettes. This study will provide
insights regarding favorable changes in biological and functional endpoints informed by effects known to be seen upon smoking
cessation.
Trial Registration: ClinicalTrials.gov NCT02396381; http://clinicaltrials.gov/ct2/show/NCT02396381 (Archived by WebCite
at http://www.webcitation.org/71PCRdagP)
Registered Report Identifier: RR1-10.2196/11294
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Introduction
Cigarette smoking is the leading cause of preventable disease
in the US, accounting for more than 480,000 smoking-related
deaths every year. More than 16 million Americans live with a
smoking-related disease [1]. Although the smoking prevalence
in the US has declined from 21% to 17% over the last decade,
an estimated 40 million people currently smoke cigarettes in
the US [2], and one billion people worldwide continue to smoke
[3]. Smoking is addictive, and smoking cessation is difficult for
many smokers, even though it is the best way to reduce the risk
of developing smoking-related diseases.
In addition to the prevention of smoking initiation and the
promotion of smoking cessation, tobacco harm reduction is
being recognized as a valuable and promising approach to
further accelerate the decline in smoking prevalence and
smoking-related population harm [4]. Tobacco harm reduction
is based on switching smokers to markedly less harmful
alternative products, referred to by the Food and Drug
Administration as modified risk tobacco products (MRTP). The
US Family Smoking Prevention and Tobacco Control Act
defines an MRTP as “any tobacco product that is sold or
distributed for use to reduce harm or the risk of tobacco-related
disease associated with commercially marketed tobacco
products” [5].
Importantly, to improve health at the population level, these
substitutes for cigarettes must be acceptable for smokers,
providing adequate nicotine delivery and satisfaction to prevent
relapse to cigarette smoking. In this context, Philip Morris
International (PMI) has developed Tobacco Heating System
(THS) 2.2, as a candidate MRTP that has been designed to
provide nicotine to smokers, who otherwise would have
continued to smoke, offering sensory and ritual aspects like
cigarettes while reducing the exposure to harmful and potentially
harmful constituents (HPHC) found in cigarette smoke [6-8].
Additional studies have been conducted on alternatives to
cigarettes. A carbon heated tobacco product developed by PMI
has demonstrated markedly reduced biomarkers of exposure to
HPHCs (NCT02503254) [9]. British American Tobacco has
developed a product that heats rather than burns tobacco,
significantly reducing exposure to smoke toxicants to levels
comparable to quitting tobacco [10]. Japan Tobacco has also
introduced a smokeless tobacco product with data reflecting
substantially lower exposure to smoke toxicants [11]. Electronic
cigarettes have also demonstrated reduced exposure to smoke
toxicants compared to cigarettes [12].
THS 2.2 uses a precisely controlled heating device into which
a specially designed tobacco product, the Tobacco Stick, is
inserted and heated to generate an aerosol. The THS 2.2 heater
starts heating the Tobacco Stick in a controlled and gradual
manner, with the temperature set between 320°C and 350°C.
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Heating the Tobacco Stick in a controlled manner and not
allowing the temperature to exceed 350°C prevents the
combustion process from taking place. The elimination of
combustion results in a significant reduction in the production
and exposure to HPHCs [13] while the nicotine is delivered to
the THS 2.2 user in a way that is like cigarettes. The holder
must be recharged after each use, and the charger must be
recharged after approximately 20 uses.
PMI has designed a multilayered scientific program to assess
whether THS 2.2 can significantly reduce the risk of harm and
smoking-related diseases in adult smokers who otherwise would
have continued to smoke cigarettes. Preclinical and clinical
studies have been conducted on THS 2.2 and its predecessors.
Aerosol from THS 2.2 contains, on average, approximately 90%
less HPHCs found in smoke from a standard reference cigarette,
which translates to a reduced toxicity of approximately 90%
[13]. Chronic exposure to THS 2.2 aerosols in animal models,
even at high concentrations, resulted in lower systemic toxicity,
with reduced lung inflammation and histopathological changes
in the nasal epithelium and lung tissue [14]. Furthermore, in the
ApoE−/− mouse model, which is commonly used to study
atherosclerosis and emphysema, exposure to THS 2.2 aerosol
did not induce a change in the lipid profile or enlargements of
aortic plaque area, nor lung inflammation or emphysema, unlike
cigarette smoke. Additionally, switching from cigarette smoke
to THS 2.2 aerosol exposure reversed inflammation, and halted
aortic plaque growth and the progression of emphysema in a
manner that mimics smoking cessation [15].
In humans, previous clinical studies showed a similar nicotine
absorption profile in smokers using a single Tobacco Stick or
smoking a cigarette [16] and demonstrated reductions in the
levels of 15 biomarkers of exposure to HPHCs in healthy adult
smokers who switched exclusively to THS 2.2 for five days in
confinement or for three months in ambulatory setting relative
to cigarettes. The magnitude of reductions was comparable to
what was observed in adult smokers who abstained from
smoking [16-18].
In summary, the available clinical evidence demonstrates that
humans who switch from cigarettes to THS 2.2, are exposed to
significantly lower levels of selected HPHCs. This observed
reduction is of a similar magnitude as that observed in smokers
who abstain from smoking, which has been referred to as the
“gold standard” for the assessment of candidate MRTPs [19,20].
Considering the preclinical and clinical data on exposure
reduction, it is reasonable to assume that the reduction in
exposure to toxicants leads to favorable changes in biological
and functional endpoints involved in smoking-related disease
development and progression.
Smoking-related diseases have a complex etiology and involve
several mechanisms that affect multiple organ systems [20].
Chronic exposure causes alterations at the cellular and tissue
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level that result in physiological changes and disrupt multiple
biological processes, contributing to disease manifestation.
Oxidative stress and inflammation play a critical role in the
development and progression of the major smoking-related
diseases: cardiovascular disease, chronic obstructive pulmonary
disease, and cancer. There is no single clinical risk endpoint
(CRE) or biomarker that is an adequate surrogate measure for
the multiple adverse health effects associated with smoking,
and that can fully demonstrate a reduction in risk.

of cigarettes ad libitum. Randomization was performed using
an interactive voice and web response system using gender and
study site as stratification criteria. Use of tobacco or nicotine
products other than the allocated product during the randomized
exposure period did not lead to the removal of the participant
from the study. For participants randomized to the CC arm, the
use of THS 2.2 was not allowed. Therefore, the THS 2.2 device
and remaining Tobacco Sticks were collected from subjects
randomized to the CC arm after the run-in period.

