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Abstract

This was a randomized, controlled, open-label, confinement study to assess change in exposure to selected cigarette
smoke constituents in healthy adult cigarette smokers who switched to using a novel heated tobacco product (direct
heating tobacco system,platform 3,generation 3,version a [DT3.0a]). Sixty nonmenthol cigarette smokers were random-
ized into 1 of the 4 study groups in which subjects switched to a nonmenthol type of tobacco stick used with DT3.0a,
switched to a nonmenthol tobacco stick used with an in-market heated tobacco product device (THS), continued to
smoke nonmenthol cigarettes,or stopped smoking. Furthermore,30 menthol cigarette smokers were randomized into 1
of the 2 study groups in which subjects switched to a menthol tobacco stick used with DT3.0a (mDT3.0a) or continued
to smoke menthol cigarettes. Fifteen biomarkers of exposure to selected harmful and potentially harmful constituents
(HPHCs) were measured during the 5-day exposure period, followed by assessment of nicotine pharmacokinetics with
the assigned product. Results indicated that switching to DT3.0a, THS, and mDT3.0a showed significant exposure re-
ductions in most of the selected HPHCs as compared to continuing smoking cigarettes, with reductions being similar
in magnitude to reductions observed with smoking cessation. For DT3.0a and mDT3.0a, nicotine pharmacokinetic pa-
rameters were not remarkably different from those obtained for cigarettes and the THS except that a longer time to
maximum concentration was obtained following use of the mDT3.0a. In conclusion, switching from smoking cigarettes
to DT3.0a or THS use reduced exposure to most of the selected HPHCs, and no remarkable differences were observed
for the measurements obtained from different flavors of DT3.0a stick.
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Cigarette smoking is a cause of serious diseases includ-
ing lung cancer, coronary heart disease, emphysema,
and chronic bronchitis.1 It is reported that the cause
of smoking-related diseases is exposure to substances
in the smoke generated by burning tobacco leaves for
a long-term period.1,2 Thus, there has been a growing
interest in noncombustible tobacco products such as
heated tobacco products (HTPs), which can reduce ex-
posure to the harmful substances associated with com-
bustion of tobacco.

The US Food and Drug Administration (FDA) has
issued a draft Guidance for Industry on the regula-
tory application of modified-risk tobacco products
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(MRTPs). AnMRTP is defined as any tobacco product
that is sold or distributed for use to reduce harm or the
risk of particular diseases related to marketed tobacco
products. In the draft guidance, the FDA recommends
the applicant to conduct human studies to assess the
reduced health risks related to the use of the candidate
tobacco product, including exposure to cigarette smoke
constituents (eg, biomarkers of exposure [BoE]) and
health outcomes (eg, disease incidence or mortality).
In addition, the guidance also recommends includ-
ing abuse liability information (eg, subjective effects
measures, pharmacokinetics [PK] of nicotine) as part
of the MRTP application. At this moment, the FDA
has authorized 1 manufacturer to market a specific
product (IQOS 3 System Holder and Charger, Philip
Morris Products S.A.) as an MRTP under the HTP
category and has issued an order of “exposure modifi-
cation” that implies that introduction of this product
to the market is expected to benefit the public health
(https://www.fda.gov/tobacco-products/advertising-
and-promotion/philip-morris-products-sa-modified-
risk-tobacco-product-mrtp-applications).

A list of harmful and potentially harmful con-
stituents (HPHCs) in tobacco products and to-
bacco smoke was established by the FDA (https:
//www.fda.gov/tobacco-products/rules-regulations-
and-guidance/harmful-and-potentially-harmful-
constituents-tobacco-products-and-tobacco-smoke-
established-list), and BoEs for the selected HPHCs
have been suggested for assessing the exposure levels
during use of various tobacco/nicotine-containing
products.3 It was reported that exposure to the se-
lected BoEs showed a dose–response relationship with
the number of cigarettes smoked4 and that smoking
cessation led to significantly lower exposure to the
selected BoEs.5 For HTPs, a number of clinical studies
have been conducted, and reported results suggest a
sustained reduction in human exposure to selected
HPHCs among those who switched away from com-
bustible cigarettes to some HTPs. The reductions were
similar in magnitude to those observed for smoking
cessation.6–13 Thus, in accordance with current knowl-
edge, HTPs are expected to possess consistent reduced
toxicant exposure properties. Additionally, regarding
the nicotine PK of HTPs, it has been reported that
the absorption rate of nicotine is generally similar to
that obtained following smoking cigarettes, whereas
the amount of absorbed nicotine differs depending
on the type of HTP used.14,15 As new and updated
versions of HTPs are being introduced year after year,
continuous research is required for these products with
novel characteristics. In addition, despite the fact that
menthol is one of the most common flavors of HTP
tobacco stick, most published clinical studies have
assessed nonmenthol regular flavor HTPs and much

less is known about how flavor differences impact
outcomes.

In 2021, the DT3.0a (direct tobacco heating system,
platform 3, generation 0, version a), which electroni-
cally heats the inside of a tobacco stick up to a tem-
perature of 295°C, was developed and introduced by
Japan Tobacco Inc.16 The results of the chemical anal-
ysis of aerosol generated from the DT3.0a showed that
most of the measured selected cigarette smoke con-
stituents were lower levels as compared to the Univer-
sity of Kentucky reference cigarette.16 In addition, the
DT3.0a aerosol registered little response when investi-
gated for mutagenic and cytotoxic effects following in
vitro toxicological assays, in contrast to results obtained
using the University of Kentucky reference cigarette.16

Such results would suggest that switching from com-
bustible cigarettes to theDT3.0a potentially reduces ex-
posure to cigarette smoke constituents.

The primary objective of the present study was to
evaluate BoEs to the selected HPHCs in healthy adult
smokers who either switched to use a nonmenthol-type
tobacco stick with a novel HTP (DT3.0a) or an in-
market HTP (THS), continued smoking nonmenthol
combustible cigarettes, or stopped smoking over a 5-
day period. Stopping smoking and switching to THS
were set as reference conditions in this study, as these
conditions for subjects have been reported to lead to po-
tential reductions in exposure to HPHCs.6–13 Further-
more, the present study also assessed human exposure
in healthy adult smokers who either switched to use a
menthol-type tobacco stick with DT3.0a (mDT3.0a) or
continued smoking menthol combustible cigarettes. As
part of the secondary objectives of this study, nicotine
PK parameters of the assigned product were assessed
after the completion of the 5-day exposure period.

