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ABSTRACT

Objective To systematically review available data

on the effects of heated tobacco products (HTPs) on
biomarkers of potential harm (BoPH) and adverse events,
including comparison to cigarettes, e-cigarettes and
smoking abstinence.

Data sources Web of Science, Scopus, MedRxiv,
ClinicalTrials.gov, ICTRP database and HTP manufacturer
libraries were searched from January 2010 to December
2024,

Study selection Included studies were interventional
clinical trials of any design that measured BoPH or
adverse events in adults assigned a marketed HTP

and another assigned either cigarettes, e-cigarettes or
smoking abstinence.

Data extraction Two reviewers independently
extracted data into a predesigned form and assessed risk
of bias using Cochrane’s Risk of Bias tool version 1.
Data synthesis BoPH data were synthesised using
effect direction plots. A random-effects model was

used to calculate pooled risk ratios for adverse event
data. 40 studies (10 independent, 29 industry-affiliated
and 1 of unclear affiliation) were included. Only nine
studies lasted longer than 5days. 19 involved using

the intervention just once. Risk of bias was high for 32
studies and unclear for 8. Data on 143 BoPH indicated
short-term HTP use had mixed effects compared with
cigarettes, e-cigarettes and smoking abstinence. The rate
of adverse event reporting was not significantly different
between HTP and any comparator group.

Conclusions Despite a growing evidence base,
significant limitations hinder interpretation of the data,
which do not yet provide clear indication of harm or
benefit, even compared with cigarettes. Longer, better
quality studies independent of tobacco industry funding
are needed to determine the health impacts of HTPs.

INTRODUCTION

Heated tobacco products (HTPs) are designed
to heat processed tobacco, instead of burning it
like cigarettes, to produce an aerosol containing
nicotine and other chemicals." Like electronic
cigarettes (e-cigarettes), HTPs use an electronic
component, but unlike e-cigarettes, HTPs contain
tobacco leaf. The use of HTPs is increasing glob-
ally® This is partly attributable to the tobacco
industry’s marketing, including claims that HTPs
are ‘smoke-free’, ‘reduced-risk’ and ‘alternatives’
to cigarettes.>™ Whether HTPs are ‘smoke-free’
or ‘alternatives’ to cigarettes has been contested
by independent research.®” However, the health

% Jamie Hartmann-Boyce,>* Anna Gilmore'~

risks of HTPs and whether these risks are reduced

compared with cigarettes remains unclear.5'°

We previously critically appraised the conduct and
reporting of interventional clinical trials on HTPs.'!
We found they were limited in quantity and quality.
Most were funded by the tobacco industry, which
has a history of scientific misconduct and hiding the
harms of its products.’* In the absence of alterna-
tives, data from these trials is used by policy-makers
and regulators to inform life-changing decisions.
For example, many of the existing trials were used
to attain a marketing order for long-standing HTP
leader, IQOS, from the US Food and Drug Admin-
istration (FDA), which is currently up for renewal.'
The uncertainties around the evidence to date exac-
erbate the challenges of regulators facing rising use,
relentless harm reduction marketing and pressure
from the tobacco industry to ease regulations for
HTPs. Thus, despite concerns over quality and bias,
synthesising the available data in this evolving area
remains essential to provide clarity on the current
state of evidence.

To our knowledge, biomarkers of potential harm
(BoPH) and adverse event data from HTP clinical
trials have yet to be systematically synthesised. In
the absence of long-term epidemiological data, such
indicators of clinical risk are particularly important
to estimate the potential health impacts of HTPs.
Further, previous reviews have often only included
peer-reviewed literature,” *'° despite grey litera-
ture containing a significant portion of the available
data."!

Building on our previous review, we aimed to
present, as comprehensively as possible, the avail-
able data on the effects of HTPs on BoPH and
adverse events. To achieve this, we sought to:

1. Identify available BoPH and adverse event data
from clinical trials examining HTP use.

2. Examine the effect of HTP use on BoPH and
adverse events.

3. Compare the effects of HTP use to those of
cigarettes, electronic cigarettes (e-cigarettes)
and smoking abstinence on BoPH and adverse
events.

METHODS

This review builds on our previous review.'' We
followed PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) guide-
lines'” and a protocol was registered on PROS-
PERO  (CRD42021286807,  https://www.crd.
york.ac.uk/prospero/display_record.php?ID=
CRD42021286807).

BM) Group
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Search strategy

We used the same search strategy as in the previous review
(https://www.crd.york.ac.uk/PROSPEROFILES/240676
STRATEGY 20210429.pdf). In brief, Web of Science (Core
Collection and MEDLINE), Scopus, MedRxiv, ClinicalTrials.
gov, the International Clinical Trials Registry Platform (ICTRP)
and transnational HTP manufacturers’ (Philip Morris Interna-
tional, PMI; British American Tobacco, BAT; Japan Tobacco
International, JTI; Imperial Brands, IB) publication databases
were searched using HTP and clinical trial terminology. Searches
were restricted to literature published after 1 January 2010 to
exclude studies on HTPs not available on the market during the
past decade. The most recent searches were run on 5 December
2024.

Study selection

Literature was managed in Covidence. Following removal of

duplicates, eligibility screening was piloted by two reviewers

on 20% of the literature. Titles and abstracts from the updated
searches were screened independently by two reviewers (SD and

SB). The same reviewers then independently assessed the full-

text articles against the eligibility criteria. Disagreements were

resolved via discussion. Cohen’s kappa (k) was calculated to
measure inter-rater agreement.

Eligibility criteria:

» Design: interventional clinical trials (in which human partic-
ipants are prospectively assigned an intervention to evaluate
its effects on health-related outcomes)'® of any design and
setting. Studies did not need to be peer-reviewed.

» Population: adult cigarette smokers and non-smokers (as
defined by study authors).

» Intervention: HTPs marketed within the last decade.

» Comparison: combustible cigarettes, e-cigarettes or smoking
abstinence (as defined by study authors).

» Outcome: BoPH or adverse events.

BoPH comprise any outcome that measures an effect due to a
potentially harmful exposure, such as clinical endpoints, surro-
gate markers and biomarkers of risk or effect.”” Adverse event
data were differentiated into serious adverse events and all other
adverse events, as defined by study authors.

Data extraction

Two reviewers (SD and SB) independently extracted study char-
acteristics (trial registration ID, sponsor, affiliation, design,
intervention groups), BoPH and adverse event data into a prede-
signed and piloted form in Covidence. BoPH data extracted were
units, time point and analysis population for each biomarker,
and mean, variance (SD or CIs) and the number of participants
at baseline and last follow-up for HTP cigarette, e-cigarette and
smoking abstinence groups. Where baseline and last follow-up
data were not reported, change from baseline and between-
group differences were extracted as available.

The number of adverse and serious adverse events, the number
of participants reporting these events and any information on the
types of adverse events reported for each group were extracted.

Two reviewers (SB and SD) independently coded whether
trials were associated with the tobacco industry using the coding
scheme from the previous review (online supplemental appendix

1.

Risk of bias assessment
Risk of bias was assessed using the Cochrane Risk of Bias tool
version 1%°; the preferred version of the Cochrane Tobacco

Addiction Review Group. Following guidance in the Cochrane
Handbook for Systematic Reviews of Interventions?® and from
the Cochrane Tobacco Addiction Review Group,®! we assessed:
random sequence generation; allocation concealment; blinding
of participants and personnel; blinding of outcome assessment;
incomplete outcome data; selective outcome reporting and other
sources of bias. Recognising the difficulties in blinding studies
involving visually distinct products, blinding of outcome assess-
ment was rated low for unblinded trials in which the outcomes of
interest for our review were objectively measured (eg, biochem-
ical measures) and high in cases of self-report. Blinding of partic-
ipants and personnel was rated low for unblinded trials in which
the control(s) was an active intervention (eg, e-cigarettes or
nicotine replacement therapy) of similar intensity (ie, all arms
received the same co-interventions and/or support). Random
sequence generation and allocation concealment domains were
rated high for all non-randomised trials. Overall risk of bias
was rated ‘low’ when there was low risk of bias in all domains,
‘unclear’ when there was unclear risk of bias in =1 domains, or
‘high” when there was high risk of bias in =1 domains.*’

The assessment was piloted in our previous review.'' Two
reviewers (SD and SB) independently performed assessments.
Risk of bias plots were generated using RobVis.**

Data synthesis

Due to the quantity of different biomarkers measured, a paucity
of studies measuring the same biomarkers, and heterogeneity of
the data, we could not perform meta-analyses of BoPH data.
Instead, we used effect direction plots. We identified the direc-
tion of effect for each biomarker between HTP and comparator
arms at last follow-up. Although not our primary objective, we
also established the direction of effect between baseline and last
follow-up within just the HTP arms.

Statistical significance or magnitude of effect was not taken
into consideration, as recommended by Cochrane.” We deter-
mined whether the direction represented a beneficial or harmful
effect based on information provided in included studies, clinical
literature and effects caused by smoking or cessation. The direc-
tion indicative of harm for each biomarker is detailed in online
supplemental table 1), alongside supporting literature. We deter-
mined the direction of effect on an intention-to-treat basis where
possible. It was not possible to determine whether a change in
reversibility in forced expiratory volume in 1 s, weight and waist
circumference constitutes a beneficial or harmful effect without
examining individual-level data. Therefore, these outcomes were
excluded from analyses.

We conducted meta-analyses to investigate the relative risk
of adverse events and serious adverse events following HTP
use and cigarette use, e-cigarette use or smoking abstinence.
Risk ratios (RRs) and 95% CIs were calculated for each trial
using the number of participants that reported adverse events
and combined using a Mantel-Haenszel random-effects model
in RevMan V.5.4.1. To avoid unit-of-analysis error, cross-over
studies were excluded from this analysis. For studies with more
than two intervention arms, data were combined across arms
of the same intervention type (ie, HTPs, cigarettes or e-ciga-
rettes). Data not included in the meta-analyses were synthesised
narratively.

Under confined conditions (ie, controlled environments, like
residential clinics), participants cannot deviate from the assigned
intervention. Thus, the data from such studies represent exclu-
sive use. Under ambulatory conditions (ie, uncontrolled envi-
ronments, like participants’ homes) participants can deviate, for
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example, reverting to smoking. Thus, the data from ambulatory
trials better emulate real-world use. Confined and ambulatory
studies are discussed separately and subgrouped in meta-analyses.

RESULTS

Included studies

Overall, searches identified 1634 records (online supple-
mental figure 1). Of these, 100 records relating to 40 studies
met the inclusion criteria. There was good and very good**
inter-rater agreement for screening (k=0.69) and eligibility
assessment (k=0.88), respectively. We found three addi-
tional trial registrations via the ID number referenced in
studies already included, meaning a total of 103 records
were included.

10 studies had no known tobacco industry affiliation (ie,
independent), 29 were industry-affiliated and 1 affiliation
was unclear for one study in which an HTP manufacturer
provided the devices but, according to study authors, had
no other involvement (table 1). 38 studies included at least
one cigarette arm. Only six included at least one e-ciga-
rette arm and nine included at least one smoking abstinence
arm. Participants assigned HTPs in all but one study were
current smokers at the time of enrolment and were exposed
via inhalation (ie, used the HTP as designed). Participants
in a novel clinical study (Dalrymple, 2022) were non-
smokers and rather than use the interventions, their skin
was exposed to product emissions. Given these differences,
we discuss this study separately. Of the remaining 39 trials,
31 were conducted in confined settings, three in ambula-
tory, and five had a short confinement period immediately
followed by an ambulatory period. As per our methods, we
extracted last follow-up data, which in the latter five meant
the end of the ambulatory period and not from the initial
confinement period. Most trials had durations of 5 days or
less, with participants in 19 trials only using the interven-
tion once (single use, eg, one cigarette or heat stick) or for
similarly short durations (eg, 14 puffs or 5-7 min). Only
nine trials were longer, with the longest being 12 months.
One trial included a single-use period followed by 90 min of
use. Data were extracted from both periods as the mode of
exposure differed (ie, restricted then ad libitum) and there
was a 30 min break in-between.