Because smoking-related diseases often take decades to
manifest, conducting long-term epidemiological studies would
require decades to demonstrate the reduced risk of THS 2.2.

Subjects returned to the clinic each month for safety checks and
resupply of THS 2.2 Tobacco Sticks when needed. Major study
visits occurred every three months (V7, V10) for lung function
assessment and collection of blood and 24-hour urine for
biomarker analysis. After V10 (six months postrandomization),
subjects who completed the study were invited to participate in
an extension study for an additional six months (NCT02649556).
Subjects participating in the extension study continued to use
the same product to which they had been assigned and continued
to visit the same clinical sites monthly. The purpose of the
extension study was to follow the study participants for a more
extended period and to further describe changes in CREs, lung
function, as well as biomarkers of exposure. For that purpose,
blood and 24-hour urine samples were collected, and lung
function was assessed at V16 (month 12).

Thus, the demonstration of favorable changes in a set of CREs
that are representative of multiple biological processes,
physiological systems, and mechanistic pathways in smokers
who switch to THS 2.2 is a reasonable approach to provide
scientific evidence in a pre-market setting that THS 2.2 can
reduce the risk of harm and smoking-related diseases.
This study will assess the risk profile of THS 2.2 in a pre-market
setting and support risk assessment of this novel tobacco product
together with all available evidence as one set of logical,
empirically coherent, and consistent data.

Methods
Study Design
This study was a randomized, controlled, two-arm parallel
group, multicenter study comparing multiple CREs in smokers
switching from cigarettes to THS 2.2 and smokers continuing
to smoke cigarettes for six months (NCT02396381). This
open-label study was conducted at 20 clinical research centers
in the US. The study design is illustrated in Figure 1. The first
subject was screened on March 12, 2015, and the last subject
completed the study on September 13, 2016.
After visit 1 (V1), the screening visit, during which eligibility
criteria were checked, participants received study supplies, such
as a container for urine collection and an electronic diary.
Participants were trained by the site staff on how to collect
24-hour urine and how to fill the diary daily. Urine collection
started in the morning of the day preceding a study visit and
ended 24 hours later on the morning of a visit. Starting from
V2, subjects recorded all nicotine and tobacco-containing
products used in their daily diary. At V3, after a recheck of
selected eligibility criteria, participants were enrolled in the
study, and baseline assessments were performed, including
blood and 24-hour urine sample collection for biomarker
analysis. After enrollment, at the end of V3, THS 2.2 units were
distributed to all participants to be used during an eight-day
run-in period to get familiar with the use of THS 2.2. The use
of other tobacco and nicotine products was also permitted.
At the end of the run-in period (V4), all enrolled participants
willing to use THS 2.2 for the next six months were randomized
in a 1:1 ratio to either the THS 2.2 or the combustible cigarette
(CC) arms. The sponsor provided THS 2.2, and participants
were instructed to use it ad libitum. Participants randomized to
the CC arm were asked to purchase and smoke their own brand
http://www.researchprotocols.org/2018/8/e11294/
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Subjects choosing not to enroll in the extension study entered
into a 28-day safety follow-up period. Adverse events were
recorded from the signature of informed consent onwards until
the end of the safety follow-up period.

Objectives and Endpoints of the Study
The smokers’ health profile (Table 1) is a collection of 8
co-primary CREs that together cover various mechanistic and
pathological pathways (ie, inflammation, oxidative stress, lipid
metabolism, changes in respiratory function, and genotoxicity),
that are known to contribute to smoking-related diseases, such
as cardiovascular and respiratory disease as well as cancer [20].
These CREs, selected for the smokers’ health profile, are also
known to be reversible upon smoking cessation within a few
days to one year. The individual CREs were chosen for (1) their
link to smoking-related diseases, (2) evidence that the smoking
status influences the CREs, and (3) their favorable change upon
smoking cessation within a timeframe feasible for the study
duration (Table 1). Many of these CREs are mentioned in the
2010 Surgeon General's Report entitled How Tobacco Smoke
Causes Disease: The Biology and Behavioral Basis for
Smoking-Attributable Disease [20].
Biomarkers of exposure to carbon monoxide (CO) and
4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone
(nicotine-derived nitrosamine ketone; NNK) were included in
the list of CREs, as they contribute to exacerbate acute ischemic
effects (ie, CO), and are known tobacco-specific carcinogenic
compounds (ie, NNK).
The primary objective of the study was to indicate favorable
changes in the 8 CREs in the smokers’ health profile. The
evaluation criteria for the study was that at least five out of the
eight CREs would show statistically significant favorable
changes.
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The secondary objectives and their related CREs included
additional biological and functional CREs supportive of the

smokers’ health profile, biomarkers of exposure to HPHCs,
assessments of subjective effects, and safety CREs (Table 2).

Figure 1. Design of the study. Eligible subjects were provided with the Tobacco Heating System 2.2 (THS 2.2) at visit 3 (V3) and were allowed to use
the product freely during the 6- to 10-day run-in period until V4. Those willing to use THS 2.2 exclusively during the study were randomized to the
THS 2.2 or cigarette arms.

