Cooperation Centre for Scientific Research
Relative to Tobacco

CORESTA Guide N° 29

Best Practice in the Application of
Biomarkers of Exposure as Compliance
Measures in Long-Term and
Epidemiological Studies of New Nicotine
and Tobacco Products

April 2024

Biomarkers Sub-Group



CORESTA TECHNICAL GUIDE N° 29

Title:

Best Practice in the Application of Biomarkers of Exposure as Compliance Measures in
Long-Term and Epidemiological Studies of New Nicotine and Tobacco Products

Status: Valid

Note: This document will be periodically reviewed by CORESTA

Document history:

Date of review Information

April 2024 Version 1

CORESTA Guide No. 29 — April 2024 2/13




TABLE OF CONTENTS

1. INTRODUCTION. ..ottt sttt bbb be s e e e 4
2. FIELD OF APPLICATION ...ttt ittt sttt sttt sne s e eneens 4
3. BASIC CONSIDERATIONS FOR THE EVALUATION OF A BOE AS
COMPLIANCE MEASURE ...ttt ettt ana e 4
4. CANDIDATES FOR BIOMARKERS OF COMPLIANCE .......cccooiiiiiie e 5
4.1 BoE for the verification of smoking and smoking abstinence............cc.ccooevvivinnnn, 5
4.2 BOE for the verification of vaping ECS ........ccoviiiiiieii e 7
4.3 BOE for the verification OF HTP USE .......ccoovieiiriiiie e 7
4.4  BOE for the verification Of SLT USE .....cccoviiiiiiieiiii e 7
4.5 BOE for the verification OF NP USE ........cccoiiiiiiiieiie i 7
5. SUGGESTED PANEL OF BIOMARKERS FOR COMPLIANCE .........cccccoovviiiiiniainnnns 8
6. FUTURE DIRECTIONS .....cooiiiieii ettt 11
7. REVISION OF THE GUIDE .......cccoiiiiiicicteeee ettt 11
8. REFERENGCES..... .ottt bbb 12

CORESTA Guide No. 29 — April 2024 3/13



1. INTRODUCTION

Over the past decade, the tobacco landscape has changed drastically with several new emerging
product categories available such as e-cigarettes (ECs), heated tobacco products (HTPs) and
oral nicotine delivery products (nicotine pouches (NP)). The use of these products comes along
with a drastically reduced exposure to most harmful constituents in contrast to tobacco smoke
exposure. In order to assess the potential benefits for public health, long-term and large
population-representative studies are needed. However, such settings come along with a
potential lack in compliance when participants are categorized in one of the new
nicotine/tobacco product categories by self-report. Suitable biomarkers of exposure (BoE) as
compliance measures, so-called biomarkers of compliance, are needed for a robust risk
assessment over a longer term and in uncontrolled settings. Such BoE shall be specific to the
use of one nicotine/tobacco product category so that the self-reported use can be biochemically
verified within the study. Historically, exhaled carbon monoxide (eCO) and cotinine (major
metabolite of nicotine) have been used to verify tobacco use or abstinence. Now that smoking
is becoming less abundant while new forms of tobacco and nicotine products are emerging,
those two BOE are not sufficient to monitor product use compliance in most studies. Vapers,
HTP users, smokeless tobacco (SLT) or NP consumers will all have low eCO levels in the range
of non-smokers with elevated cotinine concentrations, and measurements of eCO and/or
cotinine alone will not be able to distinguish their product use. Hence, a larger set of BoE is
needed to verify product use compliance.

This guide discusses the suitability of BoE for measuring product compliance based on their
abundance, specificity and half-life and suggests single BoE and BoE patterns to verify product
use status for the most popular product categories (EC, HTP, NP) as well as combustible
cigarettes (CC) and traditional, smokeless tobacco (SLT) like moist snuff based on the current
scientific literature.