Risk of bias

32 studies were rated high risk of bias, and unclear in the
remaining eight. Risk of bias judgements for each study are
provided in online supplemental table 2 and figures 2 and 3.
The most common reasons for high risk of bias were inad-
equate blinding of participants and personnel (30 studies)
and selective outcome reporting (13 studies).

Selection bias could not be assessed in*® because the unit
of assignment was areas of skin on each participant. The
Cochrane RoB tool is designed to assess trials in which indi-
viduals are the unit of assignment.

Impact on biomarkers of potential harm

Excluding Dalrymple, 2022, 24 studies measured BoPH.
10 were independent (exposure duration range: single
use—90 min; 4 high and 6 unclear risk of bias), 13 were
industry-affiliated (5days to 12 months; all high risk of
bias) and 1 had unclear affiliation (21 days; high risk of
bias) (table 1). From these, we extracted data on 159 unique
outcomes, which measured 143 BoPH. There were more

outcomes than biomarkers because some were measured
in different ways, such as the same spirometry parameters
being measured prebronchodilator and postbronchodilator.
The biomarkers covered cardiovascular function, endothe-
lial dysfunction, inflammation, respiratory function, meta-
bolic syndrome (including lipid metabolism and metabolic
status), oral health, oxidative stress and platelet function.

11 studies measuring BoPH compared exclusive HTP
and cigarette use under confined conditions. Three were
industry affiliated (all 5 days; all high risk of bias) and eight
were independent (single use—90 min; three high and five
unclear risk of bias). Among these studies, HTPs had largely
beneficial effects on biomarkers of cardiovascular func-
tion, endothelial dysfunction, oxidative stress and platelet
function, compared with cigarettes (figure 1). One study
found HTPs had a harmful effect on central and peripheral
obstruction (respiratory function; figure 1).

Nine studies compared HTPs and cigarettes under ambu-
latory conditions: eight industry-affiliated (90 days to 12
months; all high risk of bias) and one of unclear affiliation
(21 days; high risk of bias). Data from these studies indi-
cated HTPs had mostly beneficial effects compared with
cigarettes on biomarkers of endothelial dysfunction, respi-
ratory function, metabolic syndrome, oxidative stress and
platelet function (figure 2). Directions of effect were mixed
for cardiovascular function and oral health markers. While
HTPs had beneficial effects on a few inflammation markers,
especially white cell count, harmful effects were observed
across a wide array of inflammation markers in one study
(NCT03364751).

Four studies under confined conditions compared HTPs
and e-cigarettes (all independent); findings were mixed
(figure 3). Data from two studies (NCT03301129, single
use, unclear risk of bias; and DRKS00012919, single use,
high risk of bias) indicated exclusive use of HTPs had largely
beneficial effects compared with e-cigarettes on biomarkers
of cardiovascular function, endothelial dysfunction, oxida-
tive stress and platelet function. However, the other two
studies (NCT03435562, single use plus 90 min, high risk of
bias; and Lopez 2016, single use, unclear risk of bias) indi-
cated HTPs had harmful effects on biomarkers of cardio-
vascular function compared with e-cigarettes. None of the
ambulatory studies included an e-cigarette arm.

Four studies compared HTPs with smoking abstinence
under confined conditions: two industry-affiliated (both
5 days; high risk of bias) and two independent (both 14 min;
unclear risk of bias). Data from these indicate exclusive HTP
use had a beneficial effect on an oxidative stress biomarker,
but largely harmful effects on cardiovascular function,
endothelial dysfunction and platelet function (figure 4A).
Contrasting effects were observed for two inflamma-
tion biomarkers. Three studies also compared HTPs to
smoking abstinence under ambulatory conditions (all
industry-affiliated and high risk of bias; ISRCTN81075760,
NCT01970995, NCTO01989156). Directions of effect
were mixed both within and across studies, especially
for biomarkers of inflammation and metabolic syndrome
(figure 4B).

We also synthesised the effect HTPs had on BoPH over
time in smokers assigned to use HTPs (ie, within arm anal-
yses of baseline vs last follow-up in HTP arms). Exclusive
HTP use in smokers under confined settings had mostly
harmful effects on biomarkers, namely markers of cardio-
vascular function, endothelial dysfunction, inflammation,
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Table 1  Overview of included studies
Study Sponsor Design Setting E e duration E e mode Intervention arms Risk of bias
Industry-affiliated  ISRCTN13439529* BAT Crossover  Confined Single use Inhaled; ad libitum HTPs (Glo1.0; Glo1.1), CC (own brand), High
&R RCT NRT (Nicorette inhaler)
ISRCTN14301360/UMIN000024988*  BAT Parallel RCT Confined 5days Inhaled; ad libitum HTPs (Glo1.0 regular; Glo1.0 menthol;  High
3 1QOS), CCs (Lucky Strike regular; Lucky
Strike menthol), SA (all nicotine)
ISRCTN80651909* BAT Parallel RCT Confined 5days Inhaled; ad libitum HTPs (Glo; unknown), CC (Lucky Strike  High
564 regular), EC (IS1.0(TT) prototype), SA
(all nicotine)
ISRCTN81075760* BAT Parallel RCT Ambulatory 12 months Inhaled; ad libitum HTPs (Glo1.1; THD2.4T20), CC (own High
EBE brand), SA (smoking)
Dalrymple, 2022 BAT Novel skin ~ Confined 32 puffs Skin stained; restricted  HTP (Glo1.0), CC (commercial cigarette Unclear
B stain study ‘N491"), EC (Vype ePen 3)
NCT05114863* RAI Services Crossover  Confined HTP: 3—-4 min Inhaled; ad libitum Regular HTPs (NeoSmooth Standard;  High
nn’ (BAT) RCT CC: 5min NeoSmooth Boost; NeoCLICK
NRT: 30 min uncrushed), Menthol HTPs (NeoFresh
Standard; NeoFresh Boost; NeoSmooth
Boost; NeoCLICK), NRT (Nicorette
gum), CCs (own brand regular;
menthol)
NCT06093659*74 ™ Imperial Brands ~ Crossover ~ Confined 5days Inhaled; ad libitum HTPs (PULZE 2.0 Balanced Blue; Rich  High
RCT Bronze), Heated herbal products
(PULZE 2.0 Forest Berry; Summer
Watermelon), CC (own brand)
NCT05459857* Imperial Brands ~ Crossover  Confined 5days Inhaled; ad libitum HTPs (PULZE intense; regular; High
W RCT menthol), CC (own brand)
UMIN000017297* Im Crossover  Confined 10 puffs Inhaled; restricted HTP (novel tobacco vapour product), High
WD RCT CC (unknown)
UMIN000025777* m Parallel RCT Confined 5days Inhaled; ad libitum HTP (novel tobacco vapour product),  High
- CC (own brand), SA (smoking)
UMIN000041539* il Parallel RCT Confined 5days Inhaled; ad libitum HTPs (Ploom TECH+; Ploom S; 1Q0S;  High
s Glo), CC (own brand), SA (smoking)
UMIN000045304*° % Il Parallel RCT Confined 5days Inhaled; ad libitum HTPs (PLOOM X regular; menthol; High
1Q0S 3 DUO), CC (own brand), SA
(smoking)
Yuki, 2023t Im Parallel RCT Confined 60 days Inhaled; ad libitum HTPs (IT2.0b regular; menthol green;  High
& (6days) menthol purple), ECs (eDNC1.0a
Ambulatory tobacco; cherry; menthol), CC (own
(54 days) brand), SA (tobacco)
NCT02641587* 1 PMI Parallel RCT Confined 90 days Inhaled; ad libitum HTP (CHTP1.2), CC (own brand) High
3488 (5days)
Ambulatory
(85 days)
NCT01959607* PMI Crossover  Confined 14 puffs/6 min Inhaled; restricted HTP (1QOS), CC (own brand), NRT High
8992 RCT (Nicorette gum)
NCT02503254* PMI Parallel RCT Confined 5days Inhaled; ad libitum HTP (CHTP1.0), CC (own brand) High
93-96
NCT01967719* PMI Crossover  Confined Single use Inhaled; ad libitum HTP (1Q0S2.2 menthol), CC (own High
) RCT brand menthol), NRT (Nicotrol nasal
spray)
NCT01989156* PMI Parallel RCT Confined 91 days Inhaled; ad libitum HTP (1Q0S2.2 menthol), CC (own High
ESIE (5days) brand menthol), SA (smoking)
Ambulatory
(86 days)
NCT01970982*t PMI Parallel RCT Confined 5days Inhaled; ad libitum HTP (1Q0S2.2), CC (own brand), SA High
46 103-105 . .
(all nicotine)
NCT01959932*t PMI Parallel RCT Confined 5days Inhaled; ad libitum HTP (1Q0S2.2), CC (own brand), SA High
106-110 . .
(all nicotine)
NCT01780714*t PMI Parallel RCT Confined 5days Inhaled; ad libitum HTP (1Q0S2.1), CC (own brand) High
47111112
NCT02396381* 1 PMI Parallel RCT Ambulatory 6 months Inhaled; ad libitum HTP (1Q0S2.2), CC (own brand) High
36113-115
NCT01970995*t PMI Parallel RCT Confined 90 days Inhaled; ad libitum HTP (1Q0S2.2 menthol), CC (own High
e (5days) brand menthol), SA (smoking)
Ambulatory
(85 days)
NCT02466412* PMI Crossover  Confined Single use Inhaled; ad libitum HTP (CHTP1.1 menthol), CC (own High
L RCT brand menthol)
NCT02649556* PMI Parallel RCT Ambulatory 12 months Inhaled; ad libitum HTP (1Q0S2.2), CC (own brand) High
38120
NCT01967732* PMI Crossover  Confined Single use Inhaled; ad libitum HTP (1Q0S2.2), CC (own brand) High
48121
RCT
NCT01780688* PMI Crossover  Confined Single use Inhaled; ad libitum HTP (1Q0S2.1), CC (own brand) High
122123 RCT
NCT01967706* PMI Crossover  Confined Single use Inhaled; ad libitum HTP (1Q0S2.2 menthol), CC (own High
RIS RCT brand), NRT (Nicorette gum)
NCT03364751*1 PMI Parallel RCT Ambulatory 6 months Inhaled; ad libitum HTP (IQOS), CC (own brand) High
39127128

Continued
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Table 1 Continued

Study Sponsor Design Setting

p

p

e duration e mode Intervention arms Risk of bias

Medizinische Crossover  Confined
Klinik Ill of the ~ RCT

UKSH

University Crossover
of Roma La RCT
Sapienza

Independent DRKS00012919+
129-131

NCT03301129t
132133

Confined

NCT03435562t Virginia Crossover  Confined
134 Commonwealth ~ RCT

University, NIDA

NCT034521241 National and Crossover
13136 Kapodistrian RCT
University of
Athens

Athens Medical ~ Crossover
School, RCT
Hippokration

Hospital

NIDA, Centre for ~ Crossover
Tobacco Products  RCT
(FDA)

Medizinische Crossover
Klinik 11l of the RCT
UKSH

Swedish Heart-  Crossover
Lung foundation, RCT
Swedish Heart

and Lung

Association,

Swedish Society

of Medicine,

Stockholm

County Council,

County Council of
Vasterbotten.

NCT04824495t Medical Crossover
14214 University of RCT
Vienna, Swedish
Heart-Lung
foundation,
Swedish Heart
and Lung
Association,
Swedish Society
of Medicine,
Stockholm
County Council,
County Council of
Vasterbotten.