Table 1. Components of the smokers’ health profile.
Component

Related physiological process

Sample

Expected change in
THS 2.2 arm

Expected timeframe of
reversibility

a

High-density lipoprotein cholesterol

Lipid metabolism

Serum

Increase

3 months [21]

White blood cell count

Inflammation

Blood

Decrease

6-12 months [21]

Soluble intercellular adhesion molecule-1

Endothelial dysfunction

Serum

Decrease

4 weeks [22,23]

11-dehydrothromboxane B2

Platelet activation

Urine

Decrease

2-4 weeks [24,25]

8-epi-prostaglandin F2alpha

Oxidative stress

Urine

Decrease

1-2 weeks [26,27]

Carboxyhemoglobin

Transport of oxygen by hemoglobin

Blood

Decrease

1-7 days [28]

Forced expiratory volume in one second

Lung function

None

Increase

6-12 months [29-31]

Decrease

3 months [32]

Total 4-(methylnitrosamino)-1-(3-pyridyl)- Exposure to carcinogenic potentially Urine
1-butanol
harmful constituents
a

THS 2.2: Tobacco Heating System 2.2.

The selection criteria for the biomarkers of exposure included:
(1) detectability, reproducibility, and precision of the analytical
methods, (2) specificity for the toxic exposure or reliable
surrogate of exposure to HPHCs, (3) presence in the gas or
particulate phases, (4) formation at different temperatures, and
(5) relation to different chemical and organ toxicity classes.
Additionally, the relationship between levels of urinary
biomarkers of exposure and nicotine equivalents were assessed
at six months, to evaluate the effect of combined product use
(cigarettes and THS 2.2 Tobacco Sticks) on the smokers’ health
profile, the intention to use THS 2.2, and the change in tobacco
dependence in smokers switching from cigarettes to THS 2.2.

Study Measurements
The details of the assessments performed during the study are
provided in the schedule of events (Multimedia Appendix 1)
[33]. Subjects’ reported smoking intensity (cigarettes per day
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during the previous year) and duration, as well as subjects’
lifestyle characteristics (diet, alcohol intake, exercise, sleep
deficit, living in a household with other smokers), were collected
using questionnaires at baseline. Standard spirometry was
conducted pre- and postbronchodilator (salbutamol), and lung
volumes were assessed using the Helium Dilution Technique.
Both CREs were assessed following the respective guidelines
of the European Respiratory Society [34,35]. Full lung function
assessment was read centrally. Blood collection and urine
sampling from the 24-hour urine were conducted for CREs and
biomarkers of exposure analyses at baseline (V3), at month 3
(V7), and at month 6 (V10). One central laboratory was
responsible for storage and shipment of urine and blood samples,
and multiple laboratories performed the analyses using validated
methods to assess all laboratory safety parameters, biomarkers
of exposure, and CREs (Multimedia Appendix 2) [36].
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Table 2. Secondary objectives and endpoints of the study.
Objective

Endpoint

To evaluate self-reported product use over the
duration of the study

•

To determine short-term changes of the smokers’ •
health profile at month 3

All components of the smokers’ health profile

To indicate the reduction of exposure to HPHCb •
•
at month 3 and month 6
•
•
•
•
•
•

Biomarkers of exposure to carbon monoxide (CO): CO in exhaled breath
Biomarker of exposure to 1,3-butadiene: monohydroxybutenylmercapturic acid in urine
Biomarker of exposure to acrolein: 3-hydroxypropylmercapturic acid in urine
Biomarker of exposure to N-nitrosonornicotine: total N-nitrosonornicotine in urine
Biomarker of exposure to acrylonitrile: 2-cyanoethylmercapturic acid in urine
Biomarker of exposure to benzo[a]pyrene: 3-hydroxybenzo[a]pyrene in urine
Biomarker of exposure to crotonaldehyde: 3-hydroxy-1-methylpropylmercapturic acid in urine
Biomarker of exposure to pyrene: total 1-hydroxypyrene in urine

•

Nicotine equivalent: molar sum of free nicotine, nicotine-glucuronide, free cotinine, cotinineglucuronide, free trans-3′-hydroxycotinine, trans-3′-hydroxycotinine-glucuronide in urine
Nicotine and cotinine in plasma

To describe the levels of nicotine exposure at
month 3 and month 6

•
To describe the changes of clinical risk endpoints •
associated with respiratory diseases, cardiovas•
cular diseases, and xenobiotics
•
•
•
•
•
•
•
•
•
To describe the changes in subjective effects of •
smoking at month 3 and month 6
To evaluate the safety profiles associated with
THS 2.2 and cigarettes over the course of the
study

a

Number of cigarettes or THS 2.2a Tobacco Sticks used daily, as reported in the product use
electronic diary

•
•
•
•
•
•
•
•

Lung function (spirometry postbronchodilator): FEV1c, FVCd, FEV1/FVC, FEFe 25-75
Lung volumes (lung volume prebronchodilator): functional residual capacity, vital capacity,
total lung capacity, inspiratory capacity, and residual volume at month 3 and month 6
Cough symptoms (intensity and frequency), amount of sputum production, and bothersomeness
of cough symptoms, from the cough questionnaire at month 3 and month 6
Lung function (spirometry prebronchodilator): FEV1, FVC, FEV1/FVC, FEF 25-75 at month
6
Lung function (spirometry, pre- and postbronchodilator): bronchodilator reversibility in FEV1
at month 6
Myeloperoxidase, apolipoprotein A1 and B, low-density lipoprotein cholesterol, and highsensitivity C-reactive protein in serum at month 3 and month 6
Fibrinogen and homocysteine in plasma at month 3 and month 6
Platelet count and hemoglobin glycosylated in whole blood at month 3 and month 6
Albumin in urine at month 3 and month 6
Blood pressure, weight, and waist circumference at month 3 and month 6
Cytochrome P450 2A6 activity in plasma at month 3 and month 6
Product evaluation (Modified Cigarette Evaluation Questionnaire) [37]
Adverse Events, Serious Adverse Events, and device events, including THS 2.2 malfunction
or misuse
Vital signs, body weight, and body mass index
Respiratory symptoms
Spirometry
Electrocardiogram
Clinical chemistry, hematology, and urine analysis safety panel
Physical examination
Concomitant medications

THS 2.2: Tobacco Heating System 2.2.

b

HPHC: harmful and potentially harmful constituents.

c

FEV1: forced expiratory volume in one second.

d

FVC: forced vital capacity.

e

FEF: forced expiratory flow.