The guide may help researchers in the field in the design of new studies with a robust assessment
of subjects’ compliance in long-term, epidemiological and/or cross-sectional studies where the
use behaviour of the subjects is not under rigorous control but mainly assessed by self-report.

2. FIELD OF APPLICATION

The guide provides an overview of the current research on potential compliance biomarkers,
and gives recommendations for biomarkers of compliance in a clinical study assessing new
nicotine/tobacco products. The guide will be updated based on new research which identifies
biomarkers specific to the exposure of one or several nicotine product categories.

It is applicable for researchers conducting clinical studies with users of nicotine/tobacco
products, especially for longitudinal, cross-sectional, and epidemiological studies.

3. BASIC CONSIDERATIONS FOR THE EVALUATION OF A
BOE AS A COMPLIANCE MEASURE

The properties which need to be taken into account in the evaluation of the suitability of a BoE
as a measure of compliance in terms of product use or abstinence are summarized in this section.
A robust biomarker of compliance is ideally specific to the use of one nicotine/tobacco product.
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If a BoE is present in users of several product categories at different concentrations
(e.g., CC>HTP > EC) it can still be useful to discriminate those groups from one another
and/or from non-users, especially as part of a pattern of several biomarkers of compliance.
While BoE levels may be significantly different between groups, it is hard to discriminate the
use behaviour on an individual level applying one single biomarker to which different product
user groups are exposed, albeit at different concentrations. Especially, if the BoE has a short
half-life of only few hours, individuals with a presumably high exposure might be misclassified
as users of a product with generally less exposure if the time gap between sample collection
and product use is too large. This limitation will be explained in Section 4.1 for eCO.
Optimally, a biomarker of compliance is only detectable in one exposure group. At least, the
concentrations should differ with high significance so that there is no pronounced overlap
between different user groups on an individual level. Thresholds should be implemented based
on data from large cohorts in order to properly validate the analyte as biomarker of compliance,
wherever possible.

Elevated occupational exposure or dietary intake may occur for a biomarker of compliance.
Hence, the subject’s profession, as well as dietary habits should be documented in the study so
that these sources can be checked as a cause for observed non-compliance.

Moreover, a long half-life of the BoE would be preferred in order to monitor the exposure over
longer time periods of days or even weeks. This would allow investigators to have robust
compliance monitoring especially in study designs where in-clinic visits may be several weeks
apart.

Ideally, the excretion Kkinetics and the concentration levels in exposed and non-exposed
populations of the specific BoE will have been investigated in detail so that thresholds can be
set to detect current use and abstinence.

Finally, the biological matrix in which the BoE is measured shall be easily accessible.

E.g., in terms of cigarette smoking, a long-term biomarker for acrylonitrile exposure
(N-(2-cyanoethyl)valine (CEVal)) was recently suggested. This biomarker is highly specific to
tobacco smoke exposure and can be used to discriminate people who smoke CC from non-
smokers, HTP users and even dual users [1].

4. CANDIDATES FOR BIOMARKERS OF COMPLIANCE

4.1 BoE for the verification of smoking and smoking abstinence

Tobacco smoke exposure from CC has been extensively investigated over the last 60 years.
The toxicant exposure profile from smoking is well understood and numerous harmful and
potentially harmful constituents (HPHC) can serve as suitable candidates to monitor the
smoking status.