Confined

loakeimidis, 2021t Confined
137

Lopez, 20161 Confined
138

DRKS000204461 Confined
139140

Lyytinen, 2024t Confined
141

Confined

Near East Crossover  Confined
University, Mersin  RCT

City Training

and Research

Hospital

Yaman, 2021*t
144

ChiCTR2200065055*'% 140+ Parallel RCT Confined

(7 days)

Unclear Beijing Great
Physician
Commonweal

Foundation (14 days)

*Included in adverse event syntheses.
tincluded in BoPH syntheses.

Ambulatory

Single use Inhaled; ad libitum HTP (1Q0S), CC (Marlboro Gold), ECs  High
(eGo-T nicotine; eGo-T no nicotine;

Juul)

HTP (IQ0S), CC (Marlboro Gold), EC
(Blu Pro)

Single use Inhaled; ad libitum Unclear

Inhaled; restricted-+ad
libitum

Single use+90 min HTP (1QOS), CC (own brand), EC (JUUL) High

7 min Inhaled; ad libitum HTP (IQOS), CC (Marlboro Red) High

5min Inhaled; ad libitum HTP (IQOS), CC (“standard tobacco Unclear

cigarette”, sham CC

20 puffs Inhaled; restricted HTP (PAX), CC (own brand), EC (eGo)  High

Inhaled; ad libitum HTPs (IQOS; Glo), CC (Marlboro Gold), ~ Unclear

ECs (eGo no nicotine; eGo no liquid)

Single use

14 min Inhaled; restricted HTP (IQOS 3 Multi), ambient air Unclear

14 min Inhaled; restricted HTP (IQOS 3 Multi), ambient air Unclear

5min Inhaled; restricted HTP (1QOS 2.4 plus or 3 duo), CC Unclear

(Marlboro Gold Light)

21 days Inhaled; ad libitum HTP (WONZ), CC (own brand) High

BAT, British American Tobacco; BoPH, biomarkers of potential harm; CC, combustible cigarette; CHTP, carbon heated tobacco product; EC, electronic cigarette; FDA, Food and Drug Administration; HTP, heated tobacco product; JTI, Japan Tobacco
International; NIDA, National Institute on Drug Abuse; NRT, nicotine replacement therapy; Own brand, participant's own cigarette brand of choice; PMI, Philip Morris International; RCT, randomised controlled trial; SA, smoking abstinence.

respiratory function, oxidative stress and platelet function
(online supplemental figure 4). Under ambulatory condi-
tions, HTPs had largely beneficial effects on markers of
endothelial dysfunction, oral health, oxidative stress and
metabolic syndrome in smokers (online supplemental figure
5). However, they had mixed effects on cardiovascular
function, inflammation, and platelet function, and largely
harmful effects on respiratory function.

Impact on adverse events

Adverse events

28 studies reported adverse event data, all of which were
industry-affiliated bar one (ChiCTR2200065055) (table 1). 15
studies were ineligible for meta-analysis. This was due to cross-
over design for 11 studies. Data from these are reported in

online supplemental table 3. A further four were ineligible due to
reporting zero adverse events in any group (UMIN000045304,
UMINO000025777, UMIN000041539). ISRCTN81075760 was
ineligible for the meta-analysis as data were not reported sepa-
rately for each arm.

13 studies were included in the meta-analysis (5 days to 12
months; all high risk of bias). The overall rate of participants
reporting adverse events was not statistically significantly
different between HTP and: cigarette groups (RR 1.01, 95% CI
0.87 to 1.16; [>=45%; 2804 participants across 13 studies;
online supplemental figure 6A); smoking abstinence groups (RR
1.04, 95%CI 0.86 to 1.36; *=0%; 681 participants across 6
studies; online supplemental figure 6B); and e-cigarette groups
(RR 0.81, 95%CI 0.38 to 1.73; *=N/A; 84 participants in 1
study; online supplemental figure 6C). This was true regardless
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Figure 1 Direction of effect between HTP and cigarette arms at last
follow-up in confined studies. AM, peak late diastolic velocity; EM, peak
early diastolic velocity; HTP, heated tobacco product; L/IR/V, left/right/
ventricle; TAPSE, tricuspid annular plane systolic excursion.

of whether the studies were conducted in confined or ambula-
tory settings.

Across all studies (included and excluded from the meta-
analysis), adverse events in HTP groups commonly included
headache, cough and presyncope. Most were mild or moderate
in severity. The following events were noted by study authors
as possibly related to HTP use: dry mouth, headache, increased
weight, salivary hypersecretion, abnormal spirometry, sneezing,
upper airway cough syndrome, non-cardiac chest pain, cough,
wheezing, syncope, vertigo, oral pain, oropharyngeal pain,

hypertriglyceridaemia, musculoskeletal chest pain, myocardial
ischaemia, hyperhidrosis, hypertension, nausea and proteinuria.

Serious adverse events

Serious adverse events were reported in 10 studies, which were

all industry-affiliated. Three were ineligible due to cross-over

design. Data from these are reported in online supplemental
table 3. UMINO000045304 and ChiCTR2200065055 were
ineligible for reporting zero adverse events in any group and

ISRCTN81075760 due to insufficient data. In the latter, nine

serious adverse events were reported by day 360 across 370

participants. The authors provided no other details but consid-

ered them unrelated to any study product.

Five studies were included in the meta-analysis (5 days to 12
months; all high risk of bias). The overall rate of participants
reporting serious adverse events was not statistically significantly
different between HTP and cigarette groups (RR 1.15, 95% CI
0.65 to 2.05; I’=0%; 2005 participants across 5 studies; online
supplemental figure 7A). ISRCTN80651909 (5 days; high risk of
bias) was the only study to report serious adverse event data and
include e-cigarette or smoking abstinence arms. The overall rate
of participants reporting serious adverse events was not statis-
tically significantly different between HTP and smoking absti-
nence (RR 1.50, 95% CI 0.06 to 35.73; ’=N/A; 88 participants
in 1 study; online supplemental figure 7B) or e-cigarette groups
(RR 1.55, 95%CI 0.07 to 36.94; ’=N/A; 89 participants in 1
study; online supplemental figure 7C).

In participants assigned HTPs, the following serious adverse
events were reported:

» NCT02649556 reported: appendicitis with peritonitis,
epiglottitis, influenza, mycoplasmal pneumonia, head injury
with seizure, hip fracture, laceration, foot fracture, costo-
chondritis, completed suicide, menorrhagia, pneumonia
aspiration. It was not reported whether these were product
related.

» NCT02396381 reported: mycoplasmal pneumonia, head
injury with seizure, laceration, metastases to small intestine
with anaemia, completed suicide and alcohol abuse. It was
not reported whether these were considered product related.

» NCT02641587 reported appendicitis and peritonsillar
abscess. These were not considered product related.

» ISRCTN80651909 reported decompensated tachycardia.
This was not considered product related.

Novel skin staining study (Dalrymple, 2022)

This study was industry-affiliated, judged to be at unclear risk
of bias and conducted under confined conditions. Areas of non-
smokers’ skin were exposed to product emissions generated by a
smoking machine. Five outcomes related to oxidative stress were
measured: catalase, malondialdehyde, squalene, squalene mono-
hydroperoxide and squalene monohydroperoxide/squalene
ratio. Compared with the control (an unexposed area of skin),
HTP emissions had harmful effects on all these outcomes. HTP
emissions also had harmful effects compared with e-cigarette
emissions on all but one outcome (squalene monohydroper-
oxide). Compared with cigarette smoke, HTP emissions had
beneficial effects on all the outcomes.

DISCUSSION

This is the first independent and most comprehensive systematic
review of the available data on the effects of HTPs on BoPH and
adverse events. In line with our previous review,'! most of the
40 interventional clinical trials included were industry-affiliated
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Figure 3 Direction of effect between HTP and e-cigarette arms at last follow-up in confined studies. HTP, heated tobacco product.

and at high risk of bias. The studies were notably short; the
longest being only 12 months, but most 5days or less. Few
studies included e-cigarette or smoking abstinence arms, instead
comparing HTPs with cigarettes. Despite emerging evidence of
HTP use among non-smokers,*® only one, notably different,
study assessed the impact of HTPs in non-smokers. This likely
reflects the ethical complexities of assigning an addictive product
to non-smokers, in which it can only do harm.

We collated data on 143 BoPH from 24 studies. Overall, the
findings are so mixed that these data provide no clear indication
of the relative risks or benefits of HTPs, including insufficient
evidence to indicate any certain benefits over cigarettes. Bene-
ficial and harmful effects were observed under both confined
and ambulatory settings. The limited beneficial effects observed
in smokers following exclusive HTP use for a short period
(up to 5days) were not consistently replicated under longer,
ambulatory settings. Mixed effects were also apparent when
comparing HTPs to e-cigarettes or smoking abstinence. Meta-
analysis revealed HTP users reported no fewer adverse events
than participants assigned comparators. Our findings align with
those from observational clinical studies to date, which have
found HTP users have improved levels of some BoPH compared
with smokers, but this is not ubiquitous across all BoPH and,
compared with non-smokers, some BoPH worsen.”™!

The variance in direction of effects may be attributable
to differences in study design, the specific makes and models
of products used, or the presence of conflicts of interest. For
example, analysis of broader HTP literature revealed industry-
affiliated papers were significantly more likely to conclude HTPs
were more desirable than cigarettes.*

We identified some unexpected directions of effect, most
likely due to chance given the short trial durations and direc-
tion of effect syntheses not accounting for significance or
magnitude of effects. Unusual and differing effects may also
be explained by continued cigarette use among those assigned
to other interventions, which would be particularly apparent
when comparing confined and ambulatory settings. Indeed,
all of the studies that included an ambulatory period reported

some level of this phenomenon.** This is consistent with
growing evidence documenting high prevalence of dual or poly
use of HTPs and other products, especially cigarettes, among
real-world users.**™** Effects observed in smokers could also be
impacted by the residual effects of long-term smoking® ** or
changes in product use behaviour under trial conditions. The
latter was observed in several of the studies.**=” ¥ Moreover,
biomarkers which increase in one study yet decrease in another
may be explained through pretrial abstinence or wash-out
periods; this may be particularly apparent in cross-over trials.
In regard to no differences in adverse events, the picture may be
complicated by the fact that cigarette withdrawal is associated
with a range of temporary, non-serious adverse events.*’

There is no set of validated biomarkers with which to predict
the risk of developing tobacco-related diseases.’® Most BoPH
used in these studies indicate broad systemic effects; few
disease-specific (notably cancer-related) biomarkers were used.’!
Further, the studies are simply too short for the manifestation of
tobacco-related diseases, such as chronic obstructive pulmonary
disease, which develops over decades.’>

We identified instances of selective reporting, particularly
among industry-affiliated trials, raising concerns that vital data
may not be being reported. This is particularly salient in light
of the US marketing order renewal for IQOS, which permits
PMI to market IQOS as a ‘modified risk tobacco product’. In its
previous submissions to the FDA, PMI’s study reports were made
public, making otherwise unpublished clinical data available for
independent reviews, like ours. But for the renewal, reports were
redacted.'® Once these and data from ongoing trials (especially
any at low risk of bias) are made available, it would be pertinent
to update our review. For now, the lack of validated biomarkers
and long-term evidence, in conjunction with a poor-quality and
potentially incomplete data set, hinders understanding of poten-
tial health risks of HTDs.
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Figure 4 Direction of effect between HTP and smoking abstinence arms at last follow-up in (A) confined studies and (B) ambulatory studies. AR,
atheroma chip; AUC, area under the curve; BDR, bronchodilator; CO, carbon monoxide; FEF, forced expiratory flow; HTP, heated tobacco product; OT,
time to reach occlusion pressure in microchip; PL, platelet chip; T10, time to reach start of occlusion, meaning 10 kPa pressure in microchip.