Collection of 24-hour urine started at the subject’s home on the
morning of the day before the scheduled visit and ended the
morning of the day of the study visit. Blood was collected after
at least 10 hours of fasting except for carboxyhemoglobin
measurement. Exhaled breath was measured for CO using a
Smokerlyzer device (Bedfont Scientific Ltd, UK) as another
biomarker of exposure to CO. Cough assessment by visual
http://www.researchprotocols.org/2018/8/e11294/
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analog scale and Likert scales (intensity of a cough, frequency
of a cough, and the amount of sputum collection) were
conducted at baseline (V3), at month three, and at month six.

Enrollment
This study enrolled current adult smokers of nonmenthol
cigarettes who did not intend to quit smoking within the next
six months. At least 950 participants were to be randomized.
JMIR Res Protoc 2018 | vol. 7 | iss. 8 | e11294 | p. 5
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Once 950 subjects had been randomized, no additional subjects
were enrolled; however, all subjects who were already enrolled
and started the run-in period were still randomized.
The main inclusion and exclusion criteria are listed in Textbox
1. Participants had at least ten years of smoking history and
smoked at least ten cigarettes per day over the last 12 months
based on self-reporting. There were no limitations on race or
ethnicity other than a quota on Caucasian subjects to ensure
that they did not represent more than 75% of randomized
subjects. Participants of each gender were limited to no more
than 60% of the study population.
Approval for the study was granted by one central Institutional
Review Board for each of the participating sites. All participants
provided written informed consent before the start of the study.
The study was conducted following Good Clinical Practice
guidelines and the ethical principles of the Declaration of
Helsinki [38-40]. Study participants were remunerated for the
time they devoted to the study in line with the local market
practice and approved by the Institutional Review Board.

Statistical Considerations
A sample size of 950 subjects (randomized 1:1) was calculated
to be enough to attain a statistical power of >99% to show
statistically significant favorable changes in at least five out of
eight CREs of the smokers’ health profile at six months. The
Hailperin-Rüger approach will be used to adjust for test
multiplicity [41,42].

Ansari et al
Although this was an open-label study, and the subjects and the
investigators or their designees were unblinded to the subject’s
study arm after randomization, a limited degree of blinding was
implemented during the conduct of the study, including the data
review and data analysis process. The study statisticians and
clinical scientists involved with the definition of the analyses
were blinded to the actual values of primary CREs from the
time of randomization until database lock.
The primary analysis will be run on the full analysis set (FAS)
of subjects based on their actual product exposure [43] according
to predefined product use pattern categories (Table 3). Subjects
switching to THS 2.2 and those smoking cigarettes will be
identified by THS-use and CC-use product use categories,
respectively. Results of the Dual-use versus CC-use comparison
will also be evaluated in secondary and exploratory analysis
tables. Only subjects with at least one record of reported product
use postrandomization will be included in the primary analysis.
Missing data will be considered as missing at random, and each
CRE will be analyzed using a mixed-effect model repeated
measure adjusting for value of the CRE at baseline and its
interaction with visit, gender, Caucasian origin, product use
pattern category, and other lifestyle covariates relevant for each
CRE following examination of baseline comparability between
THS-use and CC-use (see Table 4). Site will be included as a
random effect. Sensitivity analyses will be conducted for the
FAS considering alternative missing imputation approaches for
primary endpoints and product use. Sensitivity analysis will
also be conducted on the FAS by randomization arm.

Textbox 1. Main criteria for inclusion and exclusion of subjects.
Inclusion criteria
•

Healthy smoker

•

At least 30 years old

•

Smoking history of at least 10 years

•

Smoking history of at least 10 nonmenthol cigarettes per day on average in the 12 months preceding the screening

•

No intention to quit smoking within the next six months

Exclusion criteria
•

Clinically relevant gastrointestinal, renal, hepatic, neurological, hematological, endocrine, oncological, urological, pulmonary, immunological,
psychiatric, or cardiovascular disorders or any other conditions that would jeopardize the safety of the participant or affect the validity of the
study results

•

Abnormal findings on physical examination, in the medical history, or in clinical laboratory results deemed clinically relevant by investigators
(as per the common terminology criteria for adverse events)

•

Acute illness (eg, upper respiratory tract infection, viral infection) requiring treatment within 30 days before enrollment in the study

•

Use of any prescribed or over-the-counter systemic medications with an impact on the clinical risk endpoints of the smokers’ health profile within
five half-lives of the medication before study enrollment, except over-the-counter vitamin supplements, hormonal contraceptives, and hormone
replacement therapy

•

FEV1/FVC below 0.7 and FEV1 below 80% predicted value at postbronchodilator spirometry (FEV1 refers to the forced expiratory volume in
1 second while FVC refers to forced vital capacity)

•

Pregnancy or breastfeeding

•

Unwilling to use an acceptable method of effective contraception (females only)
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Table 3. Principal categories of actual product use pattern.

a

Category label

Definition

THSa-use

•
•
•

≥1 THS 2.2 Tobacco Sticks or cigarettes and
≥70% THS 2.2 Tobacco Stick use over the entire analysis period and
≥70% THS 2.2 Tobacco Stick use on ≥50% of the days in the analysis period

Dual-use

•
•
•

≥1 THS 2.2 Tobacco Sticks or cigarettes and
1%≤ THS 2.2 Tobacco Sticks <70% over the entire analysis period or

CC-use

•
•
•

≥1 THS 2.2 Tobacco Sticks or cigarettes and
<1% THS 2.2 Tobacco Sticks over the entire analysis period, and
<1% THS 2.2 Tobacco Sticks on ≥50% of the days in the analysis period

Other use

•

General category encompassing subjects with missing product use, subjects using e-cigarettes
or other tobacco products, subjects who quit, or subjects who switched across different use
patterns between consecutive analysis periods

THS 2.2-use and CCb-use do not apply to <50% of these days

THS: Tobacco Heating System.

b

CC: combustible cigarette.