Methods
Study Design
This was a randomized, controlled, open-label, con-
finement study carried out at 2 clinics (SOUSEIKAI
Fukuoka Mirai Hospital and SOUSEIKAI Hakata
Clinic) in Fukuoka, Japan. The study was conducted
in accordance with Good Clinical Practice and the eth-
ical principles of the Declaration of Helsinki. Prior to
the start of study, the study was approved by Hakata
Clinic Institutional Review Board on August 27, 2021,
and registered at the UMIN Clinical Trials Registry on
September 1, 2021 (UMIN000045304). All participants
provided written informed consent to participate in the
study.

A study design schematic is shown in Figure S1. El-
igible adult nonmenthol and menthol smokers checked
into the clinics in the evening of Day −2. Sixty non-
menthol smokers were randomly assigned into 1 of the
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4 study groups (switching to a DT3.0a, switching to
a THS, continuing smoking their own brand of com-
bustible cigarettes [CCs] or stopping smoking [SS]),
and 30 menthol smokers were randomly assigned into
1 of the 2 study groups (switching to an mDT3.0a
or continuing smoking their own brand of menthol
combustible cigarettes [mCCs]) in equal ratios). Such
separated randomizations by nonmenthol and men-
thol smokers were employed to minimize the impact of
changing flavors during switching from subjects’ usual
brands of cigarettes to HTPs in the study. The random-
ization was performed separately for nonmenthol and
menthol smokers and stratified by site, sex, and visit-
ing cohorts in order to be well balanced. The subjects
were randomly assigned into the study groups by using
the electronic data capture system, and the investiga-
tors and site staff were blinded to the randomization
scheme.

On Day −1, subjects were requested to smoke their
own brand of cigarettes ad libitum within ±10% of
their self-reported daily consumption (the site staff
provided cigarettes one by one at the request of the
subjects, and staff counted the number of cigarettes
smoked by each subject). From Day 1 to Day 5 (the ex-
posure assessment period), all investigational tobacco
products were dispensed by the site staff one by one,
and the subjects could use their assigned investigational
tobacco product from 9:00 a.m. to 10:30 p.m. in super-
vised smoking areas designated separately by assigned
product. Subjects in the DT3.0a, THS, and mDT3.0a
groups used their assigned HTPs ad libitum. Subjects
in the CC and mCC groups continued to smoke their
own brand of cigarettes ad libitum within ±10% of
their self-reported daily consumption. Subjects in the
SS group abstained from smoking and were not per-
mitted to access the smoking areas. On Day 6, sub-
jects in study groups except the SS group used 1 stick
of their assigned investigational tobacco products for
nicotine PK assessment. Subjects in all groups were dis-
charged on Day 6 after completing safety assessment
procedures.

Subjects
Male and female Japanese healthy smokers aged 21–
65 years were eligible to participate in the study if
they smoked 11 or more cigarettes/day on average at
screening, had exclusively smoked commercially avail-
able cigarettes for at least 12 months before screening,
and had a positive urinary cotinine result with a cutoff
of 200 ng/mL (COT200 Rapid Test Cassette, Technicon
International, Inc.).

Before enrollment, the health status of all partici-
pants was confirmed by physical examination, medical
history, vital signs, electrocardiogram, and clinical
laboratory testing. The main exclusion criteria were

pregnant or breastfeeding females; males having a
body mass index (BMI) of less than 18.5 or greater
than 27.7 kg/m2 and females having a BMI of less than
16.8 or greater than 26.1 kg/m2; participants who had
donated 200 mL or more of blood within 2 weeks or
had donated 400 mL or more of blood within 12 weeks
(men) or 16 weeks (women) prior to Day 1; and par-
ticipants who had any clinically relevant abnormal
findings, including positive results for severe acute res-
piratory syndrome coronavirus 2 by polymerase chain
reaction, as judged by the investigators. Subjects were
also excluded if they had used any prescription drugs,
over-the-counter medications (including smoking-
cessation medications), or dietary supplements within
2 weeks prior to the exposure assessment period.

Sample Size Determination
The sample size was 15 subjects in each study group.
The sample size was determined on the basis of the
expected least squares mean ratios of the levels of
the selected 15 BoEs (Table 1), as observed previously
in smokers who had switched to HTPs for 5 days
in previous studies of similar design.13 For attaining
80% power in the DT3.0a, THS, SS, and mDT3.0a
groups as compared to the CC or mCC groups using
2-sided tests with 5% alpha level (Bonferroni correla-
tion, α = 0.05/4), a sample size of 12 subjects in each
study group was considered sufficient (among the 15
BoEs measured in the present study, calculation of dif-
ferences in total 4-(methylnitrosamino)-1-(3-pyridyl)-1-
butanol [NNAL] required the greatest number of sub-
jects).

Investigational Tobacco Products
We assessed 3 HTPs (DT3.0a, mDT3.0a, THS) avail-
able on the Japanese market as investigational tobacco
products. TheHTPswere acquired from themarket and
provided to the subjects free of charge, while subjects’
own brand of cigarettes were purchased and brought to
the clinic by the subjects themselves.

DT3.0a (device/regular-type tobacco stick: Ploom
X/MEVIUS Rich for Ploom X and Ploom S) and
mDT3.0a (device/menthol type tobacco stick: Ploom
X/MEVIUS Menthol Cold for Ploom X and Ploom
S) developed by Japan Tobacco Inc., consists of a
rechargeable holding device and a specially designed to-
bacco stick. The tobacco stick consists of flavors added
to a tobacco leaf blend covered with paper and a fil-
ter on the tip and has a shape resembling a cigarette.
The heater in the device heats the tobacco stick for ap-
proximately 5 minutes (the temperature inside the to-
bacco stick during use is up to 295°C) to generate to-
bacco vapor before being inhaled. Aerosol emissions
for the tobacco sticks of DT3.0a and mDT3.0a used
in this study were reported by Hashizume et al.16 As an
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Table 1. Biomarkers of Exposure to Selected Harmful and Potentially Harmful Constituents

Acronym Biomarker of exposure HPHC

3-HPMA 3-Hydroxypropyl-mercapturic acid Acrolein
3-OH-BaP 3-Hydroxy-benzo[a]pyrene Benzo[a]pyrene
Total 1-OHP Total 1-hydroxypyrene Pyrenea