Strengths and limitations

This is the first review to systematically synthesise all available
BoPH and adverse event data from interventional clinical trials
investigating HTPs. Despite both being measured in many of
the included studies, we prioritised BoPH over biomarkers of

exposure because the latter have been reviewed previously®? 1314

and are generally not directly indicative of physiological changes
or disease development.” We reviewed the largest quantity of
BoPH data on HTPs to date, partly attributable to including non-
peer-reviewed materials. However, limitations exist. First, due
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to the availability and heterogeneity of the data, we could not
use meta-analyses to analyse BoPH data. Second, most studies
were at high risk of bias, and our previous review highlighted
the prevalence of substandard conduct and reporting.'" We also
cannot rule out publication bias, especially in studies for which
no a priori protocol is available. Therefore, inferences of the
health effects based on these studies should not be considered
conclusive findings. Even if the studies were at low risk of bias,
this would remain difficult using BoPH and adverse event data
alone, given these are surrogate markers, not definitive clinical
endpoints.

CONCLUSIONS
A growing quantity of adverse event and BoPH data are available
from clinical trials investigating HTPs. However, determining the
health impacts of HTPs from these data is significantly hindered
by high risk of bias, heterogeneity, unrealistic study conditions,
very short durations and tobacco industry dominance. Bearing
these caveats in mind, the existing data indicate HTPs have the
potential to be harmful to both smokers and non-smokers, and
that potential benefits in smokers switching to HTPs may be
restricted to a limited subset of biomarkers whose clinical rele-
vance is unclear. It is vital policy-makers and consumers making
potentially life-changing decisions on the existing evidence are
aware of its current limitations and lack of conclusiveness about
the risks of HTPs. The presence of other products—both phar-
maceutical and non-tobacco consumer products—for which
evidence already demonstrates reduced risk profiles and greater
effectiveness for smoking cessation raises critical questions about
whether there is even a place for HTPs in the consumer market.
Longer, unbiased clinical trials and epidemiological studies
are needed to investigate the: long-term impacts of HTP use in
real-world conditions; health impacts of HTPs in the growing
numbers of non-smokers using them; and relative effects of
HTPs and other interventions, especially competitive prod-
ucts already available to consumers and proven to aid smoking
cessation. Given emerging evidence that the tobacco industry
continues to engage in problematic scientific practices,” ¢ such
studies are unlikely to emerge unless regulators require them or
alternative systems for funding such research are developed.>

Acknowledgements The authors would like to thank Amber van den Akker,
Gemma Taylor and Chris Metcalfe 432 for their work in our previous review that
contributed to this review.

Contributors SB: conceptualisation, methodology, data curation, investigation,
formal analysis, visualisation, writing original draft, review and editing. SB serves
as the guarantor. SD: conceptualisation, methodology, investigation, writing
original draft, review and editing. JH-B: methodology, review and editing. AG:
conceptualisation, methodology, review and editing, funding acquisition.

Funding This study was funded by Bloomberg Philanthropies as part of the
Bloomberg Initiative to Reduce Tobacco use (www.bloomberg.org).

Competing interests No, there are no competing interests.
Patient consent for publication Not applicable.
Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement All data relevant to the study are included in the
article or uploaded as supplementary information.

Supplemental material This content has been supplied by the author(s). It

has not been vetted by BMJ Publishing Group Limited (BMJ) and may not have
been peer-reviewed. Any opinions or recommendations discussed are solely those
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical quidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs
Sophie Braznell http://orcid.org/0000-0001-7443-2795
Sarah Dance http://orcid.org/0000-0001-6531-8077

REFERENCES

1 World Health Organisation. Heated tobacco products a brief. 2020. Available:
https://www.who.int/europe/publications/i/item/WHO-EURO-2020-4571-44334-
62636

2 SunT, Anandan A, Lim CCW, et al. Global prevalence of heated tobacco product use,
2015-22: A systematic review and meta-analysis. Addiction 2023;118:1430-44.

3 Queloz S, Etter J-F. An online survey of users of tobacco vaporizers, reasons and
modes of utilization, perceived advantages and perceived risks. BMC Public Health
2019;19:642.

4 Sutanto E, Miller C, Smith DM, et al. Prevalence, Use Behaviors, and Preferences
among Users of Heated Tobacco Products: Findings from the 2018 ITC Japan Survey.
Int J Environ Res Public Health 2019;16:4630.

5 Tompkins CNE, Burnley A, McNeill A, et al. Factors that influence smokers” and ex-
smokers' use of 1QOS: a qualitative study of 1QOS users and ex-users in the UK. Tob
Control 2021;30:16-23.

6 Uguna CN, Snape CE. Should IQOS Emissions Be Considered as Smoke and Harmful
to Health? A Review of the Chemical Evidence. ACS Omega 2022;7:22111-24.

7 Hwang JH, Ryu DH, Park S-W. Heated tobacco products: Cigarette complements, not
substitutes. Drug Alcohol Depend 2019;204:107576.

8 Jankowski M, Brozek GM, Lawson J, et al. New ideas, old problems? Heated
tobacco products - a systematic review. Int J Occup Med Environ Health
2019;32:110680:595-634:.

9 Simonavicius E, McNeill A, Shahab L, et al. Heat-not-burn tobacco products: a
systematic literature review. Tob Control 2019;28:582-94.

10 U.S Food. Modified risk tobacco product (mrtp) applications 2024. n.d. Available:
https://www.fda.gov/tobacco-products/advertising-and-promotion/philip-morris-
products-sa-modified-risk-tobacco-product-mrtp-applications

11 Braznell S, Van Den Akker A, Metcalfe C, et al. Critical appraisal of interventional
clinical trials assessing heated tobacco products: a systematic review. Tob Control
2024,33:383-94.

12 Cummings KM, Morley CP, Hyland A. Failed promises of the cigarette industry and its
effect on consumer misperceptions about the health risks of smoking. Tob Control
2002;11 Suppl 1:1110-7.

13 Drovandi A, Salem S, Barker D, et al. Human Biomarker Exposure From Cigarettes
Versus Novel Heat-Not-Burn Devices: A Systematic Review and Meta-Analysis.
Nicotine Tob Res 2020;22:1077-85.

14 Akiyama Y, Sherwood N. Systematic review of biomarker findings from clinical
studies of electronic cigarettes and heated tobacco products. Toxicol Rep
2021,8:282-94.

15 Znyk M, Jurewicz J, Kaleta D. Exposure to Heated Tobacco Products and Adverse
Health Effects, a Systematic Review. Int J Environ Res Public Health 2021;18:6651.

16 Tattan-Birch H, Hartmann-Boyce J, Kock L, et al. Heated tobacco products for
smoking cessation and reducing smoking prevalence. Cochrane Database Syst Rev
2022;1:CD013790.

17 Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 statement: an updated
guideline for reporting systematic reviews. BMJ 2021;372:n71.

18 National Institutes of Health. NIH's definition of a clinical trial. 2017. Available:
https://grants.nih.gov/policy/clinical-trials/definition.htm

19 Chang CM, Cheng Y-C, Cho TM, et al. Biomarkers of Potential Harm: Summary of an
FDA-Sponsored Public Workshop. Nicotine Tob Res 2019;21:3—13.

20 Higgins JPT, Savovi¢ J, Page M, et al. n.d. Chapter 8: Assessing risk of bias in a
randomized trial.

21 Hartmann-Boyce J, Lindson N. Assessing and minimizing risk of bias in randomized
controlled trials of tobacco cessation interventions: Guidance from the Cochrane
Tobacco Addiction Group. Addiction 2023;118:1811-6.

22 McGuinness LA, Higgins JPT. Risk-of-bias VISualization (robvis): An R package
and Shiny web app for visualizing risk-of-bias assessments. Res Synth Methods
2021;12:55-61.

23 McKenzie JE, Brennan SE, et al. Chapter 12: Synthesizing and presenting findings
using other methods. Cochrane Handbook for Systematic Reviews of Interventions
Version 62 2021.

24 Altman DG. Practical Statistics for Medical Research. Chapman & Hall/CRC Press,
1999.

25 Dalrymple A, McEwan M, Brandt M, et al. A novel clinical method to measure skin
staining reveals activation of skin damage pathways by cigarette smoke. Skin Res
Technol 2022;28:162-70.

10

Braznell S, et al. Tob Control 2025;0:1-13. doi:10.1136/tc-2024-059000


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0001-7443-2795
http://orcid.org/0000-0001-6531-8077
https://www.who.int/europe/publications/i/item/WHO-EURO-2020-4571-44334-62636
https://www.who.int/europe/publications/i/item/WHO-EURO-2020-4571-44334-62636
http://dx.doi.org/10.1111/add.16199
http://dx.doi.org/10.1186/s12889-019-6957-0
http://dx.doi.org/10.3390/ijerph16234630
http://dx.doi.org/10.1136/tobaccocontrol-2019-055306
http://dx.doi.org/10.1136/tobaccocontrol-2019-055306
http://dx.doi.org/10.1021/acsomega.2c01527
http://dx.doi.org/10.1016/j.drugalcdep.2019.107576
http://dx.doi.org/10.13075/ijomeh.1896.01433
http://dx.doi.org/10.1136/tobaccocontrol-2018-054419
https://www.fda.gov/tobacco-products/advertising-and-promotion/philip-morris-products-sa-modified-risk-tobacco-product-mrtp-applications
https://www.fda.gov/tobacco-products/advertising-and-promotion/philip-morris-products-sa-modified-risk-tobacco-product-mrtp-applications
http://dx.doi.org/10.1136/tc-2022-057522
http://dx.doi.org/10.1136/tc.11.suppl_1.i110
http://dx.doi.org/10.1093/ntr/ntz200
http://dx.doi.org/10.1016/j.toxrep.2021.01.014
http://dx.doi.org/10.3390/ijerph18126651
http://dx.doi.org/10.1002/14651858.CD013790.pub2
http://dx.doi.org/10.1136/bmj.n71
https://grants.nih.gov/policy/clinical-trials/definition.htm
http://dx.doi.org/10.1093/ntr/ntx273
http://dx.doi.org/10.1111/add.16220
http://dx.doi.org/10.1002/jrsm.1411
http://dx.doi.org/10.1111/srt.13108
http://dx.doi.org/10.1111/srt.13108

Systematic review

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

Tabuchi T, Gallus S, Shinozaki T, et al. Heat-not-burn tobacco product use in Japan:
its prevalence, predictors and perceived symptoms from exposure to secondhand
heat-not-burn tobacco aerosol. Tob Control 2018;27:25-33.

Ratajczak A, Jankowski P, Strus P, et al. Heat Not Burn Tobacco Product-A New
Global Trend: Impact of Heat-Not-Burn Tobacco Products on Public Health, a
Systematic Review. Int J Environ Res Public Health 2020;17:409.

Matsuyama Y, Tabuchi T. Heated tobacco product use and combustible cigarette
smoking relapse/initiation among former/never smokers in Japan: the JASTIS 2019
study with 1-year follow-up. Tob Control 2022;31:520-6.

Sakaguchi C, Nagata Y, Kikuchi A, et al. Differences in Levels of Biomarkers of
Potential Harm Among Users of a Heat-Not-Burn Tobacco Product, Cigarette
Smokers, and Never-Smokers in Japan: A Post-Marketing Observational Study.
Nicotine Tob Res 2021:23:1143-52.

Swiatkowska B, Jankowski M, Kaleta D. Comparative evaluation of ten blood
biomarkers of inflammation in regular heated tobacco users and non-smoking
healthy males-a pilot study. Sci Rep 2024;14:8779.