eCO and Cotinine

As discussed in the introduction, smoking status has been verified by means of eCO and/or
cotinine in the past. eCO is elevated in people who smoke CC at 2-18 ppm in contrast to
non-smokers with 1-4 ppm [2]. Historically, eCO cut-off concentrations between 7 and 10 ppm
have been applied in clinical studies. The SRNT Subcommittee on Biochemical Verification
report recommended cut-off concentrations for eCO between 8 and 10 ppm [3]. One limitation
with this proposed biomarker is that it has a short half-life of around 4.6 £ 1.6 h in smoking
subjects meaning that it can only detect very recent smoking [4]. Moreover, exhaled CO is rather
insensitive and light smoking and/or plain inhalation may not be detected accurately [4, 5].
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Cotinine as the major metabolite of nicotine is not specific to smoking as it can be detected by
exposure to any nicotine containing product (including vaping, heated tobacco and oral
products), making it obsolete in long-term switching trials for the verification of the smoking
status. But it can still be used to distinguish nicotine consumers from non-users. Plasma
cotinine of 3 ng/mL was defined to distinguish people who smoke CC from non-smokers based
on data from the US National Health and Nutrition Examination Survey [6]. Urinary cotinine
concentrations are, on average, five times higher compared to plasma [7]. Therefore, a level of
15 ng/mL in urine could be proposed as a cut-off to differentiate active smoking from passive
smoking and non-smokers. Urinary cotinine thresholds at screening are mostly reported at
200 ng/mL which is the nominal cut-off concentration of the point-of-care strip test commonly
used at screening. When measuring cotinine in plasma or urine by means of LC-MS/MS the
lower thresholds shall be considered.

The use of a biomarker specific to smoking with longer half-life would be desirable in
combination with biomarkers specific to the use of other nicotine products such as ECs or NPs
to distinguish between use of different product categories.

Yet, due to the availability of low-cost, easy-to-use tests for eCO and urine cotinine (strip-test),
their application during screening to receive a fast response regarding the participants’
eligibility to be included into the study is still encouraged. For cotinine, saliva strip-test with
higher sensitivity compared to urine is now available and, therefore, recommended [8].

Acrylonitrile Exposure Markers

Exposure to the combustion product acrylonitrile is highly specific to smoking. The urinary
metabolite 2-cyanoethylmercapturic acid (2CyEMA) was recently suggested to distinguish
smoking from other forms of nicotine and tobacco use [9]. Researchers from the US Center for
Disease Control proposed a cut-off concentration of 7.32 ng/mL in urine to classify people who
smoke CC [10].

The hemoglobin adduct formed from acrylonitrile (CEVal) has a longer half-life of around
30 days [1] compared to 8 hours for 2CyEMA [11] and can therefore detect past smoking over
a longer time frame which is beneficial in long-term trials where subjects re-visit the clinic only
after several weeks or months. Based on large clinical studies in smokers quitting or switching
to an HTP, a cut-off concentration of 35 pmol/g globin was suggested to verify the smoking
status [1].

Additional Potential Markers

Other BoE with significantly higher concentrations in users of CC compared to the other
nicotine/tobacco product use categories include several volatile organic compounds (VOCs),
aromatic amines (AAs), polyaromatic hydrocarbons (PAHSs), and tobacco-specific nitrosamines
(TSNASs) in urine. Scherer et al. recently conducted a review to identify BoE capable of
distinguishing between various tobacco and nicotine product user groups [12]. There, urinary
metabolites of N-nitrosoanabasine (NAB), acrolein (3HPMA), crotonaldehyde (3HMPMA),
isoprene (IPMAZ3), benzene (PhMA), acrylonitrile (2CyEMA), 2-aminonaphthalene (2-AN),
4-aminobiphenyl (4-ABP) and naphthalene (1-hydroxynaphthalene (1-OH-Nap)) were
suggested as possible biomarkers to distinguish smoking from non-smoking and the use of other
products. Recent findings confirm this hypothesis for all BoE listed here. However, with regard
to 3HPMA elevated levels were recently also found in HTP users albeit lower compared to
smoking of CC [13].
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Nicotine metabolites like cotinine can detect nicotine use in general as discussed previously.
Minor alkaloids and TSNAs can be helpful to identify tobacco use. For instance, anabasine
(AB), anatabine (AT), nicotelline, and NNAL have been used to detect tobacco use in terms of
smoking or SLT use in urine [8, 14-17]. However, nicotelline has a very short half-life of 2-
3 hours, followed by AB and AT with 10 - 16 hours. Hence, NNAL seems superior in that
regard with an average half-life of 10 — 40 days [8] and can be used to differentiate CC
consumption from EC or NP use.