S-PMA S-Phenylmercapturic acid Benzene
MHBMA Monohydroxybutenyl-mercapturic acid 1,3-Butadiene
eCOb Exhaled carbon monoxide Carbon monoxide
Total NNAL Total 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol 4-(Methylnitrosamino)-1-(3-pyridyl)-1-butanone
Total NNN Total N-nitrosonornicotine N-nitrosonornicotine
CEMA 2-Cyanoethylmercapturic acid Acrylonitrile
4-ABP 4-Aminobiphenyl 4-Aminobiphenyl
1-AN 1-Aminonaphthalene 1-Aminonaphthalene (1-AN)
2-AN 2-Aminonaphthalene 2-Aminonaphthalene (2-AN)
3-HMPMA 3-Hydroxy-1-methylpropylmercapturic acid Crotonaldehyde
HEMA 2-Hydroxyethyl-mercapturic acid Ethylene oxide
o-Tol o-Toluidine o-Toluidine
a
Although pyrene is not listed as a harmful and potentially harmful constituent by the US Food and Drug Administration, the biomarker of exposure
to pyrene was assessed as an alternative and supportive biomarkers of exposure to benzo[a]pyrene.
b
The exhaled CO level of subjects was measured by using a piCO+ Smokerlyzer.

in-market HTP, the THS (device/tobacco stick: IQOS
3 DUO/Marlboro Heat Stick Regular) comprises an
electronic device that heats specially designed tobacco
sticks to approximately 300°C (up to 350°C) via a heat-
ing blade.Aerosol emissions of THShave been reported
previously.17

Baseline Characteristics
The baseline characteristics of subjects, including sex,
age, BMI, smoking history, the nominal tar value of the
subject’s usual brand of cigarette (value printed on each
cigarette package), self-reported daily consumption of
cigarettes, and score on the Fagerström Test for Nico-
tine Dependence18 were recorded at screening.

Exposure Assessments
As shown in Table 1, the study examined the fol-
lowing 15 BoEs (3-hydroxypropyl-mercapturic acid
[3-HPMA], 3-hydroxy-benzo[a]pyrene [3-OH-BaP],
total 1-hydroxypyrene [1-OHP], S-phenylmercapturic
acid [S-PMA], monohydroxybutenyl-mercapturic
acid [MHBMA], exhaled carbon monoxide
[eCO], total NNAL, total N-nitrosonornicotine
[NNN], 2-cyanoethylmercapturic acid [CEMA],
4-aminobiphenyl [4-ABP], 1-aminonaphthalene
[1-AN], 2-aminonaphthalene [2-AN], 3-hydroxy-
1-methylpropylmercapturic acid [3-HMPMA], 2-
hydroxyethyl-mercapturic acid [HEMA], and o-
toluidine [o-Tol]). These BoEs were selected as reliable
surrogate markers of exposure to HPHCs and pyrene.
They have been widely measured in clinical studies to
evaluate exposure from tobacco product use.3,19–21 The

eCO level of subjects was measured using a piCO+
Smokerlyzer (Bedfont Scientific Ltd.) at the same time
each evening (between 5:00 p.m. and 7:00 p.m.) on Day
−1, Day 3, and Day 5. Each eCO measurement took
place between 30 and 45 minutes after the subject’s
previous use of any investigational tobacco product.
The 24-hour urine samples for measuring 14 BoEs (3-
HPMA, 3-OH-BaP, total 1-OHP, S-PMA, MHBMA,
total NNAL, total NNN, CEMA, 4-ABP, 1-AN, 2-
AN, 3-HMPMA, HEMA, and o-Tol) were pooled
from the morning on Day −1, Day 3, and Day 5 to
the following morning. Creatinine was also measured
in 24-hour urine for adjustment of the concentration
of all urinary BoEs. All bioanalyses were carried out
using validated methods at Celerion. The details of
these methods have been published previously.13,14

Nicotine uptake was assessed by measuring nicotine
equivalents (the molar sum of nicotine and the 5 major
metabolites) in the same 24-hour urine samples used for
BoE assessment. The subject’s product consumption on
each day from Day 1 to Day 5 was recorded for all sub-
jects, except those who were assigned to the SS group,
by counting the number of consumed cigarettes orHTP
tobacco sticks.

Questionnaires
Subjective effects were assessed by using self-
reported Japanese versions of questionnaires in-
cluding the Questionnaire on Smoking Urges–
Brief (QSU-Brief),22 modified Cigarette Evalu-
ation Questionnaire (mCEQ),23 and Minnesota
Nicotine Tobacco Withdrawal Scale (MNWS;
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http://www.med.uvm.edu/behaviorandhealth/research/
minnesota-tobacco-withdrawal-scale). These were
selected as the most widely used questionnaires among
the various methods available to research the subjec-
tive effects in relation to tobacco product use. Within
15 minutes after the last use of their own brand of
cigarette on Day −1, and after the last use of inves-
tigational products on Days 3 and 5, subjects (except
in the SS group) answered the questionnaires in the
following order: QSU-Brief, mCEQ, and MNWS. The
QSU-Brief items were rated on a 7-point scale (ranging
from 1 [strongly disagree] to 7 [strongly agree]), and
the following factors/scores were calculated: Factor
1 (Desire to Smoke, sum of items 1, 3, 6, 7, and 10);
Factor 2 (Negative Reinforcement, sum of items 2, 4,
5, 8, and 9); and Total score (sum of all items). The
mCEQ items were rated on a 7-point scale (ranging
from 1 [not at all] to 7 [extremely]), and the following
subscales scores were evaluated: Smoking Satisfaction
(average of items 1, 2, and 12); Psychological Reward
(average of items 4–8); Aversion (average of items 9
and 10); Enjoyment of Respiratory Tract Sensations
(item 3); and Craving Reduction (item 11). TheMNWS
items were rated on a 5-point scale (ranging from 0
[none] to 4 [severe]), and the total score (sum of all
items) were calculated.

Nicotine PK Assessment
On Day 6, subjects in the study groups (except the
SS group) used a cigarette or stick of their assigned
investigational tobacco products, the same product for
the exposure assessment period, at the specified time
for the nicotine PK assessment, after abstaining from
the use of any tobacco products for at least 10 hours.
A baseline blood sample was taken (−10 minutes)
and then subjects used the assigned investigational
tobacco product ad libitum. Blood samples for plasma
nicotine analysis were obtained at 2, 4, 6, 8, 10, 15,
30, 60, 90, 120, and 240 minutes relative to the start
of product use. Plasma nicotine was analyzed by
liquid chromatography–tandem mass spectrometry
using validated analytical methods with appropriate
quality controls at Celerion. The PK parameters of
the maximum observed plasma concentration (Cmax),
time to reach Cmax (Tmax), and area under the plasma
concentration–time curve from time zero to the last
quantifiable concentration (AUC0–tlast) were calculated
by Phoenix WinNonlin, version 8.0 (Certara LP).