Ohmomo H, Harada S, Komaki S, et al. DNA Methylation Abnormalities and Altered
Whole Transcriptome Profiles after Switching from Combustible Tobacco Smoking to
Heated Tobacco Products. Cancer Epidemiol Biomarkers Prev 2022;31:269-79.
Suzuki H, Aono N, Zhang Y, et al. Comparison of Publications on Heated Tobacco
Products With Conventional Cigarettes and Implied Desirability of the Products
According to Tobacco Industry Affiliation: A Systematic Review. Nicotine and Tobacco
Research 2024;26:520-6.

Gale N, McEwan M, Hardie G, et al. Changes in biomarkers of exposure and
biomarkers of potential harm after 360 days in smokers who either continue to
smoke, switch to a tobacco heating product or quit smoking. Intern Emerg Med
2022;17:2017-30.

Bosilkovska M, Tran CT, de La Bourdonnaye G, et al. Exposure to harmful and
potentially harmful constituents decreased in smokers switching to Carbon-Heated
Tobacco Product. Toxicol Lett 2020;330:30—40.

Philip Morris Products SA. Clinical study report: zrhr-rexa-08-us 2016. Available:
https://www.fda.gov/tobacco-products/advertising-and-promotion/philip-morris-
products-sa-modified-risk-tobacco-product-mrtp-applications#7 [Accessed 2 Oct
2023].

Philip Morris Products S A. Clinical study report: zrhr-ers-09-us 2018. Available:
https://www.fda.gov/tobacco-products/advertising-and-promotion/philip-morris-
products-sa-modified-risk-tobacco-product-mrtp-applications#7 [Accessed 2 Oct
2023].

Philip Morris Products S A. Clinical study report: zrhm-rexa-07-jp 2016. Available:
https://www.fda.gov/tobacco-products/advertising-and-promotion/philip-morris-
products-sa-modified-risk-tobacco-product-mrtp-applications#7 [Accessed 2 Oct
2023].

Philip Morris Products SA. A 26-week extension of the zrhr-ers-09-us study
evaluating biological and functional changes in healthy smokers after switching to
ths 2.2 2015. Available: https://ClinicalTrials.gov/show/NCT02649556 [Accessed 2
Oct 2023].

Pouly S, Ng WT, Blanc N, et al. Effect of switching from cigarette smoking to the
use of the tobacco heating system on periodontitis treatment outcome: Periodontal
parameter results from a multicenter Japanese study. front Dent Med 2022;3.
Laverty AA, Vardavas Cl, Filippidis FT. Prevalence and reasons for use of Heated
Tobacco Products (HTP) in Europe: an analysis of Eurobarometer data in 28
countries. Lancet Reg Health Eur 2021;8:100159.

Kim J, Lee S, Kimm H, et al. Heated tobacco product use and its relationship to
quitting combustible cigarettes in Korean adults. PLoS ONE 2021;16:e0251243.
Odani S, Tsuno K, Agaku IT, et al. Heated tobacco products do not help smokers quit
or prevent relapse: a longitudinal study in Japan. Tob Control 2023.

Lee JJ, Liu D, Lee JS, et al. Long-term impact of smoking on lung epithelial
proliferation in current and former smokers. J Nat/ Cancer Inst 2001;93:1081-8.
Wannamethee SG, Lowe GDO, Shaper AG, et al. Associations between cigarette
smoking, pipe/cigar smoking, and smoking cessation, and haemostatic and
inflammatory markers for cardiovascular disease. Eur Heart J 2005;26:1765-73.
McEwan M, Gale N, Ebajemito JK, et al. A randomized controlled study in

healthy participants to explore the exposure continuum when smokers switch

to a tobacco heating product or an E-cigarette relative to cessation. Toxicol Rep
2021;8:994-1001.

Philip Morris Products SA. Clinical study report: zrhr-rexc-04-jp 2015. Available:
https://www.fda.gov/tobacco-products/advertising-and-promotion/philip-morris-
products-sa-modified-risk-tobacco-product-mrtp-applications#7 [Accessed 2 Oct
2023].

Liidicke F, Baker G, Magnette J, et a/. Reduced Exposure to Harmful and Potentially
Harmful Smoke Constituents With the Tobacco Heating System 2.1. NICTOB
2017;19:168-75.

Philip Morris Products S A. Clinical study report: zrhr-pk-01-eu 2015. Available:
https://www.fda.gov/tobacco-products/advertising-and-promotion/philip-morris-
products-sa-modified-risk-tobacco-product-mrtp-applications#7 [Accessed 2 Oct
2023].

Hughes JR. Signs and Symptoms of Tobacco Withdrawal. Arch Gen Psychiatry
1986,43:289.

50

51

52

53

54

55

56

57

58

59

60

61

62

63

65

66

67

68

69

70

71

72

Hatsukami D, Benowitz N, Rennard S, et al. Biomarkers to assess the utility

of potential reduced exposure tobacco products. Nicotine & Tobacco Res
2006,8:599-622.

Braznell S, Campbell J, Gilmore AB. What Can Current Biomarker Data Tell Us About
the Risks of Lung Cancer Posed by Heated Tobacco Products? Nicotine and Tobacco
Research 2024;26:270-80.

Lokke A, Lange P, Scharling H, et al. Developing COPD: a 25 year follow up study of
the general population. Thorax 2006;61:935-9.

Legg T, Hatchard J, Gilmore AB. The Science for Profit Model-How and why
corporations influence science and the use of science in policy and practice. PLoS
One 2021;16:e0253272.

Matthes BK, Fabbri A, Dance S, et al. Seeking to be seen as legitimate members of
the scientific community? An analysis of British American Tobacco and Philip Morris
International’s involvement in scientific events. Tob Control 2024:33:464-71.

Legg T, Clift B, Gilmore AB. Document analysis of the Foundation for a Smoke-Free
World's scientific outputs and activities: a case study in contemporary tobacco
industry agnogenesis. Tob Control 2024,33:525-34.

Braznell S, Laurence L, Fitzpatrick |, et al. “Keep it a secret”: Leaked Documents
Suggest Philip Morris International, and Its Japanese Affiliate, Continue to Exploit
Science for Profit. Nicotine and Tobacco Research 2024.

Ebajemito J, Gale N, McEwan M, et al. An assessment of nicotine kinetics and
subjective effects of two tobacco heating products in comparison to cigarettes and
a nicotine replacement therapy 2019. n.d. Available: https://www.bat-science.com/
groupms/sites/BAT_B9JBW3.nsf/vwPagesWebLive/DOBAGK5U/$FILE/SOT2019_ALA.
pdf?openelement

British American Tobacco L. A study to assess nicotine uptake into the blood from
and liking of two tobacco heating products compared to cigarettes and a nicotine
replacement therapy 2018. n.d. Available: https://www.isrctn.com/ISRCTN 13439529
Hardie G, Gale N, McEwan M, et al. An abuse liability assessment of the glo tobacco
heating product in comparison to combustible cigarettes and nicotine replacement
therapy. Sci Rep 2022;12:14701.

Gale N, McEwan M, Eldridge AC, 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
2019;21:1220-7.

Gale N, McEwan M, Eldridge AC, et al. A randomised, controlled, two-Centre open-
label study in healthy Japanese subjects to evaluate the effect on biomarkers of
exposure of switching from a conventional cigarette to a tobacco heating product.
BMC Public Health 2017;17.

Tobacco BA. A randomised, controlled, multi-centre open-label study in healthy
japanese subjects to evaluate the effect on biomarkers of exposure of switching
from a conventional combustible cigarette to the glo tobacco heating product.
2017. Available: https://upload.umin.ac.jp/cgi-open-bin/ctr/ctr.cgi?function=brows&
action=brows&recptno=R000028686&type=summary&language=E

Tobacco BA. A study to examine changes in exposure to cigarette smoke chemicals
when a smoker switches to using a tobacco heating product 2016. Available: https:/
www.isrctn.com/ISRCTN 14301360 [Accessed 2 Oct 2023].

Tobacco BA. A study to examine changes in exposure to cigarette smoke chemicals
when a smoker switches to using a tobacco heating product or an e-cigarette 2016.
Available: https://www.isrctn.com/ISRCTN80651909 [Accessed 2 Oct 2023].
Camacho OM, Hedge A, Lowe F, et al. Statistical analysis plan for “A randomised,
controlled study to evaluate the effects of switching from cigarette smoking to using
a tobacco heating product on health effect indicators in healthy subjects”. Contemp
Clin Trials Commun 2020;17:100535.

Gale N, McEwan M, Camacho OM, et a/. Changes in Biomarkers of Exposure on
Switching From a Conventional Cigarette to the glo Tobacco Heating Product: A
Randomized, Controlled Ambulatory Study. Nicotine Tob Res 2021;23:584-91.
McEwan M, Gale N, Hardie G, et al. Control measures for assessing compliance

in long-term potentially reduced risk product switching studies. 2020. Available:
https://www.bat-science.com/groupms/sites/BAT_B9JBW3.nsf/vwPagesWeblLive/
DOBMKDER/$FILE/Control%20measures % 20for%20assessing%20compliance%
20in%20long-term%20Potentially%20Reduced%20Risk%20Product%
20switching%20studies.pdf?openelement

Newland N, Lowe FJ, Camacho OM, et a/. Evaluating the effects of switching from
cigarette smoking to using a heated tobacco product on health effect indicators in
healthy subjects: study protocol for a randomized controlled trial. Intern Emerg Med
2019;14:885-98.

Erratum regarding missing Declaration of Competing Interest statements in
previously published articles. Contemp Clin Trials Commun 2020;20:100691.

British American Tobacco. A study to examine health effect indicators when a smoker
switches to using a tobacco heating product 2018. Available: https://www.isrctn.
com/ISRCTN81075760 [Accessed 2 Oct 2023].

Gale N, McEwan M, Camacho OM, et a/. Changes in biomarkers after 180

days of tobacco heating product use: a randomised trial. Intern Emerg Med
2021;16:2201-12.

Kanobe MN, Makena P, Prevette K, et al. Assessment of Abuse Liability and Nicotine
Pharmacokinetics of glo Heated Tobacco Products in a Randomized, Crossover
Study. Eur J Drug Metab Pharmacokinet 2024,49:733-50.