4.2 BoOE for the verification of vaping ECs

Propylene glycol (PG) in urine and plasma has been the only BoE reported in the literature so
far to be significantly elevated in exclusive vapers compared to all other forms of
nicotine/tobacco use or non-users [18, 19]. Elevated levels compared to non-users were only
observed in vapers. PG in urine and plasma, respectively, can be considered for the verification
of EC use. However, further studies in larger cohorts will be needed to prove its suitability and
to define thresholds.

4.3 BOE for the verification of HTP use

In general, toxicant exposure is significantly reduced in HTP users compared to people who
smoke CC [20]. However, a few reports suggest elevated BoE levels in HTP users compared
to non-users, e.g., the urinary metabolites of acrylamide (AAMA/GAMA), 3HPMA
(mercapturic acid of acrolein) and HMPMA (mercapturic acid of crotonaldehyde), as well as
TSNAs in urine [13, 21, 22]. Hence, if these BoE had levels significantly different from both
CC smokers and non-users they might be of interest for compliance monitoring. However,
further research in larger cohorts will be needed to determine the interindividual variability for
the different user groups and finally to distinguish appropriate cut-offs which are specific to
HTP use. Moreover, confounding factors such as dietary and other environmental sources may
add to the overall burden, which needs to be considered when applying these BoE to verify
HTP use.

4.4 BOoE for the verification of SLT use

SLT use comes with the exposure to tobacco-specific constituents like nicotine, minor alkaloids
and TSNAs but without the constituents formed during combustion. Therefore, a combination
of either TSNAs or minor alkaloids (AB/AT) and biomarkers of combustible exposure like
2-CyEMA have been recently applied to verify SLT use/abstinence in urine [14].

4.5 BOoE for the verification of NP use

In the same study as mentioned in Section 0, NP use was verified by means of urinary cotinine
to confirm nicotine exposure and the lack of the minor alkaloids AB/AT [14]. While this BoE
pattern confirms abstinence from tobacco-derived nicotine consumption per se, it is insufficient
to verify NP use, since this pattern may also be achieved in EC vapers or users of nicotine
replacement therapies like nicotine inhalers or gums. Further research is needed to identify
specific biomarkers of NP exposure, especially since AB/AT were detected in NP users in a
cross-sectional study [14].
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5. SUGGESTED PANEL OF BIOMARKERS FOR COMPLIANCE

Especially in terms of smoking, a large set of BoE can be applied to monitor compliance. In
general, all combustion-derived biomarkers which were found to be significantly elevated in
people who smoke can apply. BoE with long half-lives, high detection rate and specificity are
preferred. Per the guidelines proposed herein, CEVal in blood is superior as a biomarker of
smoking to all other compounds discussed in Section 0 in terms of sensitivity, specificity and
long-term detectability. If CEVal cannot be measured, for instance, in studies where only urine
is collected or due to other technical constraints, 2CyEMA is suggested. eCO is measured
rapidly and cost-effectively and can be implemented for screening to get a rapid verification
while CEVal and 2CyEMA are usually analyzed with a time delay of days to weeks after sample
collection.

Verifying tobacco use, either from combustible or non-combustible products (CC, SLT, HTP),
can be monitored by minor alkaloids and TSNAs in urine. In terms of TSNAs, CC and SLT
consumers have higher levels as compared to HTP users. More data are needed to confirm the
significant difference between CC/SLT versus HTP users. Adding further BoE which show
altered concentrations for the different use groups can help to differentiate between these three
groups.

PG was reported as a specific BoE to EC vaping, however this observation needs further
verification. According to the current literature, PG in urine seems to be the best option to
verify EC use.

In terms of NP use, no robust pattern of BoE can be proposed at the current stage. Detection of
urinary cotinine in combination with the lack of minor alkaloids, TSNAs and PG in urine can be
regarded as an indicator, however, this biomarker pattern would not detect NP use unequivocally.
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Figure 1 illustrates a decision tree suggesting a panel of biomarkers of compliance in order to
distinguish all product categories. The decision tree is intended to help identify suitable
biomarkers of compliance for the intended study and can be modified depending on the study
design and especially the user groups which need to be distinguished.