Safety
Safety outcomes, including an assessment of adverse
events (AEs), were recorded. These comprised any ab-
normal clinical findings from vital signs, clinical labo-
ratory tests, and physical examinations throughout the
study period following randomization.

Statistical Analysis
The primary study end points were differences in the
selected 15 BoE levels between the intervention study
groups (DT3.0a, THS, and SS groups) and the con-
trol group (CC group) and between the intervention
study group (mDT3.0a group) and the control group
(mCC group). The levels of BoE were ln-transformed,
and analysis of covariance was performed with the end
points observed at the end of exposure (Day 5) by study
group and site, with the baseline (Day−1) value as a co-
variate (2-sided significance level with 5% alpha level,
with Bonferroni-correlation for multiplicity due to 4-
way comparison, α = 0.05/4). The estimated differences
between the study groups and associated confidence in-
tervals (CIs; α = 0.05/4) were back-transformed to pro-
vide relative values (DT3.0a/CC, THS/CC, SS/CC, and
mDT3.0a/mCC).

Descriptive statistics of the daily product consump-
tion and nicotine equivalents results including percent-
age changes in values from baseline or Day 1 and end
points observed on Day 5 ([end point − baseline or
Day 1]/baseline × 100%) were presented. For the ques-
tionnaires, the descriptive statistics of changes in val-
ues were calculated from baseline and end points noted
on Day 5. Descriptive statistics were presented to de-
scribe the PK parameters (Cmax, Tmax, and AUC0–tlast)
from the plasma nicotine concentrations for each study
group.

Statistical analyses were performed using SAS Ver-
sion 9.4 (SAS Institute Inc.).

Results
Subject Demographics
In total, 289 participants were screened, and 92 sub-
jects were enrolled into the study in accordance with the
planned sample size (Figure S2). Two of these subjects
who were to be assigned to the SS group discontinued
the study before the exposure assessment period started.
The reasons for discontinuation were withdrawal of
consent/participation and failure to comply with the
protocol. The remaining 90 subjects (15 in each study
group) completed the study, either with use of investi-
gational tobacco products or as part of the SS group ac-
cording to assignment. Demographic characteristics of
the subjects are summarized in Table S1. Overall, there
were no notable differences in subject characteristics,
including age, sex, BMI, the tar values of the subject’s
usual brand of cigarettes, daily cigarette consumption
per day, and the Fagerström Test for Nicotine Depen-
dence score.

Product Consumption and Nicotine Uptake
Daily product consumption during the exposure assess-
ment period for each study group (except the SS group)
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Figure 1. Biomarkers of exposure level at final time point during exposure assessment period, in comparison with continuing smok-
ing (percentage reduction compared to the CC/mCC group). Percentage reduction values are presented as geometric least squares
mean ratios (percentage) and confidence intervals (α = 0.05/4) from analysis of covariance model performed on ln-transformed
Day 5 values with ln-transformed baseline value, study group and site as fixed effect factors on Day 5. 1-AN, 1-aminonaphthalene;
1-OHP, 1-hydroxypyrene; 2-AN, 2-aminonaphthalene; 3-HMPMA, 3-hydroxy-1-methylpropylmercapturic acid; 3-HPMA, 3-
hydroxypropyl-mercapturic acid; 3-OHBaP, 3-hydroxy-benzo[a]pyrene; 4-ABP, 4-aminobiphenyl; CEMA, 2-cyanoethylmercapturic
acid; DT3.0a, direct heating tobacco system, platform 3, generation 3, version a; eCO, exhaled carbon monoxide; HEMA, 2-
hydroxyethyl-mercapturic acid; mCC, menthol combustible cigarettes; mDT3.0a, menthol direct heating tobacco system, platform
3, generation 3, version a; MHBMA, monohydroxybutenyl-mercapturic acid; NNAL, 4-(methylnitrosamino)-1- (3-pyridyl)-1-butanol;
NNN,N-nitrosonornicotine; o-Tol, o-toluidine; S-PMA, S-phenylmercapturic acid; SS, stopping smoking; THS, tobacco heating system.

is shown in Table 2. In the CC and mCC groups, the
mean number of cigarettes smoked ranged from 12.9 to
13.3 cigarettes/day and from 13.8 to 14.2 cigarettes/day,
respectively, confirming that each subject maintained
±10% of their self-reported daily cigarette consump-
tion as required in the protocol. Following switching to
HTPs over 5 days, product consumption was generally
stable with % change (from Day 1 to Day 5) of 11.9%,
9.2%, and −0.4% for the DT3.0a, THS, and mDT3.0a
groups, respectively.

Table 2 shows the nicotine uptake levels from base-
line to Day 5, estimated by urinary nicotine equivalents
levels. Over the exposure assessment period, nicotine
uptake was generally stable in the CC and mCC groups
(14.1% and 1.8% from baseline to Day 5, respectively),
and decreased in the SS group (−89.3% from baseline
to Day 5). Following switching to HTPs over 5 days,
nicotine uptake was generally stable with percentage
changes (from baseline to Day 5) of 7.7%,−15.4%, and
−1.2% for the DT3.0a, THS, and mDT3.0a groups, re-
spectively.

Overall, product consumption and nicotine uptake
in the DT3.0a and mDT3.0a groups were generally sta-
ble over the exposure assessment period.

Biomarkers of Exposure
Reductions of BoE levels in the DT3.0a, mDT3.0a,
THS, and SS groups on Day 5 relative to the respec-
tive comparator groups (the CC or mCC groups) are

presented in Figure 1, with statistical data also shown
in Table S2.

In the SS group, the reductions (percentage) in 15
BoEs relative to the CC group ranged from −22.9%
to −96.6%, and there were statistically significant dif-
ferences between the SS group and the CC group for
14 BoE levels (exception: total 1-OHP). In the DT3.0a,
THS, andmDT3.0a groups, the reductions (percentage)
in 15 BoEs relative to the respective comparator groups
(the CC or mCC groups) ranged from −28.7% to
−97.5%, −42.0% to −96.8%, and −39.0% to −96.9%,
respectively. Except for total NNN in the DT3.0a and
mDT3.0a groups, a significant reduction in all BoEs
was observed on Day 5 in subjects who switched to the
HTPs as compared to the CC or mCC groups.