Braznell S, et al. Tob Control 2025;0:1—13. doi:10.1136/tc-2024-059000


http://dx.doi.org/10.1136/tobaccocontrol-2017-053947
http://dx.doi.org/10.3390/ijerph17020409
http://dx.doi.org/10.1136/tobaccocontrol-2020-056168
http://dx.doi.org/10.1093/ntr/ntab014
http://dx.doi.org/10.1038/s41598-024-59321-y
http://dx.doi.org/10.1158/1055-9965.EPI-21-0444
http://dx.doi.org/10.1093/ntr/ntad205
http://dx.doi.org/10.1093/ntr/ntad205
http://dx.doi.org/10.1007/s11739-022-03062-1
http://dx.doi.org/10.1016/j.toxlet.2020.04.013
https://www.fda.gov/tobacco-products/advertising-and-promotion/philip-morris-products-sa-modified-risk-tobacco-product-mrtp-applications#7
https://www.fda.gov/tobacco-products/advertising-and-promotion/philip-morris-products-sa-modified-risk-tobacco-product-mrtp-applications#7
https://www.fda.gov/tobacco-products/advertising-and-promotion/philip-morris-products-sa-modified-risk-tobacco-product-mrtp-applications#7
https://www.fda.gov/tobacco-products/advertising-and-promotion/philip-morris-products-sa-modified-risk-tobacco-product-mrtp-applications#7
https://www.fda.gov/tobacco-products/advertising-and-promotion/philip-morris-products-sa-modified-risk-tobacco-product-mrtp-applications#7
https://www.fda.gov/tobacco-products/advertising-and-promotion/philip-morris-products-sa-modified-risk-tobacco-product-mrtp-applications#7
https://ClinicalTrials.gov/show/NCT02649556
http://dx.doi.org/10.3389/fdmed.2022.915079
http://dx.doi.org/10.1016/j.lanepe.2021.100159
http://dx.doi.org/10.1371/journal.pone.0251243
http://dx.doi.org/10.1136/tc-2022-057613
http://dx.doi.org/10.1093/jnci/93.14.1081
http://dx.doi.org/10.1093/eurheartj/ehi183
http://dx.doi.org/10.1016/j.toxrep.2021.05.003
https://www.fda.gov/tobacco-products/advertising-and-promotion/philip-morris-products-sa-modified-risk-tobacco-product-mrtp-applications#7
https://www.fda.gov/tobacco-products/advertising-and-promotion/philip-morris-products-sa-modified-risk-tobacco-product-mrtp-applications#7
http://dx.doi.org/10.1093/ntr/ntw164
https://www.fda.gov/tobacco-products/advertising-and-promotion/philip-morris-products-sa-modified-risk-tobacco-product-mrtp-applications#7
https://www.fda.gov/tobacco-products/advertising-and-promotion/philip-morris-products-sa-modified-risk-tobacco-product-mrtp-applications#7
http://dx.doi.org/10.1001/archpsyc.1986.01800030107013
http://dx.doi.org/10.1080/14622200600858166
http://dx.doi.org/10.1093/ntr/ntad081
http://dx.doi.org/10.1093/ntr/ntad081
http://dx.doi.org/10.1136/thx.2006.062802
http://dx.doi.org/10.1371/journal.pone.0253272
http://dx.doi.org/10.1371/journal.pone.0253272
http://dx.doi.org/10.1136/tc-2022-057809
http://dx.doi.org/10.1136/tc-2022-057667
http://dx.doi.org/10.1093/ntr/ntae101
https://www.bat-science.com/groupms/sites/BAT_B9JBW3.nsf/vwPagesWebLive/DOBA6K5U/$FILE/SOT2019_ALA.pdf?openelement
https://www.bat-science.com/groupms/sites/BAT_B9JBW3.nsf/vwPagesWebLive/DOBA6K5U/$FILE/SOT2019_ALA.pdf?openelement
https://www.bat-science.com/groupms/sites/BAT_B9JBW3.nsf/vwPagesWebLive/DOBA6K5U/$FILE/SOT2019_ALA.pdf?openelement
https://www.isrctn.com/ISRCTN13439529
http://dx.doi.org/10.1038/s41598-022-19167-8
http://dx.doi.org/10.1093/ntr/nty104
http://dx.doi.org/10.1186/s12889-017-4678-9
https://upload.umin.ac.jp/cgi-open-bin/ctr/ctr.cgi?function=brows&action=brows&recptno=R000028686&type=summary&language=E
https://upload.umin.ac.jp/cgi-open-bin/ctr/ctr.cgi?function=brows&action=brows&recptno=R000028686&type=summary&language=E
https://www.isrctn.com/ISRCTN14301360
https://www.isrctn.com/ISRCTN14301360
https://www.isrctn.com/ISRCTN80651909
http://dx.doi.org/10.1016/j.conctc.2020.100535
http://dx.doi.org/10.1016/j.conctc.2020.100535
http://dx.doi.org/10.1093/ntr/ntaa135
https://www.bat-science.com/groupms/sites/BAT_B9JBW3.nsf/vwPagesWebLive/DOBMKDER/$FILE/Control%20measures%20for%20assessing%20compliance%20in%20long-term%20Potentially%20Reduced%20Risk%20Product%20switching%20studies.pdf?openelement
https://www.bat-science.com/groupms/sites/BAT_B9JBW3.nsf/vwPagesWebLive/DOBMKDER/$FILE/Control%20measures%20for%20assessing%20compliance%20in%20long-term%20Potentially%20Reduced%20Risk%20Product%20switching%20studies.pdf?openelement
https://www.bat-science.com/groupms/sites/BAT_B9JBW3.nsf/vwPagesWebLive/DOBMKDER/$FILE/Control%20measures%20for%20assessing%20compliance%20in%20long-term%20Potentially%20Reduced%20Risk%20Product%20switching%20studies.pdf?openelement
https://www.bat-science.com/groupms/sites/BAT_B9JBW3.nsf/vwPagesWebLive/DOBMKDER/$FILE/Control%20measures%20for%20assessing%20compliance%20in%20long-term%20Potentially%20Reduced%20Risk%20Product%20switching%20studies.pdf?openelement
http://dx.doi.org/10.1007/s11739-019-02090-8
http://dx.doi.org/10.1016/j.conctc.2020.100691
https://www.isrctn.com/ISRCTN81075760
https://www.isrctn.com/ISRCTN81075760
http://dx.doi.org/10.1007/s11739-021-02798-6
http://dx.doi.org/10.1007/s13318-024-00921-4

Systematic review

73 (SD200907: a study to assess elements of abuse liability for a heated tobacco Available: https://www.pmiscience.com/library/publication/biomarker-of-exposure-
product with four non-combusted cigarette variants 2022. Available: https:// reductions-upon-switching-for-5-days-from-cigarettes-to-a-carbon-heated-tobacco-
clinicaltrials.gov/study/NCT05114863 [Accessed 22 Jan 2025]. product-chtp-1.0 [Accessed 2 Oct 2023].

74 Abusalem T. Heated tobacco and heated herbal products provide adult smokers 95  Philip Morris Products SA. Reduced exposure study using chtp 1.0 during 5 days
with satisfactory nicotine delivery: a pharmacokinetic study: coresta congress 2024. in confinement 2015. Available: https://ClinicalTrials.gov/show/NCT02503254
Available: https://imperialbrandsscience.com/wp-content/uploads/2024/10/Heated- [Accessed 2 Oct 2023].
tobacco-and-heated-herbal-products-provide-adult-smokers-with-satisfactory- 96 Tran CT, Bosilkovska M, Bourdonnaye G, et a/. A randomized controlled trial to assess
nicotine-delivery-a-pharmacokinetic-study_CORESTA-2024.pdf [Accessed 22 Jan biomarkers of exposure in smokers switching to chtp 1.0 for 5. days: INTERVALS;
2025]. 2021. Available: https://doi.org/10.26126/INTERVALS.PVJ6QB. 1

75 Imperial Brands PLC. Nicotine pharmacokinetic study of heated tobacco and heated 97 Philip Morris Products SA. Clinical study report: zrhm-pk-06-us 2016. Available:
herbal products 2023. Available: https://clinicaltrials.gov/study/NCT06093659 https://www.fda.gov/tobacco-products/advertising-and-promotion/philip-morris-
[Accessed 22 Jan 2025]. products-sa-modified-risk-tobacco-product-mrtp-applications#7 [Accessed 2 Oct

76 Imperial Brands PLC. A randomised, cross-over, nicotine pharmacokinetic and 2023].
pharmacodynamic study of heated tobacco products compared to combustible 98 Philip Morris Products SA. Nicotine pharmacokinetic profile and safety of the
cigarettes 2022. Available: https://clinicaltrials.gov/study/NCT05459857 [Accessed tobacco heating system 2.2 menthol (ths 2.2 menthol). 2013. Available: https:/

22 Jan 2025]. ClinicalTrials.gov/show/NCT01967719 [Accessed 2 Oct 2023].

77 McDermott S, Reichmann K, Mason E, et al. An assessment of nicotine 99 Haziza C, Baker G, Bourdonnaye G, et al. Pharmacokinetics of nicotine and subjective
pharmacokinetics and subjective effects of the pulze heated tobacco system effects following the single use of a menthol version of tobacco heating system
compared with cigarettes. Sci Rep 2023;13:9037. 2.2 in the us: a comparison with single use of a combustible cigarette and nicotine

78 Yuki D, Sakaguchi C, Kikuchi A, et al. Pharmacokinetics of nicotine following the nasal spray 2015. Available: https://www.pmiscience.com/library/publication/
controlled use of a prototype novel tobacco vapor product. Regul Toxicol Pharmacol pharmacokinetics-of-nicotine-and-subjective-effects-following-the-single-use-of-a-
2017,87:30-5. menthol-version-of-tobacco-heating-system-2.2-in-the-us-a-comparison [Accessed 2

79 Japan Tobacco. A pharmacokinetics study of nicotine for b-001 in healthy adult male Oct 2023].
smokers 2016. Available: https://upload.umin.ac.jp/cgi-open-bin/ctr_e/ctr_view.cgi? 100 Philip Morris Products SA. Reduced exposure study using ths 2.2 menthol with 5
recptno=R000020059 [Accessed 2 Oct 2023]. days in a confinement setting followed by 86 days in an ambulatory setting 2013.

80 Kurachi T, Yuki D, Nakaya K, et al. A study to investigate exposure to selected Available: https://ClinicalTrials.gov/show/NCT01989156 [Accessed 2 Oct 2023].
cigarette smoke constituents in healthy japanese smokers who switched to a novel 101 Haziza C, de La Bourdonnaye G, Donelli A, et al. Reduction in Exposure to Selected
tobacco vapor product 2018. Available: https://www.jt-science.com/sites/default/ Harmful and Potentially Harmful Constituents Approaching Those Observed Upon
files/2018-11/2018-P8-v1.pdf [Accessed 2 Oct 2023]. Smoking Abstinence in Smokers Switching to the Menthol Tobacco Heating System

81 Yuki D, Takeshige Y, Nakaya K, et al. Assessment of the exposure to harmful and 2.2 for 3 Months (Part 1). Nicotine Tob Res 2020;22:539-48.
potentially harmful constituents in healthy Japanese smokers using a novel tobacco 102 Haziza C, de La Bourdonnaye G, Donelli A, et al. Favorable Changes in Biomarkers
vapor product compared with conventional cigarettes and smoking abstinence. of Potential Harm to Reduce the Adverse Health Effects of Smoking in Smokers
Regul Toxicol Pharmacol 2018;96:127-34. Switching to the Menthol Tobacco Heating System 2.2 for 3 Months (Part 2).

82 Tobacco J. A study to evaluate the exposure to selected smoke constituents in Nicotine Tob Res 2020;22:549-59.
healthy smokers using b-003 for 5 days confined in a hospital. Available: https:// 103 Philip Morris Products SA. Reduced exposure study in smokers using the tobacco
upload.umin.ac.jp/cgi-open-bin/ctr_e/ctr_view.cgi?recptno=R000029641 [Accessed heating system 2.2 (ths 2.2) for 5 days in a confinement setting 2013. Available:

2 Oct 2023]. https://ClinicalTrials.gov/show/NCT01970982 [Accessed 2 Oct 2023].

83 Tobacco J. A study to evaluate exposure to selected smoke constituents in healthy 104 Haziza C, de La Bourdonnaye G, Merlet S, et al. Assessment of the reduction in levels
adult smokers using heated tobacco products for 5 days under clinical confinement of exposure to harmful and potentially harmful constituents in Japanese subjects
2021. Available: https://upload.umin.ac.jp/cgi-open-bin/ctr_e/ctr_view.cgi?recptno= using a novel tobacco heating system compared with conventional cigarettes and
R000047425 [Accessed 2 Oct 2023]. smoking abstinence: A randomized controlled study in confinement. Regu/ Toxicol

84 Yuki D, Kikuchi A, Suzuki T, et al. Assessment of the exposure to selected smoke Pharmacol 2016;81:489-99.
constituents in adult smokers using in-market heated tobacco products: a 105 Haziza C, Bourdonnaye G, Skiada D, et al. Clinical reduced exposure study with 5
randomized, controlled study. Sci Rep 2022;12:18167. days in a confinement setting (rex-c). Japan: INTERVALS; 2019. Available: https://doi.