Examples are illustrated in:

e Figure 2: verification of CC and EC use
e Figure 3: verification of CC, SLT, and NP use
e Figure 4: verification of CC and HTP use.

The symbols “+” and “-” illustrate the detection of the biomarker of compliance above
(positive; +) or below (negative; -) a pre-defined cut-off. The cut-off can be a fixed
concentration or defined as quantifiable / detectable (below or above the lower limit of
quantification; below or above the limit of detection).

For proposed biomarkers of compliance where more data is needed to verify its suitability,
dashed lines are given in the decision tree. For instance, PG in urine has been shown to be
strongly elevated in vapers of ECs in two studies. Yet, the results need to be confirmed with
larger sample sizes to substantiate the validity of urinary PG as biomarker of compliance. The
same applies to the proposed biomarkers of compliance to verify HTP use.

Where several BoE can be applied, their prioritization is ranked with a), b), and c).

(u): urine; (b): blood

Test for nicotine use:
Cotinine (u)

CC/SLT/HTP
I EC /NP

Test for tobacco use:
a) NNAL (u); b) AB (u), AT (u);
c) Nicotelline (u); NAB (u)

CC/SLT/
HTP

. Test for combustible product use:
Test for vaping:
a) CEVal (b); b) 2CyEMA (u);
PG (1) ) (6; ) 20YEMA (0

Test for stratification SLT/HTP
product use:

3HPMA (u); AAMA (u); HMPMA (u)

SLT/HTP

Non-user

Figure 1: Decision tree with suggested panel of BoE to discriminate between the different product user
groups (CC, EC, SLT, NP, HTP) and non-users. Dashed lines illustrate lower certainty due to
insufficient data at present.
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Test for nicotine use:
Cotinine (u)

Test for combustible product use:

a) CEVal (b); b) 2CyEMA (u);
c)eCO

SLT/HTP/
NP

Non-user

Figure 2: Decision tree for the verification of CC and EC use. Dashed lines illustrate lower certainty
due to insufficient data at present.

Test for nicotine use:
Cotinine (u)

Test for tobacco use:

a) NNAL (u); b) AB (u), AT (u);
¢) Nicotelline (u); NAB (u)

Test for combustible product use:
a) CEVal (b); b) 2CyEMA (u);
c) eCO

Non-user

Figure 3: Decision tree for the verification of CC, SLT and NP use. Dashed lines illustrate lower
certainty due to insufficient data at present.

Test for nicotine use:
Cotinine (u)

Test for tobacco use:

a) NNAL (u); b) AB (u), AT (u); c)
Nicotelline (u); NAB (u)

Test for combustible product use:

a) CEVal (b); b) 2CyEMA (u);
c)eCO

Non-user

Figure 4: Decision tree for the verification of CC and HTP use. Dashed lines illustrate lower certainty
due to insufficient data at present.
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6. FUTURE DIRECTIONS

The identification of BoE specific to the use of one product category is challenging.
Improvements in non-targeted analytical approaches such as chromatographic separation
techniques coupled to high resolution mass spectrometry like gas chromatography coupled with
time-of-flight mass spectrometry or liquid chromatography coupled with orbitrap high
resolution mass spectrometry reveal new insights into the global exposure profile of the various
product user groups. Group comparisons between people who smoke CC, non-nicotine users
and other nicotine/tobacco product user groups can detect significant differences in the
exposure profiles (exposome) and identify the corresponding compounds by means of high-
resolution mass spectrometry. Moreover, promising candidates like PG in urine for compliance
with EC vaping will need further investigations in larger cohorts to validate their specificity
and sensitivity as biomarkers of compliance. Even for BoE for which cut-offs have been
proposed, more research will be needed to substantiate the findings. For instance, the CEVal
cut-offs were proposed based on few studies in European populations only and need verification
in other populations. Finally, biomarker ratios (e.g., 2CyEMA/cotinine or 2CyEMA/NNAL)
may increase the certainty instead of the absolute concentrations of a biomarker panel to
distinguish between use groups in the future [15].