The reductions (percentage) relative to the CC group
on Day 5 were similar in magnitude in the HTP and SS
groups for each BoE except total NNN, based on over-
laps of 95% CIs of the reductions. For total 1-OHP in
the SS group, although there was no statistically signif-
icant difference compared with the CC group, the re-
ductions (percentage) in the SS group (95%CI,−43.6%
to 5.50%) were of similar magnitude to those in the
DT3.0a group (95% CI, −48.1% to −2.10%), THS
group (95% CI, −57.7% to −20.4%), and mDT3.0a
group (95% CI, −56.0% to −15.3%). For total NNN
in the DT3.0a group (95% CI, −65.3% to 4.40%) and
mDT3.0a group (95% CI, −65.2% to 2.90%), the re-
ductions relative to the CC group were slightly less than
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Table 2. Product Consumption and Nicotine Uptake Levels During Exposure Assessment Period

Product consumption
(sticks per day of the HTPs and cigarettes per day of the cigarettes)

Nicotine uptake levels
(nicotine equivalents, mg/mg creatinine)

Study groups Study groups

Mean (SD)
DT3.0a
(n = 15)

THS
(n = 15)

SS
(n = 15)

CC
(n = 15)

mDT3.a
(n = 15)

mCC
(n = 15) Mean (SD)

DT3.0a
(n = 15)

THS
(n = 15)

SS
(n = 15)

CC
(n = 15)

mDT3.0a
(n = 15)

mCC
(n = 15)

Baselinea 12.6 (2.1) 12.4 (2.2) 12.5 (2.0) 12.7 (4.2) 13.8 (2.5) 14.6 (6.8) Baselinea 6.6 (2.9) 7.5 (3.9) 6.5 (4.9) 6.7 (3.9) 6.5 (2.7) 6.5 (3.0)
Day 1 10.7 (4.0) 11.9 (3.7) – 12.9 (4.2) 10.6 (2.1) 14.2 (7.0)
Day 2 11.5 (3.8) 12.3 (3.5) – 13.1 (4.2) 9.47 (1.9) 13.9 (6.7)
Day 3 11.6 (3.2) 13.3 (4.1) – 13.3 (4.4) 10.0 (1.8) 14.1 (6.7) Day 3 6.8 (3.3) 6.6 (2.9) 0.9 (0.6) 7.3 (3.8) 6.0 (3.2) 6.6 (3.8)
Day 4 11.1 (3.5) 12.4 (4.5) – 12.9 (4.5) 9.73 (2.6) 13.8 (6.8)
Day 5 11.3 (3.5) 12.7 (4.0) – 13.2 (4.1) 10.5 (3.0) 14.1 (6.5) Day 5 6.8 (3.3) 6.2 (3.0) 0.4 (0.2) 7.2 (3.4) 6.5 (3.8) 6.8 (3.8)
Change from

Day 1 on
Day 5 (%)

11.9 (31.4) 9.15 (21.3) – 3.36 (8.6) −0.4 (24.3) 0.4 (6.2) Change from
baseline on
Day 5 (%)

7.7 (42.2) −15.4 (15.7) −89.3 (11.7) 14.1 (30.2) −1.2 (34.4) 1.8 (17.4)

CC, combustible cigarettes; DT3.0a, direct heating tobacco system, platform 3, generation 3, version a; HTPs, heated tobacco products; mCC, menthol combustible cigarettes; mDT3.0a, menthol direct
heating tobacco system, platform 3, generation 3, version a; SD, standard deviation; SS, stopping smoking; THS, tobacco heating system.
aAll subjects were requested to smoke their own brand of cigarettes ad libitum within ±10% of their self-reported daily consumption during the baseline period (Day –1).
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those in the THS group (95% CI, −80.0% to −40.2%),
and those in the SS group, which showed the largest re-
duction (95% CI, −96.3% to −89.0).

Levels of 15 BoEs at baseline, Day 3, and Day 5 for
the DT3.0a, THS, SS, CC, mDT3.0a, and mCC groups
are provided in Table S3. Frombaseline toDay 5, an ap-
parent general decrease in all BoE levels was observed
in the DT3.0a, THS, SS, and mDT3.0a groups.

Subjective Effects
Table 3 shows themean changes of the subjective effects
scores (QSU-Brief: Factor 1, Factor 2, and Total score;
mCEQ: Smoking Satisfaction, Psychological Reward,
Aversion, Enjoyment of Respiratory Tract Sensations,
and Craving Reduction; and MNWS: total score) from
baseline toDay 5. Except for Factor 1 of theQSU-Brief
administered to the THS group and “Aversion”subscale
of the mCEQ administered to the DT3.0a, THS, and
mDT3.0a groups, all groups showed a decrease in the
mean subscale scores onDay 5 as compared to the base-
line.

For most of the subjective effects scores, the mean
changes in scores from baseline to Day 5 for the
DT3.0a, THS, and mDT3.0a groups were not remark-
ably different from those for the CC and mCC groups.
However, based on overlaps of the 95%CIs of themean
changes, it is noteworthy that a decrease in the mCEQ
subscale of “Smoking Satisfaction” on Day 5 was ap-
parent for the DT3.0a (95% CI, −2.89 to −1.47) and
THS groups (95% CI, −3.02 to −1.20) when compar-
ing to the CC group (95% CI, −0.69 to 0.20). In addi-
tion, the mCEQ subscale of Enjoyment of Respiratory
Tract Sensations markedly decreased on Day 5 for the
THS group (95% CI, −3.21 to −1.19) in comparison to
the CC group (95% CI, 0.51–0.64).

Nicotine PK
Nicotine PK parameters calculated following use of
each investigational tobacco product are summarized in
the Table 4. Themean nicotine concentration–time pro-
files following a single use of assigned investigational
tobacco product are also shown in Figure 2, in which
the overall shapes of the curves can be seen to be similar
among the study groups. The mean Cmax and AUC0–tlast

were 30.1 ng/mL and 34.4 ng • h/mL for the CC group,
24.7 ng/mL and 29.3 ng • h/mL for the mCC group,
22.4 ng/mL and 29.2 ng • h/mL for the DT3.0a group,
18.7 ng/mL and 26.6 ng • h/mL for the THS group, and
25.7 ng/mL and 34.5 ng • h/mL for the mDT3.0a group,
respectively. These Cmax and AUC0–tlast for the DT3.0a,
THS, andmDT3.0a groups were notmarkedly different
from those for the respective comparator groups (the
CC or mCC group) based on overlap of the 95% CIs of
the mean values. Ta

bl
e
3.