Table 4. Baseline covariates for the analysis of primary endpoints.
Endpoint

Defined covariatesa

Evaluated covariatesa

High-density lipoprotein cholesterol

Age, smoking intensity

Smoking duration, diet, alcohol intake, exercise,
body mass index

Total white blood cell

Age, smoking intensity

Smoking duration, race/ethnicity, sleep deficit

sICAM-1b

Age, smoking intensity

Smoking duration

Age, smoking intensity

Living in household with smokers

8-epi-PGF2αd

Age, smoking intensity

Smoking duration, body mass index, weight

Carboxyhemoglobin

Age, smoking intensity

Living in household with smokers

FEV1e

Smoking intensity

Sex, agef, race and ethnicity, height, diet, exercise,
body mass index, weight, smoking duration

Total NNALg

Age, smoking intensity

Living in household with smokers

11-DTX-B2

c

a

The model will include terms for the “Defined Covariates” and for the subset of “Evaluated Covariates” selected if found to be significant at 10% level
(between THS-use and CC-use) at baseline.
b

sICAM-1: soluble intercellular adhesion molecule 1.

c

11-DTX-B2: 11-dehydrothromboxane B2.

d

8-epi-PGF2α: 8-epi-prostaglandin F2alpha.

e

FEV1: forced expiratory volume in 1 second and measured as percent of predicted value.

f

Age is not included in the defined covariates because it is accounted for in the percent predicted assessment.

g

NNAL: 4-(methylnitrosamino)-1-(3 pyridyl)-1-butanol.

For the primary analysis, substantiation that switching to THS
2.2 from cigarettes modifies the risk of smoking-related diseases
will rely on the following criteria. First, all CREs in the smokers’
health profile must shift in the same direction as they would
upon smoking cessation. Second, switching to THS 2.2 must
show a statistically significant improvement in at least five of
the 8 components of the smokers’ health profile, with each CRE
evaluated using a one-sided alpha of 1.5625%, corresponding
to half of the Hailperin-Rüger adjusted type I error (.031). The
Hailperin-Rüger approach calculates the statistical significance
that is required for each test when at least five of the 8 primary
CREs in the smokers’ health profiles are required to be
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significant to maintain the overall study-wise alpha-level of 5%.
Effect estimates will be presented accompanied by 2-sided
96.875% (100-alpha %) confidence intervals. It will be finally
evaluated if most of the effect of smoking cessation is preserved
in subjects switching to THS 2.2, based on the results of an
integrated analysis pooling data from a separate smoking
cessation study (NCT02432729) designed to benchmark the
clinical, biological, and functional changes in smokers who are
continuously abstinent from smoking for 1 year. The methods
and results will be reported in a separate manuscript. There were
no interim analyses planned.
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Figure 2. Flow chart of study participants. Asterisk indicates sites terminated due to noncompliance with Good Clinical Practice (GCP). CC: combustible
cigarette; THS 2.2: Tobacco Heating System 2.2.

Participants
For the study, 2,556 subjects were screened, 1,039 were
enrolled, 984 were randomized (483 to CC arm and 477 to THS
2.2 arm), and 803 completed the study (Figure 2). The database
lock of the study is completed.

Results
Enrollment started in March 2015 and the trial was completed
in September 2016. The results of this paper are expected in
2019.

Discussion
Preliminary Insights
The diseases attributed to smoking are complex. Continuous
exposure to HPHCs affects multiple organ systems, disease
pathways, and mechanisms, such as inflammation, oxidative
stress, platelet activation, and lipid metabolism, which coincide,
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leading gradually to the development of smoking-related
diseases over the course of years. This study examined changes
in biological and functional CREs in adult smokers switching
to THS 2.2 in an ambulatory, near real-life setting. Because no
single CRE is validated as a surrogate measure for any
smoking-related disease, the primary endpoint of this study was
a selection of equally important, nonhierarchical, co-primary
CREs defined as the smokers’ health profile.
The analysis of this study uses a robust approach in the field of
tobacco harm reduction. All co-primary CREs of the smokers’
health profile must shift in the same direction as they would
upon smoking cessation, and at least five of the 8 components
of the smokers’ health profile must be significantly improved
statistically in THS 2.2 users compared with those who
continued smoking cigarettes. Significance will be evaluated
using a one-sided test with the Hailperin-Rüger adjusted
alpha-level.
Furthermore, the planned analysis approach considers baseline
comparability of confounding factors that can potentially
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influence study results, such as exercise, diet, alcohol intake,
and potential exposure to passive smoking. Additional CREs
that are representative of various mechanistic or pathological
pathways will be evaluated in the secondary objectives to
support the analysis of the primary objective. Because smoking
alters multiple pathways, tissues, and organs, which together
contribute to disease risk, this approach will provide coherent
and multifaceted scientific evidence of the reduced-risk potential
of THS 2.2.
The ambulatory setting will provide information not only on
product consumption and combined or dual-use (smoking of
cigarettes in addition to using THS 2.2) but also on user
satisfaction and acceptance of the product, as assessed by the
proportion of product used, the “intent to use” questionnaire,
and the modified cigarette evaluation questionnaire.
In summary, results from this study will be a noteworthy
addition to the growing body of data from the assessment
program to scientifically substantiate that THS 2.2 can
potentially reduce the risk of smoking-related diseases [6]. The
design and approach used in the present study should be
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considered in light of its limitations. One potential limitation is
that the study population might not match the general population
of potential THS 2.2 consumers. The study enrolled only
smokers who smoked at least 10 cigarettes a day. Also, the study
may provide only limited insight on the effect of THS 2.2 in
various races and ethnicities.

Conclusions
This study is part of a multilayered assessment program designed
to evaluate whether THS 2.2 can potentially reduce the risk of
smoking-related diseases relative to continued smoking. The
results of this study will confirm whether the reduction in
exposure to HPHCs when switching from cigarettes to THS 2.2
leads to statistically significant favorable changes in CREs
linked to smoking disease and following the direction expected
upon smoking cessation. Detailed information on product use,
product satisfaction, and acceptance will also emerge from this
study. This study will provide evidence to substantiate the
reduced-risk potential of THS 2.2. Longer term duration of
exposure is needed to evaluate these changes in biological and
functional biomarkers further.