7. REVISION OF THE GUIDE

The BMK Sub-Group will review the literature with regard to new findings in terms of BoE
capable of discriminating between the use groups on a regular basis and revise the guide
accordingly.

CORESTA Guide No. 29 — April 2024 11/13



10.

11.

12.

13.

REFERENCES

Camacho OM, McEwan M, Gale N, Pluym N, Scherer M, Hardie G, Murphy J. Adduct
N-(2-cyanoethyl)valine as a Biomarker Of Compliance in Smokers Switching to Tobacco
Heating Products. Preprints 2021; 2021080085.

Maga M, Janik MK, Wachsmann A, Chrzastek-Janik O, Koziej M, Bajkowski M, Maga
P, Tyrak K, Wojcik K, Gregorczyk-Maga I, Nizankowski R. Influence of air pollution on
exhaled carbon monoxide levels in smokers and non-smokers. A prospective cross-
sectional study. Environ Res 2017; 152:496-502.

Benowitz NL, Jacob P, 111, Ahijevych K, Jarvis MJ, Hall S, LeHouezec J, Hansson A,
Lichtenstein E, Henningfield J, Tsoh J, et al. Biochemical verification of tobacco use and
cessation. Nicotine & Tobacco Research 2002; 4:149-159.

Pan KT, Leonardi GS, Ucci M, Croxford B. Can Exhaled Carbon Monoxide Be Used as
a Marker of Exposure? A Cross-Sectional Study in Young Adults. Int J Environ Res
Public Health 2021; 18.

Jarvis MJ, Tunstall-Pedoe H, Feyerabend C, Vesey C, Saloojee Y. Comparison of tests
used to distinguish smokers from nonsmokers. Am J Public Health 1987; 77:1435-1438.

Benowitz NL, Bernert JT, Caraballo RS, Holiday DB, Wang J. Optimal serum cotinine
levels for distinguishing cigarette smokers and nonsmokers within different racial/ethnic
groups in the United States between 1999 and 2004. Am J Epidemiol 2009; 169:236-248.

Benowitz NL, Dains KM, Dempsey D, Herrera B, Yu L, Jacob P, 3rd. Urine nicotine
metabolite concentrations in relation to plasma cotinine during low-level nicotine
exposure. Nicotine Tob Res 2009; 11:954-960.

Benowitz NL, Bernert JT, Foulds J, Hecht SS, Jacob P, Jarvis MJ, Joseph A, Oncken C,
Piper ME. Biochemical Verification of Tobacco Use and Abstinence: 2019 Update.
Nicotine Tob Res 2020; 22:1086-1097.

Luo X, Carmella SG, Chen M, Jensen JA, Wilkens LR, Le Marchand L, Hatsukami DK,
Murphy SE, Hecht SS. Urinary Cyanoethyl Mercapturic Acid, a Biomarker of the Smoke
Toxicant Acrylonitrile, Clearly Distinguishes Smokers From Nonsmokers. Nicotine Tob
Res 2020; 22:1744-1747.

Bhandari D, Zhang L, Zhu W, De Jesus VR, Blount BC. Optimal Cutoff Concentration
of Urinary Cyanoethyl Mercapturic Acid for Differentiating Cigarette Smokers from
Nonsmokers. Nicotine Tob Res 2021.

Jakubowski M, Linhart I, Pielas G, Kopecky J. 2-Cyanoethylmercapturic acid (CEMA)
in the urine as a possible indicator of exposure to acrylonitrile. BrJindMed 1987; 44:834-
840.