C
ha
ng
es

of
Su
bj
ec
tiv
e
Ef
fe
ct
s
Sc
or
es

fr
om

Ba
se
lin
e
to

D
ay

5

St
ud

y
gr
ou

ps

D
T
3.
0a

(n
=

15
)

T
H
S
(n

=
15
)

C
C
(n

=
15
)

m
D
T
3.
0a

(n
=

15
)

m
C
C
(n

=
15
)

Q
SU

-B
ri
ef

–
Fa
ct
or

1
M
ea
n
(9
5%

C
I)

−0
.9
(−

7.
0
to

5.
1)

0.
3
(−

4.
1
to

4.
6)

−3
.1
(−

5.
1
to

−1
.2
)

−4
.3
(−

6.
5
to

−2
.0
)

−4
.1
(−

7.
3
to

−0
.9
)

Q
SU

-B
ri
ef

–
Fa
ct
or

2
M
ea
n
(9
5%

C
I)

−3
.2
(−

6.
1
to

−0
.3
)

−1
.5
(−

6.
7
to

3.
7)

−3
.1
(−

5.
4
to

−0
.8
)

−4
.8
(−

9.
0
to

−0
.6
)

−3
.6
(−

7.
0
to

−0
.2
)

Q
SU

-B
ri
ef

–
To

ta
ls
co
re

M
ea
n
(9
5%

C
I)

−4
.1
(−

12
.8
to

4.
6)

−1
.3
(−

10
.7
to

8.
1)

−6
.3
(−

10
.1
to

−2
.5
)

−9
.1
(−

15
.0
to

−3
.3
)

−7
.7
(−

14
.1
to

−1
.2
)

m
C
EQ

–
Sm

ok
in
g
sa
tis
fa
ct
io
n

M
ea
n
(9
5%

C
I)

−2
.2
(−

2.
9
to

−1
.5
)

−2
.1
(−

3.
0
to

−1
.2
)

−0
.2
(−

0.
7
to

0.
2)

−1
.9
(−

3.
0
to

−0
.7
)

−0
.6
(−

1.
2
to

0.
1)

m
C
EQ

–
Ps
yc
ho

lo
gi
ca
lr
ew

ar
d

M
ea
n
(9
5%

C
I)

−1
.0
(−

1.
7
to

−0
.2
)

−1
.4
(−

2.
0
to

−0
.7
)

−0
.4
(−

1.
0
to

0.
1)

−1
.7
(−

2.
5
to

−0
.8
)

−0
.6
(−

1.
1
to

0.
0)

m
C
EQ

–
A
ve
rs
io
n

M
ea
n
(9
5%

C
I)

0.
2
(−

0.
4
to

0.
7)

0.
0
(−

0.
3
to

0.
3)

0.
1
(−

0.
4
to

0.
5)

−0
.2
(−

0.
9
to

0.
4)

−0
.6
(−

1.
3
to

0.
0)

m
C
EQ

–
En

jo
ym

en
t
of

re
sp
ir
at
or
y

se
ns
at
io
ns

M
ea
n
(9
5%

C
I)

−1
.4
(−

2.
5
to

−0
.3
)

−2
.2
(−

3.
2
to

−1
.2
)

0.
1
(−

0.
5
to

0.
6)

−1
.9
(−

2.
8
to

−0
.9
)

−0
.5
(−

1.
3
to

0.
3)

m
C
EQ

–
C
ra
vi
ng

re
du

ct
io
n

M
ea
n
(9
5%

C
I)

−1
.9
(−

3.
0
to

−0
.8
)

−2
.0
(−

2.
8
to

−1
.2
)

−0
.7
(−

1.
6
to

0.
1)

−1
.5
(−

2.
8
to

−0
.3
)

−0
.9
(−

1.
9
to

0.
0)

M
N
W

S
–
To

ta
ls
co
re

M
ea
n
(9
5%

C
I)

−1
.6
(−

4.
1
to

0.
9)

−4
.0
(−

6.
1
to

−1
.9
)

1.
0
(−

4.
0
to

6.
0)

−2
.9
(−

5.
0
to

−0
.7
)

−2
.7
(−

6.
2
to

0.
8)

C
I,
co
nfi

de
nc
e
in
te
rv
al
;C

C
,c
om

bu
st
ib
le
ci
ga
re
tt
es
;D

T
3.
0a
,d
ir
ec
t
he
at
in
g
to
ba
cc
o
sy
st
em

,p
la
tfo

rm
3,
ge
ne
ra
tio

n
3,
ve
rs
io
n
a;
m
C
C
,m

en
th
ol

co
m
bu
st
ib
le
ci
ga
re
tt
es
;m

C
EQ

,m
od

ifi
ed

C
ig
ar
et
te

Ev
al
ua
tio

n
Q
ue
st
io
nn

ai
re
;m

D
T
3.
0a
,m

en
th
ol

di
re
ct

he
at
in
g
to
ba
cc
o
sy
st
em

,p
la
tfo

rm
3,
ge
ne
ra
tio

n
3,
ve
rs
io
n
a;
M
N
W

S,
M
in
ne
so
ta

N
ic
ot
in
e
To

ba
cc
o
W

ith
dr
aw

al
Sc
al
e;
Q
SU

-B
ri
ef
,Q

ue
st
io
nn

ai
re

on
Sm

ok
in
g
U
rg
es
–

Br
ie
f;
SS
,s
to
pp

in
g
sm

ok
in
g;
T
H
S,
to
ba
cc
o
he
at
in
g
sy
st
em

.

 21607648, 0, D
ow

nloaded from
 https://accp1.onlinelibrary.w

iley.com
/doi/10.1002/cpdd.1322 by Infotrieve, W

iley O
nline L

ibrary on [08/09/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense
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Table 4. Nicotine PK Parameters

Study groups

DT3.0a (n = 15) THS (n = 15) CC (n = 15) mDT3.0a (n = 15) mCC (n = 15)

Cmax (ng/mL) Mean (95% CI) 22.4 (16.1–28.7) 18.7 (14.3–23.2) 30.1 (21.0–39.2) 25.7 (18.7–32.8) 24.7 (19.0–30.4)
AUC0–tlast (ng • h/mL) Mean (95% CI) 29.2 (19.5–38.9) 26.6 (17.1–36.1) 34.4 (24.3–44.6) 34.5 (26.8–42.1) 29.3 (22.1–36.5)
Tmax (min) Mean (95% CI) 5.9 (3.7–8.1) 3.7 (3.0–4.3) 4.7 (3.6–5.9) 6.6 (5.6–7.6) 4.6 (3.8–5.4)

AUC0–tlast, the area under the plasma concentration versus time curve from time 0 to the last quantifiable concentration; Cmax, maximum observed
plasma concentration; CC, combustible cigarettes; CI, confidence interval; DT3.0a, direct heating tobacco system, platform 3, generation 3, version a;
mCC,menthol combustible cigarettes;mDT3.0a,menthol direct heating tobacco system,platform 3, generation 3, version a; SS, stopping smoking;THS,
tobacco heating system; Tmax, time to reach maximum observed plasma concentration.