Acknowledgments
The authors sincerely appreciate the contributions of all the investigators and other clinical and research staff involved in the
present study. We thank Susan E Cottrell, PhD, of Edanz Medical Writing, for providing medical writing support.

Conflicts of Interest
The work reported in this publication involved a candidate MRTP developed by PMI Research & Development. All authors are
(or were) employees of PMI or worked for PMI under contractual agreements. PMI is the sole source of funding and sponsor of
this project.

Multimedia Appendix 1
Schedule of events.
[PDF File (Adobe PDF File), 70KB-Multimedia Appendix 1]

Multimedia Appendix 2
Methods and measurements.
[PDF File (Adobe PDF File), 31KB-Multimedia Appendix 2]

References
1.
2.

3.
4.
5.
6.

US Department of Health and Human Services. The Health Consequences of Smoking—50 Years of Progress. In: A Report
of the Surgeon General. Atlanta, GA: Centers for Disease Control and Prevention; 2014.
Jamal A, Homa DM, O'Connor E, Babb SD, Caraballo RS, Singh T, et al. Current Cigarette Smoking Among Adults United States, 2005-2014. MMWR Morb Mortal Wkly Rep 2015;64(44):1233-1240 [FREE Full text] [doi:
10.15585/mmwr.mm6444a2] [Medline: 26562061]
Institute of Medicine. Scientific Standards for Studies on Modified Risk Tobacco Products. Washington DC: National
Academies Press; 2018.
Stratton K, Shetty P, Wallace R, Bondurant S. Clearing the smoke: the science base for tobacco harm reduction--executive
summary. Tob Control 2001 Jun;10(2):189-195 [FREE Full text] [Medline: 11387543]
US Congress. Family smoking prevention and tobacco control and federal retirement reform. 2009 Presented at: US
Congress; June 22, 2009; Washington DC.
Smith MR, Clark B, Lüdicke F, Schaller J, Vanscheeuwijck P, Hoeng J, et al. Evaluation of the Tobacco Heating System
2.2. Part 1: Description of the system and the scientific assessment program. Regul Toxicol Pharmacol 2016 Nov 30;81
Suppl 2:S17-S26 [FREE Full text] [doi: 10.1016/j.yrtph.2016.07.006] [Medline: 27450400]

http://www.researchprotocols.org/2018/8/e11294/

XSL• FO
RenderX

JMIR Res Protoc 2018 | vol. 7 | iss. 8 | e11294 | p. 9
(page number not for citation purposes)

JMIR RESEARCH PROTOCOLS
7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.
20.

21.
22.

23.

24.
25.

26.