Scherer G, Pluym N, Scherer M. Intake and Uptake of Chemicals Upon Use of Various
Tobacco/Nicotine Products: Can Users be Differentiated by Single or Combinations of
Biomarkers? Contributions to Tobacco & Nicotine Research 2021; 30:167-198.

Scherer G, Pluym N, Scherer M. Comparison of urinary mercapturic acid excretions in
users of various tobacco/nicotine products. Drug Test Anal 2022.

CORESTA Guide No. 29 — April 2024 12/13



14.

15.

16.

17.

18.

19.

20.

21.

22.

Azzopardi D, Haswell LE, Frosina J, McEwan M, Gale N, Thissen J, Meichanetzidis F,
Hardie G. Assessment of biomarkers of exposure and potential harm, and physiological
and subjective health measures in exclusive users of nicotine pouches and current, former
and never smokers. Biomarkers 2022; 28.

Goniewicz ML. Biomarkers of Electronic Nicotine Delivery Systems (ENDS) Use.
Addiction Neuroscience 2023:100077.

Jacob P, Chan L, Cheung P, Bello K, Yu L, StHelen G, Benowitz NL. Minor Tobacco
Alkaloids as Biomarkers to Distinguish Combusted Tobacco Use From Electronic
Nicotine Delivery Systems Use. Two New Analytical Methods. Front Chem 2022;
10:7490809.

Jacob P, St Helen G, Yu L, Nardone N, Havel C, Cheung P, Benowitz NL. Biomarkers
of Exposure for Dual Use of Electronic Cigarettes and Combustible Cigarettes:
Nicotelline, NNAL, and Total Nicotine Equivalents. Nicotine Tob Res 2020; 22:1107-
1113.

Burkhardt T, Pluym N, Scherer G, Scherer M. 1,2-Propylene Glycol: A Biomarker of
Exposure Specific to e-Cigarette Consumption. Separations 2021; 8:180.
https://doi.org/10.3390/separations8100180.

Hiler M, Karaoghlanian N, Talih S, Maloney S, Breland A, Shihadeh A, Eissenberg T.
Effects of electronic cigarette heating coil resistance and liquid nicotine concentration on
user nicotine delivery, heart rate, subjective effects, puff topography, and liquid
consumption. Exp Clin Psychopharmacol 2020; 28:527-539.

Drovandi A, Salem S, Barker D, Booth D, Kairuz T. Human Biomarker Exposure From
Cigarettes Versus Novel Heat-Not-Burn Devices: A Systematic Review and Meta-
Analysis. Nicotine Tob Res 2020; 22:1077-1085.

Scherer G, Scherer M, Mutze J, Hauke T, Pluym N. Assessment of the Exposure to
Tobacco-Specific Nitrosamines and Minor Tobacco Alkaloids in Users of Various
Tobacco/Nicotine Products. Chem Res Toxicol 2022; 35:684-693.

Haziza C, de La Bourdonnaye G, Skiada D, Ancerewicz J, Baker G, Picavet P, Ludicke F.
Evaluation of the Tobacco Heating System 2.2. Part 8: 5-Day randomized reduced exposure
clinical study in Poland. Regul Toxicol Pharmacol 2016; 81 Suppl 2:5139-S150.

CORESTA Guide No. 29 — April 2024 13/13


https://doi.org/10.3390/separations8100180

	1. INTRODUCTION
	2. FIELD OF APPLICATION
	3. BASIC CONSIDERATIONS FOR THE EVALUATION OF A BOE AS A COMPLIANCE MEASURE
	4. CANDIDATES FOR BIOMARKERS OF COMPLIANCE
	4.1 BoE for the verification of smoking and smoking abstinence
	4.2 BoE for the verification of vaping ECs
	4.3 BoE for the verification of HTP use
	4.4 BoE for the verification of SLT use
	4.5 BoE for the verification of NP use

	5. SUGGESTED PANEL OF BIOMARKERS FOR COMPLIANCE
	6. FUTURE DIRECTIONS
	7. REVISION OF THE GUIDE
	8. REFERENCES