Figure 2. Plasma nicotine concentration-time curve. CC, combustible cigarettes; DT3.0a, direct heating tobacco system, platform 3,
generation 3,version a;mCC,menthol combustible cigarettes;mDT3.0a,menthol direct heating tobacco system,platform 3,generation
3, version a; SE, standard error; SS, stopping smoking; THS, tobacco heating system.

The mean Tmax values were 4.72 minutes for the CC
group, 4.59 minutes for the mCC group, 5.91 minutes
for the DT3.0a group, 3.65 minutes for the THS group,
and 6.59 minutes for the mDT3.0a group. While no
marked difference in Tmax was observed between the
DT3.0a and THS groups and CC group based on over-
lap of the 95% CIs, Tmax for the mDT3.0a group (95%
CI, 5.62–7.56 minutes) was longer than that for the
mCC group (95% CI, 3.81–5.37 minutes) without over-
lap of 95% CIs.

Safety
No exposure period AEs were reported in the study.
Before the exposure assessment period, mild AEs
(headache, vomiting and nausea) occurred in 1 subject
who was to be assigned to the SS group. Although all

AEs were resolved during the day, the investigator de-
cided to discontinue this subject due to a failure to com-
ply with the protocol. There were no other AEs, no clin-
ically significant abnormalities in clinical and physio-
logical laboratory values, or any deaths or serious AEs
in the study.

Discussion
There has been a growing interest in the research of
novel tobacco and nicotine products, which can reduce
the harmful substances associated with combustion of
tobacco in cigarettes. Scientific evidence that shows a
reduction of human exposure to tobacco toxicants is a
key component to gain early insight into the potential
for reduced risk of novel tobacco and nicotine products.
Here, we report data from a randomized, controlled,
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open-label, confinement study in healthy adult Japanese
smokers conducted to evaluate the effect of switching
from a cigarette to nonmenthol and menthol variants
of the novel HTP/DT3.0a product on BoE. In addition,
BoE levels were assessed in subjects who switched to
using an in-market HTP/THS, or who completely ab-
stained from any tobacco product use. This study was
conducted under highly controlled and short-term con-
finement conditions to assess exposure associated with
the exclusive use of the assigned investigational tobacco
products. Furthermore, randomization was performed
for nonmenthol and menthol smokers separately to as-
sign them into the nonmenthol and menthol variants
of the DT3.0a (DT3.0a and mDT3.0a) groups, respec-
tively, to mitigate possible impacts of flavor change on
the results.

In the present study, exposure to most of the mea-
sured 15 BoEs were significantly reduced, following
switching to novel (DT3.0a and mDT3.0a products)
and in-market HTPs (THS) for 5 days. Except for to-
tal NNN, relative BoE reduction (percentage) in the
DT3.0a and mDT3.0a groups compared to the CC and
mCC groups ranged from− 36.3% to− 97.5%. The re-
ductions were similar in magnitude with those observed
in the SS (− 22.9% to− 96.6%) and THS groups (−
42.0% to − 96.8%). Similarly, previous studies have
shown that switching from CC to HTPs led to signifi-
cant reductions in exposure to HPHCs in comparison
with continuing smoking and the magnitude of these
reductions was similar to that observed for smoking
cessation.6–13

For total 1-OHP, all HTP groups showed marked re-
ductions relative to the CC and mCC groups (−28.7%
to−39.0%). However, the SS group showed a small
reduction in total 1-OHP relative to the CC group
(−22.9%), and no statistically significant reduction was
observed between the SS and CC groups. In the SS
group, mean total 1-OHP decreased from baseline
(234 pg/mg creatinine) to Day 3 (138 pg/mg creati-
nine) but increased on Day 5 (198 pg/mg creatinine,
as shown in Table S3). A similar change in total 1-
OHP was also observed in another published confine-
ment study with less dietary restriction, in which sub-
jects were provided several foods that could have re-
sulted in increased polycyclic aromatic hydrocarbon ex-
posure such as fried chicken and grilled fish.12 In the
present study, to minimize influences on the BoE results
from factors other than use of the assigned tobacco
products, all subjects were provided with the same diet
without grilled or smoked foods, and subjects were not
permitted to access smoking areas designated for us-
ing the other investigational tobacco products. Never-
theless, this change of the total 1-OHP values in the
present study was observed in the SS group, and more-
over, a similar change was also observed in the DT3.0a

group (262, 169, and 204 pg/mg creatinine from base-
line to Day 5, as shown in Table S3) but not observed
in other groups. Total 1-OHP has been measured as
a substitute BoE for benzo[a]pyrene; however, recently
3-OH-BaP has become widely measured as a BoE for
benzo[a]pyrene. In addition, pyrene is not included in
the list of HPHCs established by the FDA. Consider-
ing such inconsistent changes in total 1-OHP during
confinement, it is worth reconsidering use of total 1-
OHP in assessments for exposure to cigarette smoke
constituents in further studies.

While the SS and THS groups showed statistically
significant reductions in total NNN relative to the CC
group (−93.7% and −65.4%, respectively), the total
NNN reduction in the DT3.0a and mDT3.0a groups
was not statistically significant relative to the CC and
mCC groups (−39.8% and −40.2%, respectively). A
decreasing directional trend in total NNN levels was
observed in all HTP groups from baseline to Day 5,
but mean total NNN on Day 5 in the DT3.0a and
mDT3.0a groups (1.88 and 4.19 pg/mg creatinine, re-
spectively) was higher than that found in the THS
group (1.53 pg/mg creatinine, as shown in Table S3).
This may be explained by noting that the amounts of
NNN in a vapor generated under the same machine
vaping condition were 18.8 ng/stick for the DT3.0a
product and 37.2 ng/stick for the mDT3.0a product,
whereas the NNN concentration was 17.2 ng/stick for
the THS product.18 In addition, it has been reported
that the amounts of constituents generated from HTPs
are known to be varied depending on individual puff-
ing behavior.24,25 In the present study, it was confirmed
that the amounts of constituents, including NNN, gen-
erated by theDT3.0a andmDT3.0a products varied de-
pending on puffing topography (data not shown). Thus,
relatively higher amounts of NNN emissions from the
DT3.0a and mDT3.0 as compared to the THS and the
fact that variations in NNN emissions depend on in-
dividual puffing patterns potentially explain nonsignif-
icant reductions of total NNN exposure in the DT3.0a
and mDT3.0a groups.