Berman ML, Connolly G, Cummings KM, Djordjevic MV, Hatsukami DK, Henningfield JE, et al. Providing a Science
Base for the Evaluation of Tobacco Products. Tob Regul Sci 2015 Apr;1(1):76-93 [FREE Full text] [doi: 10.18001/TRS.1.1.8]
[Medline: 26665160]
Forster M, Fiebelkorn S, Yurteri C, Mariner D, Liu C, Wright C, et al. Assessment of novel tobacco heating product THP1.0.
Part 3: Comprehensive chemical characterisation of harmful and potentially harmful aerosol emissions. Regul Toxicol
Pharmacol 2018 Mar;93:14-33 [FREE Full text] [doi: 10.1016/j.yrtph.2017.10.006] [Medline: 29080848]
Lüdicke F, Haziza C, Weitkunat R, Magnette J. Evaluation of Biomarkers of Exposure in Smokers Switching to a
Carbon-Heated Tobacco Product: A Controlled, Randomized, Open-Label 5-Day Exposure Study. Nicotine Tob Res 2016
Dec;18(7):1606-1613 [FREE Full text] [doi: 10.1093/ntr/ntw022] [Medline: 26817490]
Gale N, McEwan M, Eldridge AC, Fearon IM, Sherwood N, Bowen E, et al. Changes in Biomarkers of Exposure on
Switching From a Conventional Cigarette to Tobacco Heating Products: A Randomized, Controlled Study in Healthy
Japanese Subjects. Nicotine Tob Res 2018 Jun 15. [doi: 10.1093/ntr/nty104] [Medline: 29912406]
Takahashi Y, Kanemaru Y, Fukushima T, Eguchi K, Yoshida S, Miller-Holt J, et al. Chemical analysis and in vitro
toxicological evaluation of aerosol from a novel tobacco vapor product: A comparison with cigarette smoke. Regul Toxicol
Pharmacol 2018 Feb;92:94-103 [FREE Full text] [doi: 10.1016/j.yrtph.2017.11.009] [Medline: 29158044]
D'Ruiz CD, Graff DW, Robinson E. Reductions in biomarkers of exposure, impacts on smoking urge and assessment of
product use and tolerability in adult smokers following partial or complete substitution of cigarettes with electronic cigarettes.
BMC Public Health 2016 Dec 11;16:543 [FREE Full text] [doi: 10.1186/s12889-016-3236-1] [Medline: 27401980]
Schaller J, Keller D, Poget L, Pratte P, Kaelin E, McHugh D, et al. Evaluation of the Tobacco Heating System 2.2. Part 2:
Chemical composition, genotoxicity, cytotoxicity, and physical properties of the aerosol. Regul Toxicol Pharmacol 2016
Nov 30;81 Suppl 2:S27-S47 [FREE Full text] [doi: 10.1016/j.yrtph.2016.10.001] [Medline: 27720919]
Hoeng J, Deehan R, Pratt D, Martin F, Sewer A, Thomson TM, et al. A network-based approach to quantifying the impact
of biologically active substances. Drug Discov Today 2012 May;17(9-10):413-418. [doi: 10.1016/j.drudis.2011.11.008]
[Medline: 22155224]
Phillips B, Veljkovic E, Boué S, Schlage WK, Vuillaume G, Martin F, et al. An 8-Month Systems Toxicology
Inhalation/Cessation Study in Apoe-/- Mice to Investigate Cardiovascular and Respiratory Exposure Effects of a Candidate
Modified Risk Tobacco Product, THS 2.2, Compared With Conventional Cigarettes. Toxicol Sci 2016 Feb;149(2):411-432
[FREE Full text] [doi: 10.1093/toxsci/kfv243] [Medline: 26609137]
Brossard P, Weitkunat R, Poux V, Lama N, Haziza C, Picavet P, et al. Nicotine pharmacokinetic profiles of the Tobacco
Heating System 2.2, cigarettes and nicotine gum in Japanese smokers. Regul Toxicol Pharmacol 2017 Oct;89:193-199
[FREE Full text] [doi: 10.1016/j.yrtph.2017.07.032] [Medline: 28760390]
Haziza C, de LBG, Skiada D, Ancerewicz J, Baker G, Picavet P, et al. Evaluation of the Tobacco Heating System 2.2. Part
8: 5-Day randomized reduced exposure clinical study in Poland. Regul Toxicol Pharmacol 2016 Nov 30;81 Suppl 2:S139-S150
[FREE Full text] [doi: 10.1016/j.yrtph.2016.11.003] [Medline: 27816672]
Lüdicke F, Picavet P, Baker G, Haziza C, Poux V, Lama N, et al. Effects of Switching to the Tobacco Heating System 2.2
Menthol, Smoking Abstinence, or Continued Cigarette Smoking on Biomarkers of Exposure: A Randomized, Controlled,
Open-Label, Multicenter Study in Sequential Confinement and Ambulatory Settings (Part 1). Nicotine Tob Res 2018 Jan
05;20(2):161-172 [FREE Full text] [doi: 10.1093/ntr/ntw287] [Medline: 28177489]
Committee on Scientific Standards for Studies on Modified Risk Tobacco Products IOM. Scientific Standards for Studies
on Modified Risk Tobacco Products. Washington DC: Natl Academy Pr; 2018.
US Department of Health and Human Services. How Tobacco Smoke Causes Disease: The Biology and Behavioral Basis
of Smoking-Attributable Disease, a Report of the Surgeon General. Atlanta, GA: Centers for Disease Control and Prevention;
2011.
Eliasson B, Hjalmarson A, Kruse E, Landfeldt B, Westin A. Effect of smoking reduction and cessation on cardiovascular
risk factors. Nicotine Tob Res 2001 Aug;3(3):249-255. [doi: 10.1080/14622200110050510] [Medline: 11506768]
Scott DA, Stapleton JA, Wilson RF, Sutherland G, Palmer RM, Coward PY, et al. Dramatic decline in circulating intercellular
adhesion molecule-1 concentration on quitting tobacco smoking. Blood Cells Mol Dis 2000 Jun;26(3):255-258. [doi:
10.1006/bcmd.2000.0304] [Medline: 10950946]
Palmer RM, Stapleton JA, Sutherland G, Coward PY, Wilson RF, Scott DA. Effect of nicotine replacement and quitting
smoking on circulating adhesion molecule profiles (sICAM-1, sCD44v5, sCD44v6). Eur J Clin Invest 2002
Nov;32(11):852-857. [Medline: 12423327]
Saareks V, Ylitalo P, Alanko J, Mucha I, Riutta A. Effects of smoking cessation and nicotine substitution on systemic
eicosanoid production in man. Naunyn Schmiedebergs Arch Pharmacol 2001 May;363(5):556-561. [Medline: 11383717]
Benowitz NL, Fitzgerald GA, Wilson M, Zhang Q. Nicotine effects on eicosanoid formation and hemostatic function:
comparison of transdermal nicotine and cigarette smoking. J Am Coll Cardiol 1993 Oct;22(4):1159-1167 [FREE Full text]
[Medline: 7691912]
Oguogho A, Lupattelli G, Palumbo B, Sinzinger H. Isoprostanes quickly normalize after quitting cigarette smoking in
healthy adults. Vasa 2000 May;29(2):103-105. [doi: 10.1024/0301-1526.29.2.103] [Medline: 10901086]

http://www.researchprotocols.org/2018/8/e11294/

XSL• FO
RenderX

Ansari et al

JMIR Res Protoc 2018 | vol. 7 | iss. 8 | e11294 | p. 10
(page number not for citation purposes)

JMIR RESEARCH PROTOCOLS
27.

28.

29.

30.
31.

32.

33.
34.
35.
36.
37.

38.
39.

40.

41.
42.
43.