85 Tobacco J. A study to evaluate exposure to selected smoke constituents in healthy 0rg/10.26126/INTERVALS.QTDLIC.1
adult smokers using novel heated tobacco product dt3.0a for 5 days under clinical 106 Philip Morris Products SA. Clinical study report: zrhr-rexc-03-eu 2016. Available:
confinement 2021. Available: https://center6.umin.ac.jp/cgi-open-bin/ctr_e/ctr_view. https://www.fda.gov/tobacco-products/advertising-and-promotion/philip-morris-
Cgi?recptno=R000051745 [Accessed 22 Jan 2025]. products-sa-modified-risk-tobacco-product-mrtp-applications#7 [Accessed 2 Oct

86 Nishihara D, Yuki D, Suzuki T, et a/. A Randomized Control Study in Healthy Adult 2023].

Smokers to Assess Reduced Exposure to Selected Cigarette Smoke Constituents in 107 Philip Morris Products SA. Reduced exposure study in smokers using ths 2.2 with
Switching to the Novel Heated Tobacco Product DT3.0a. Clin Pharmacol Drug Dev 5 days in a confinement setting 2013. Available: https:/ClinicalTrials.gov/show/
2024;13:45-57. NCT01959932 [Accessed 2 Oct 2023].

87 Yuki D, Giles L, Harbo S, et al. Biomarkers assessment in healthy adult smokers who 108 Haziza C, Bourdonnaye G, Skiada D, et al. Clinical reduced exposure study with 5
switched from conventional cigarettes to two types of non-combustible tobacco days in a confinement setting (rex-c) - eu: intervals. 2019. Available: https://doi.org/
products: a randomized. Controlled Study: CORESTA SSPT; 2023. Available: https:/ 10.26126/INTERVALS.DMYNG5.1
www.jt-science.com/sites/jti-eps-v5/files/2023-10/2023-P21.pdf [Accessed 22 Jan 109 Haziza C, de La Bourdonnaye G, Skiada D, et al. Biomarker of exposure level
2025]. data set in smokers switching from conventional cigarettes to Tobacco Heating

88 Philip Morris Products SA. Reduced exposure study using the chtp 1.2 with 5 days in System 2.2, continuing smoking or abstaining from smoking for 5 days. Data Brief
a confinement setting followed by 85 days in an ambulatory setting 2016. Available: 2017;10:283-93.
https://ClinicalTrials.gov/show/NCT02641587 [Accessed 2 Oct 2023]. 110 Haziza C, de La Bourdonnaye G, Skiada D, et al. Evaluation of the Tobacco Heating

89 Philip Morris Products SA. Nicotine pharmacokinetic profile and safety of the System 2.2. Part 8: 5-Day randomized reduced exposure clinical study in Poland.
tobacco heating system 2.2 (ths2.2). 2013. Available: https://ClinicalTrials.gov/show/ Regul Toxicol Pharmacol 2016;81:5139-50.

NCT01959607 [Accessed 2 Oct 2023]. 111 Philip Morris Products S A. Exploratory ths 2.1 biomarkers of exposure study 2012.

90 Brossard P, Weitkunat R, Poux V, et al. Nicotine pharmacokinetic profile and safety of Available: https://ClinicalTrials.gov/show/NCT017807 14 [Accessed 2 Oct 2023].
the tobacco heating system (ths) 2.2. ZRHR-PK-02-JP: INTERVALS; 2019. Available: 112 PlasAA, Pouly S, et al. Association of urinary 11-dehydro-thromboxane b2 levels
https://doi.org/10.26126/INTERVALS.PXYGHW.1 in smoking, smoking cessation and tobacco heating system use. 2014. Available:

91 Philip Morris Products SA. Clinical study report: zrhr-pk-02-jp 2015. Available: https://www.pmiscience.com/library/publication/association-of-urinary-11-dehydro-
https://www.fda.gov/tobacco-products/advertising-and-promotion/philip-morris- thromboxane-b2-levels-in-smoking-smoking-cessation-and-tobacco-heating-system-
products-sa-modified-risk-tobacco-product-mrtp-applications#7 [Accessed 2 Oct use [Accessed 2 Oct 2023].

2023]. 113 Philip Morris Products S A. Evaluation of biological and functional changes in

92 Brossard P, Weitkunat R, Poux , et a/. Nicotine pharmacokinetic profiles of the healthy smokers after switching to ths 2.2 for 26 weeks 2015. Available: https:/
Tobacco Heating System 2.2, cigarettes and nicotine gum in Japanese smokers. ClinicalTrials.gov/show/NCT02396381 [Accessed 2 Oct 2023].

Regul Toxicol Pharmacol 2017,;89:193-9. 114 Ludicke F, Ansari SM, Lama N, et al. Effects of Switching to a Heat-Not-Burn Tobacco

93 Tran CT, Bosilkovska M, de La Bourdonnaye G, et al. Reduced levels of biomarkers Product on Biologically Relevant Biomarkers to Assess a Candidate Modified
of exposure in smokers switching to the Carbon-Heated Tobacco Product 1.0: a Risk Tobacco Product: A Randomized Trial. Cancer Epidemiol Biomarkers Prev
controlled, randomized, open-label 5-day exposure trial. Sci Rep 2020;10. 2019;28:1934-43.

94 Donelli A, Tran CT, Haziza C, et al. Biomarker of exposure reductions upon switching 115 Ansari SM, Lama N, Blanc N, et a/. Evaluation of Biological and Functional Changes
for 5 days from cigarettes to a carbon heated tobacco product (chtp 1.0). 2017. in Healthy Smokers Switching to the Tobacco Heating System 2.2 Versus Continued

12 Braznell S, et al. Tob Control 2025;0:1-13. doi:10.1136/tc-2024-059000


https://clinicaltrials.gov/study/NCT05114863
https://clinicaltrials.gov/study/NCT05114863
https://imperialbrandsscience.com/wp-content/uploads/2024/10/Heated-tobacco-and-heated-herbal-products-provide-adult-smokers-with-satisfactory-nicotine-delivery-a-pharmacokinetic-study_CORESTA-2024.pdf
https://imperialbrandsscience.com/wp-content/uploads/2024/10/Heated-tobacco-and-heated-herbal-products-provide-adult-smokers-with-satisfactory-nicotine-delivery-a-pharmacokinetic-study_CORESTA-2024.pdf
https://imperialbrandsscience.com/wp-content/uploads/2024/10/Heated-tobacco-and-heated-herbal-products-provide-adult-smokers-with-satisfactory-nicotine-delivery-a-pharmacokinetic-study_CORESTA-2024.pdf
https://clinicaltrials.gov/study/NCT06093659
https://clinicaltrials.gov/study/NCT05459857
http://dx.doi.org/10.1038/s41598-023-36259-1
http://dx.doi.org/10.1016/j.yrtph.2017.05.005
https://upload.umin.ac.jp/cgi-open-bin/ctr_e/ctr_view.cgi?recptno=R000020059
https://upload.umin.ac.jp/cgi-open-bin/ctr_e/ctr_view.cgi?recptno=R000020059
https://www.jt-science.com/sites/default/files/2018-11/2018-P8-v1.pdf
https://www.jt-science.com/sites/default/files/2018-11/2018-P8-v1.pdf
http://dx.doi.org/10.1016/j.yrtph.2018.05.001
https://upload.umin.ac.jp/cgi-open-bin/ctr_e/ctr_view.cgi?recptno=R000029641
https://upload.umin.ac.jp/cgi-open-bin/ctr_e/ctr_view.cgi?recptno=R000029641
https://upload.umin.ac.jp/cgi-open-bin/ctr_e/ctr_view.cgi?recptno=R000047425
https://upload.umin.ac.jp/cgi-open-bin/ctr_e/ctr_view.cgi?recptno=R000047425
http://dx.doi.org/10.1038/s41598-022-22997-1
https://center6.umin.ac.jp/cgi-open-bin/ctr_e/ctr_view.cgi?recptno=R000051745
https://center6.umin.ac.jp/cgi-open-bin/ctr_e/ctr_view.cgi?recptno=R000051745
http://dx.doi.org/10.1002/cpdd.1322
https://www.jt-science.com/sites/jti-eps-v5/files/2023-10/2023-P21.pdf
https://www.jt-science.com/sites/jti-eps-v5/files/2023-10/2023-P21.pdf
https://ClinicalTrials.gov/show/NCT02641587
https://ClinicalTrials.gov/show/NCT01959607
https://ClinicalTrials.gov/show/NCT01959607
https://doi.org/10.26126/INTERVALS.PXYGHW.1
https://www.fda.gov/tobacco-products/advertising-and-promotion/philip-morris-products-sa-modified-risk-tobacco-product-mrtp-applications#7
https://www.fda.gov/tobacco-products/advertising-and-promotion/philip-morris-products-sa-modified-risk-tobacco-product-mrtp-applications#7
http://dx.doi.org/10.1016/j.yrtph.2017.07.032
http://dx.doi.org/10.1038/s41598-020-76222-y
https://www.pmiscience.com/library/publication/biomarker-of-exposure-reductions-upon-switching-for-5-days-from-cigarettes-to-a-carbon-heated-tobacco-product-chtp-1.0
https://www.pmiscience.com/library/publication/biomarker-of-exposure-reductions-upon-switching-for-5-days-from-cigarettes-to-a-carbon-heated-tobacco-product-chtp-1.0
https://www.pmiscience.com/library/publication/biomarker-of-exposure-reductions-upon-switching-for-5-days-from-cigarettes-to-a-carbon-heated-tobacco-product-chtp-1.0
https://ClinicalTrials.gov/show/NCT02503254
https://doi.org/10.26126/INTERVALS.PVJ6QB.1
https://www.fda.gov/tobacco-products/advertising-and-promotion/philip-morris-products-sa-modified-risk-tobacco-product-mrtp-applications#7
https://www.fda.gov/tobacco-products/advertising-and-promotion/philip-morris-products-sa-modified-risk-tobacco-product-mrtp-applications#7
https://ClinicalTrials.gov/show/NCT01967719
https://ClinicalTrials.gov/show/NCT01967719
https://www.pmiscience.com/library/publication/pharmacokinetics-of-nicotine-and-subjective-effects-following-the-single-use-of-a-menthol-version-of-tobacco-heating-system-2.2-in-the-us-a-comparison
https://www.pmiscience.com/library/publication/pharmacokinetics-of-nicotine-and-subjective-effects-following-the-single-use-of-a-menthol-version-of-tobacco-heating-system-2.2-in-the-us-a-comparison
https://www.pmiscience.com/library/publication/pharmacokinetics-of-nicotine-and-subjective-effects-following-the-single-use-of-a-menthol-version-of-tobacco-heating-system-2.2-in-the-us-a-comparison
https://ClinicalTrials.gov/show/NCT01989156
http://dx.doi.org/10.1093/ntr/ntz013
http://dx.doi.org/10.1093/ntr/ntz084
https://ClinicalTrials.gov/show/NCT01970982
http://dx.doi.org/10.1016/j.yrtph.2016.09.014
http://dx.doi.org/10.1016/j.yrtph.2016.09.014
https://doi.org/10.26126/INTERVALS.QTDLIC.1
https://doi.org/10.26126/INTERVALS.QTDLIC.1
https://www.fda.gov/tobacco-products/advertising-and-promotion/philip-morris-products-sa-modified-risk-tobacco-product-mrtp-applications#7
https://www.fda.gov/tobacco-products/advertising-and-promotion/philip-morris-products-sa-modified-risk-tobacco-product-mrtp-applications#7
https://ClinicalTrials.gov/show/NCT01959932
https://ClinicalTrials.gov/show/NCT01959932
https://doi.org/10.26126/INTERVALS.DMYN65.1
https://doi.org/10.26126/INTERVALS.DMYN65.1
http://dx.doi.org/10.1016/j.dib.2016.11.047
http://dx.doi.org/10.1016/j.yrtph.2016.11.003
https://ClinicalTrials.gov/show/NCT01780714
https://www.pmiscience.com/library/publication/association-of-urinary-11-dehydro-thromboxane-b2-levels-in-smoking-smoking-cessation-and-tobacco-heating-system-use
https://www.pmiscience.com/library/publication/association-of-urinary-11-dehydro-thromboxane-b2-levels-in-smoking-smoking-cessation-and-tobacco-heating-system-use
https://www.pmiscience.com/library/publication/association-of-urinary-11-dehydro-thromboxane-b2-levels-in-smoking-smoking-cessation-and-tobacco-heating-system-use
https://ClinicalTrials.gov/show/NCT02396381
https://ClinicalTrials.gov/show/NCT02396381
http://dx.doi.org/10.1158/1055-9965.EPI-18-0915

Systematic review

116

117

118

119

120

121

122

123

124

125

126

127

128

129

Tobacco Smoking: Protocol for a Randomized, Controlled, Multicenter Study. JMIR
Res Protoc 2018;7:11294.