Daily product consumption was generally stable in
all study groups (within ±11.9% change from Day 1 to
Day 5) except for the SS group. Nicotine uptake levels
were also stable, within ±15.4% change from baseline
to Day 5 in all study groups except the SS group. Pre-
vious studies also reported that product consumption
and nicotine uptake were generally stable after switch-
ing to HTPs from cigarettes.7–12,14,26–30

In the draft guidance, the FDA recommends ap-
plicants to acquire information relating to the abuse
liability of candidate MRTP. Although there are no
predetermined abuse liability testing methods for to-
bacco products, the subjective effects of product use
are thought to be one of the informative elements
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Nishihara et al. 11

for assessment.31 In this study, subjective effects were
assessed by using the QSU-Brief, mCEQ, and MNWS
questionnaires, which have been used in clinical studies
in relation to tobacco product use. The mean subjective
effects scores from baseline to Day 5 in all HTP groups
were generally stable or slightly decreased. When com-
paring the results between groups, mean changes of the
scores in all HTP groups were not markedly different
from those in the CC and mCC groups, expect that
Smoking Satisfaction (in the DT3.0a and THS groups)
and Enjoyment of Respiratory Tract Sensations (in
the THS group) decreased as compared to the CC
group. This would suggest that, from the perspective
of subjective effects results in the present study, abuse
liability of HTPs use did not exceed that of cigarette
smoking.

In addition to the subjective effects, nicotine PK is
one of the potential factors of abuse liability assess-
ment, and the FDA recommends applicants to include
it as a part of the assessment for MRTP. Nicotine PK
parameters (Cmax, AUC0–tlast, and Tmax) in the HTP
groups were not markedly different from those in the
CC and mCC groups, based on the overlaps of the 95%
CIs of the mean values, except that Tmax was delayed in
the mDT3.0a group in comparison to the mCC group.
A similar trend was observed in the DT3.0a group,
where mean Tmax was slightly longer than in the CC
and THS groups. It has been reported previously that
Tmax following use of the THS product was detected
immediately after product use.32 The THS product is
designed to deliver 14 puffs per tobacco stick within a
maximum of 6 min. Since the mean Tmax of the THS
group in the present study was 3.65 minutes, it can be
assumed that the subjects tended to finish THS product
use before 6 minutes when the subjects took 14 puffs of
the THS. In contrast, the DT3.0a and mDT3.0a prod-
ucts have no puff count limit and can be continuously
used up to approximately 5 minutes, which may lead to
a relatively longer Tmax for the DT3.0a and mDT3.0a
groups. However, the relationship between Tmax and
product use duration still remains unclear, as product
use duration was not measured in the present study. Re-
sults obtained in the present study would suggest that
the abuse liability of the DT3.0a and mDT3.0a prod-
ucts did not exceed those of cigarettes and THS in the
context of nicotine PK, since nicotine deliveries from
the DT3.0a and mDT3.0a products were not higher or
faster than those of the comparators. However, further
detailed analysis is required to confirm these interpre-
tations, during which nicotine PK of DT3.0a/mDT3.0a
product use could be conducted in conjunction with
capturing product use behavior (eg, product use dura-
tion) as well as employing a crossover design, which
will mitigate impacts of between-subjects difference
on results.

No adverse events nor clinically significant findings
were observed in this study in relation to investigational
tobacco product use, suggesting that no safety concerns
are expected during short-term use of these HTPs.

We also compared outcome measures between
the nonmenthol and menthol flavors of the DT3.0a
(DT3.0a and mDT3.0a) groups as an exploratory ap-
proach. For all measured BoEs, the magnitude of re-
ductions was not remarkably different between the
DT3.0a and mDT3.0a groups, based on overlap of
95% CIs of the reductions. Overall, product consump-
tion and nicotine uptake in the DT3.0a and mDT3.0a
groups were stable over the exposure assessment pe-
riod. No remarkable difference was observed between
the DT3.0a and mDT3.0a groups for all subjective ef-
fects scores and nicotine PK parameters, based on over-
lap of 95% CIs of the mean changes. With respect to
product safety, no exposure period AEs was observed
for either of the DT3.0a or mDT3.0a groups. Overall,
the present study showed no remarkable differences in
any outcome measures on comparison between non-
menthol and menthol flavors of the DT3.0a (DT3.0a
and mDT3.0a groups).

Limitations
Among the 15 BoEs measured in the present study, to-
tal NNAL has a longer half-life (10–18 days) than the
other BoEs with half-lives of approximately 2 days or
shorter. A larger decrease in total NNAL levels was re-
ported as results of longer duration of switching from
smoking to HTPs up to 360 days.11,33,34 Therefore, the
magnitude of total NNAL reduction might be limited
in a short-term switching design of the present study.
While the current confinement study design provides
benefits to assess reduction in exposure when smok-
ers exclusively switch to the assigned products while
minimizing confounding factors as much as possible,
results must be interpreted within the context of the
study’s limitations. For example, the study duration was
short, while it is known that a user of tobacco prod-
ucts needs time to adapt their use behavior to a new
product. Although consumption was relatively stable in
HTP groups in this study, the possibility still remains
that some of the subjects might not have fully adapted
to their assigned HTPs. In addition, the study does
not provide insight into the impact of flavor choices
that may be made in the real world, where smokers
can choose any flavor variants of HTP when switching
from cigarettes. In the future, it would be beneficial to
evaluate whether reducedHPHC exposure is associated
with reduced risk of smoking-related diseases by eval-
uating candidate biomarkers of potential harm, as well
as gathering scientific evidence of actual risk reduction
under more real-world conditions.
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Conclusions
Significant reductions in exposure to most of the se-
lected HPHCs relative to smoking continuation were
indicated from the present study with a 5-day con-
finement setting performed in adult healthy Japanese
smokers. Reductions in exposure to most of the se-
lected HPHCs observed in the novel HTP groups were
similar in magnitude with those observed in the SS
and in-market HTP/THS groups. Additionally, the
result suggested that flavor difference would not have
remarkable impacts on these outcome measures, when
switching from cigarettes to the DT3.0a product within
the same flavor group.
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