Ansari et al

Pilz H, Oguogho A, Chehne F, Lupattelli G, Palumbo B, Sinzinger H. Quitting cigarette smoking results in a fast improvement
of in vivo oxidation injury (determined via plasma, serum and urinary isoprostane). Thromb Res 2000 Aug 01;99(3):209-221.
[Medline: 10944241]
Theophilus EH, Coggins CRE, Chen P, Schmidt E, Borgerding MF. Magnitudes of biomarker reductions in response to
controlled reductions in cigarettes smoked per day: a one-week clinical confinement study. Regul Toxicol Pharmacol 2015
Mar;71(2):225-234 [FREE Full text] [doi: 10.1016/j.yrtph.2014.12.023] [Medline: 25572415]
Bohadana AB, Nilsson F, Westin A, Martinet N, Martinet Y. Smoking cessation--but not smoking reduction--improves the
annual decline in FEV1 in occupationally exposed workers. Respir Med 2006 Aug;100(8):1423-1430 [FREE Full text]
[doi: 10.1016/j.rmed.2005.11.005] [Medline: 16356702]
Xu X, Weiss ST, Rijcken B, Schouten JP. Smoking, changes in smoking habits, and rate of decline in FEV1: new insight
into gender differences. Eur Respir J 1994 Jun;7(6):1056-1061 [FREE Full text] [Medline: 7925873]
Sherrill DL, Holberg CJ, Enright PL, Lebowitz MD, Burrows B. Longitudinal analysis of the effects of smoking onset and
cessation on pulmonary function. Am J Respir Crit Care Med 1994 Mar;149(3 Pt 1):591-597. [doi:
10.1164/ajrccm.149.3.8118623] [Medline: 8118623]
Carmella SG, Chen M, Han S, Briggs A, Jensen J, Hatsukami DK, et al. Effects of smoking cessation on eight urinary
tobacco carcinogen and toxicant biomarkers. Chem Res Toxicol 2009 Apr;22(4):734-741 [FREE Full text] [doi:
10.1021/tx800479s] [Medline: 19317515]
Prochaska JO, DiClemente CC. Stages and processes of self-change of smoking: toward an integrative model of change.
J Consult Clin Psychol 1983 Jun;51(3):390-395. [doi: 10.1037//0022-006X.51.3.390] [Medline: 6863699]
Miller MR, Hankinson J, Brusasco V, Burgos F, Casaburi R, Coates A, et al. Standardisation of spirometry. Eur Respir J
2005 Aug;26(2):319-338 [FREE Full text] [doi: 10.1183/09031936.05.00034805] [Medline: 16055882]
Wanger J, Clausen JL, Coates A, Pedersen OF, Brusasco V, Burgos F, et al. Standardisation of the measurement of lung
volumes. Eur Respir J 2005 Sep;26(3):511-522 [FREE Full text] [doi: 10.1183/09031936.05.00035005] [Medline: 16135736]
The Scientific Basis of Tobacco Porduct Regulation. In: World Health Organization. Geneva: WHO Study Group on
Tobacco Product Regulation; 2014:2014-2092.
Cappelleri JC, Bushmakin AG, Baker CL, Merikle E, Olufade AO, Gilbert DG. Confirmatory factor analyses and reliability
of the modified cigarette evaluation questionnaire. Addict Behav 2007 May;32(5):912-923. [doi:
10.1016/j.addbeh.2006.06.028] [Medline: 16875787]
World Medical Association. 2013. Declaration of Helsinki - Ethical principles for medical research involving human
subjects URL: https://tinyurl.com/y7f5boyg [accessed 2018-07-10] [WebCite Cache ID 70o2Yxm60]
International Council for Harmonisation. ICH E6 (R1). 1996. Guideline for good clinical practice URL: http://www.ich.org/
fileadmin/Public_Web_Site/ICH_Products/Guidelines/Efficacy/E6/E6_R1_Guideline.pdf [accessed 2018-07-10] [WebCite
Cache ID 70o3aglOn]
ICH Harmonised Guideline. ICH E6 (R2). 2016. Integrated addendum to ICH E6 (R1): guideline for good clinical practice
- Current Step 4 version dated 9 November 2016 URL: http://www.ich.org/products/guidelines/efficacy/efficacy-single/
article/integrated-addendum-good-clinical-practice.html [accessed 2018-07-10] [WebCite Cache ID 70o59cN3b]
Hailperin T. Best Possible Inequalities for the Probability of a Logical Function of Events. The American Mathematical
Monthly 2018 Feb 05;72(4):343-359. [doi: 10.1080/00029890.1965.11970533]
Rüger B. Das maximale signifikanzniveau des Tests: “Lehne H0 ab, wenn k unter n gegebenen Tests zur Ablehnung führen”.
Metrika 1978 Dec;25(1):171-178. [doi: 10.1007/BF02204362]
Weitkunat R, Baker G, Lüdicke F. Intention-to-Treat Analysis but for Treatment Intention: How should Consumer Product
Randomized Controlled Trials be Analyzed? Int J Stats Med Res 2016 Jun 03;5(2):90-98. [doi:
10.6000/1929-6029.2016.05.02.3]

Abbreviations
8-epi-PGF2α: 8-epi-prostaglandin F2alpha
11-DTX-B2: 11-dehydrothromboxane B2
CC: combustible cigarette
CO: carbon monoxide
CRE: clinical risk endpoint
FAS: full analysis set
FEF: forced expiratory force
FEV 1: forced expiratory volume in 1 second
FVC: forced vital capacity
HPHC: harmful and potentially harmful constituents
PMI: Philip Morris International
MCEQ: Modified Cigarette Evaluation Questionnaire
MRTP: modified risk tobacco product
http://www.researchprotocols.org/2018/8/e11294/

XSL• FO
RenderX

JMIR Res Protoc 2018 | vol. 7 | iss. 8 | e11294 | p. 11
(page number not for citation purposes)

JMIR RESEARCH PROTOCOLS

Ansari et al

NNAL: 4-(methylnitrosamino)-1-(3 pyridyl)-1-butanol
NNK: nicotine-derived nitrosamine ketone
sICAM-1: soluble intercellular adhesion molecule 1
THS 2.2: Tobacco Heating System 2.2
V: visit

Edited by G Eysenbach, N Kuter; submitted 14.06.18; peer-reviewed by R Mermelstein, J Prochaska; comments to author 09.07.18;
revised version received 25.07.18; accepted 25.07.18; published 24.08.18
Please cite as:
Ansari SM, Lama N, Blanc N, Bosilkovska M, Donelli A, Picavet P, Baker G, Haziza C, Lüdicke F
Evaluation of Biological and Functional Changes in Healthy Smokers Switching to the Tobacco Heating System 2.2 Versus Continued
Tobacco Smoking: Protocol for a Randomized, Controlled, Multicenter Study
JMIR Res Protoc 2018;7(8):e11294
URL: http://www.researchprotocols.org/2018/8/e11294/
doi: 10.2196/11294
PMID: 30143474

©S Michael Ansari, Nicola Lama, Nicolas Blanc, Marija Bosilkovska, Andrea Donelli, Patrick Picavet, Gizelle Baker, Christelle
Haziza, Frank Lüdicke. Originally published in JMIR Research Protocols (http://www.researchprotocols.org), 24.08.2018. This
is an open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in JMIR Research Protocols, is properly cited. The complete bibliographic information,
a link to the original publication on http://www.researchprotocols.org, as well as this copyright and license information must be
included.

http://www.researchprotocols.org/2018/8/e11294/

XSL• FO
RenderX

JMIR Res Protoc 2018 | vol. 7 | iss. 8 | e11294 | p. 12
(page number not for citation purposes)