Philip Morris Products S A. Reduced exposure study using ths 2.2 menthol with 5
days in a confinement setting and 85 days in an ambulatory setting 2013. Available:
https://ClinicalTrials.gov/show/NCT01970995 [Accessed 2 Oct 2023].

Liidicke F, Picavet P, Baker G, et al. Effects of Switching to the Menthol Tobacco
Heating System 2.2, Smoking Abstinence, or Continued Cigarette Smoking on
Clinically Relevant Risk Markers: A Randomized, Controlled, Open-Label, Multicenter
Study in Sequential Confinement and Ambulatory Settings (Part 2). Nicotine Tob Res
2018;20:173-82.

Ltdicke F, Picavet P, Baker G, 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;20:161-72.

Philip Morris Products S A. Nicotine pharmacokinetic profile of the chtp 1.1 m 2015.
Available: https://ClinicalTrials.gov/show/NCT02466412 [Accessed 2 Oct 2023].
Ansari SM, Hession PS, David M, et al. Impact of switching from cigarette smoking
to tobacco heating system use on biomarkers of potential harm in a randomized
trial. Biomarkers 2024;29:298-314.

Philip Morris Products S A. Nicotine pharmacokinetic profile and safety of the
tobacco heating system 2.2. Available: https://ClinicalTrials.gov/show/NCT01967732
[Accessed 2 Oct 2023].

Philip Morris Products S A. Exploratory ths 2.1 nicotine pharmacokinetics and safety
study 2012. Available: https://ClinicalTrials.gov/show/NCT01780688 [Accessed 2 Oct
2023].

Picavet P, Haziza C, Lama N, et a/. Comparison of the Pharmacokinetics of Nicotine
Following Single and Ad Libitum Use of a Tobacco Heating System or Combustible
Cigarettes. Nicotine Tob Res 2016;18:557-63.

Philip Morris Products S A. Nicotine pharmacokinetic profile and safety of the
tobacco heating system2.2 menthol (ths2.2 menthol) 2013. Available: https:/
ClinicalTrials.gov/show/NCT01967706 [Accessed 2 Oct 2023].

Philip Morris Products S A. Clinical study report: zrhm-pk-05-jp 2015. Available:
https://www.fda.gov/tobacco-products/advertising-and-promotion/philip-morris-
products-sa-modified-risk-tobacco-product-mrtp-applications#7 [Accessed 2 Oct
2023].

Picavet P, Haziza C, Lama N, et a/. Nicotine pharmacokinetic profile and safety of
the ths 2.2 menthol - zrthm-pk-05-jp: intervals. 2019. Available: https://doi.org/10.
26126/INTERVALS.FAUH84.1 [Accessed 2 Oct 2023].

Philip Morris Products SA. Effect of switching from cigarette smoking to the use of
igos on periodontitis treatment outcome 2017. Available: https://ClinicalTrials.gov/
show/NCT03364751 [Accessed 2 Oct 2023].

Pouly S, Ng WT, Benzimra M, et al. Effect of Switching to the Tobacco Heating System
Versus Continued Cigarette Smoking on Chronic Generalized Periodontitis Treatment
Outcome: Protocol for a Randomized Controlled Multicenter Study. JMIR Res Protoc
2021;10:e15350.

Universitétsklinikum Schleswig-Holstein. Influences of different nicotine

applications on peripheral and central hemodynamic as well as on arterial stiffness
and endothelial dysfunction 2016. Available: https://drks.de/search/en/trial/
DRKS00012919 [Accessed 2 Oct 2023].

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

Franzen KF, Belkin S, Goldmann T, et a/. The impact of heated tobacco products on
arterial stiffness. Vasc Med 2020;25:572-4.

Belkin S, Benthien J, Axt PN, et al. Impact of Heated Tobacco Products, E-Cigarettes,
and Cigarettes on Inflammation and Endothelial Dysfunction. Int J Mol Sci
2023;24:9432.

Coluzzi F, Peruzzi M, et al. Role of traditional cigarettes, electronic and igos
cigarettes on oxidative stress 2017. Available: https://ClinicalTrials.gov/show/
NCT03301129 [Accessed 2 Oct 2023].

Biondi-Zoccai G, Sciarretta S, Bullen C, et a/. Acute Effects of Heat-Not-Burn,
Electronic Vaping, and Traditional Tobacco Combustion Cigarettes: The Sapienza
University of Rome-Vascular Assessment of Proatherosclerotic Effects of Smoking
(SUR-VAPES) 2 Randomized Trial. JAHA 2019;8.

Virginia Commonwealth University. Assessment of Two New Electronic Cigarettes in
Cigarette Smokers 2018, Available: https://ClinicalTrials.gov/show/NCT03435562
lkonomidis |, Vlastos D, Kostelli G, et al. Differential effects of heat-not-burn and
conventional cigarettes on coronary flow, myocardial and vascular function. Sci Rep
2021;11:11808.

University of Athens. The effects of i quit ordinary smoking on the arterial wall and
endothelial glycocalyx properties of smokers 2018. Available: https:/clinicaltrials.
gov/ct2/show/NCT03452124 [Accessed 2 Oct 2023].

loakeimidis N, Emmanouil E, Terentes-Printzios D, et al. Acute effect of heat-not-burn
versus standard cigarette smoking on arterial stiffness and wave reflections in young
smokers. Eur J Prev Cardiol 2021;28:e9-11.

Lopez AA, Hiler M, Maloney S, et al. Expanding clinical laboratory tobacco product
evaluation methods to loose-leaf tobacco vaporizers. Drug Alcohol Depend
2016;169:33-40.

Goebel I, Mohr T, Axt PN, et a/. Impact of Heated Tobacco Products, E-Cigarettes, and
Combustible Cigarettes on Small Airways and Arterial Stiffness. Toxics 2023;11:758.
Memmel C. Varus knee deviation - selection bias or due to football exposure. 2020.
Available: https://drks.de/search/en/trial/DRKS00020446 [Accessed 22 Jan 2025].
Lyytinen G, Melnikov G, Brynedal A, et al. Use of heated tobacco products (IQOS)
causes an acute increase in arterial stiffness and platelet thrombus formation.
Atherosclerosis 2024;390:117335.

Antoniewicz L, Melnikov G, Lyytinen G, et al. Vascular Stress Markers Following
Inhalation of Heated Tobacco Products: A Study on Extracellular Vesicles. Cardiovasc
Toxicol 2025;25:1-8.

University of Vienna. University of vienna. evaluation of inflammatory cytokines
during covid-19. 2021. Available: https://clinicaltrials.gov/study/NCT04824495
[Accessed 22 Jan 2025].

Yaman B, Akpinar O, Kemal HS, et al. Comparison of 1QOS (heated tobacco) and
cigarette smoking on cardiac functions by two-dimensional speckle tracking
echocardiography. Toxicol Appl Pharmacol 2021;423:115575.

Chu'S, Li X, Zhang D, et al. Impact of Heating Conventional Cigarettes With a Novel
Device on Health-Related Biomarkers and Cigarette Use Patterns Among Chinese
Adult Smokers Unwilling to Quit: A Pilot Randomized Controlled Trial. Nicotine and
Tobacco Research 2024.

Xiaobo L. Effect of switching from lighting smoking to using a heating system to
smoke in reducing exposure to tobacco-related toxicants among chinese smokers
2022. Available: https://www.chictr.org.cn/showproj.html?proj=182595 [Accessed
22 Jan 2025].

Braznell S, et al. Tob Control 2025;0:1—13. doi:10.1136/tc-2024-059000


http://dx.doi.org/10.2196/11294
http://dx.doi.org/10.2196/11294
https://ClinicalTrials.gov/show/NCT01970995
http://dx.doi.org/10.1093/ntr/ntx028
http://dx.doi.org/10.1093/ntr/ntw287
https://ClinicalTrials.gov/show/NCT02466412
http://dx.doi.org/10.1080/1354750X.2024.2358318
https://ClinicalTrials.gov/show/NCT01967732
https://ClinicalTrials.gov/show/NCT01780688
http://dx.doi.org/10.1093/ntr/ntv220
https://ClinicalTrials.gov/show/NCT01967706
https://ClinicalTrials.gov/show/NCT01967706
https://www.fda.gov/tobacco-products/advertising-and-promotion/philip-morris-products-sa-modified-risk-tobacco-product-mrtp-applications#7
https://www.fda.gov/tobacco-products/advertising-and-promotion/philip-morris-products-sa-modified-risk-tobacco-product-mrtp-applications#7
https://doi.org/10.26126/INTERVALS.F4UH84.1
https://doi.org/10.26126/INTERVALS.F4UH84.1
https://ClinicalTrials.gov/show/NCT03364751
https://ClinicalTrials.gov/show/NCT03364751
http://dx.doi.org/10.2196/15350
https://drks.de/search/en/trial/DRKS00012919
https://drks.de/search/en/trial/DRKS00012919
http://dx.doi.org/10.1177/1358863X20943292
http://dx.doi.org/10.3390/ijms24119432
https://ClinicalTrials.gov/show/NCT03301129
https://ClinicalTrials.gov/show/NCT03301129
http://dx.doi.org/10.1161/JAHA.118.010455
https://ClinicalTrials.gov/show/NCT03435562
http://dx.doi.org/10.1038/s41598-021-91245-9
https://clinicaltrials.gov/ct2/show/NCT03452124
https://clinicaltrials.gov/ct2/show/NCT03452124
http://dx.doi.org/10.1177/2047487320918365
http://dx.doi.org/10.1016/j.drugalcdep.2016.10.005
http://dx.doi.org/10.3390/toxics11090758
https://drks.de/search/en/trial/DRKS00020446
http://dx.doi.org/10.1016/j.atherosclerosis.2023.117335
http://dx.doi.org/10.1007/s12012-024-09934-6
http://dx.doi.org/10.1007/s12012-024-09934-6
https://clinicaltrials.gov/study/NCT04824495
http://dx.doi.org/10.1016/j.taap.2021.115575
http://dx.doi.org/10.1093/ntr/ntae177
http://dx.doi.org/10.1093/ntr/ntae177
https://www.chictr.org.cn/showproj.html?proj=182595

	Impact of heated tobacco products on biomarkers of potential harm and adverse events: a systematic review and meta-­analysis
	Abstract
	Introduction
	Methods
	Search strategy
	Study selection
	Data extraction
	Risk of bias assessment
	Data synthesis

	Results
	Included studies
	Risk of bias
	Impact on biomarkers of potential harm
	Impact on adverse events
	Adverse events
	Serious adverse events

	Novel skin staining study (Dalrymple, 2022)

	Discussion
	Strengths and limitations

	Conclusions
	References


