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Abstract

Assessment of potentially reduced risk tobacco products (PRRPs) can be facilitated with availability of a single baseline population estimate for biomarkers of exposure (BOEs) for select
constituents in cigarette smoke. The purpose of this analysis is to establish such a population estimate for BOEs to carbon monoxide (carboxyhemoglobin - COHb), nicotine (Nicotine Equivalents -
NEQ), and nicotine-derived nitrosamine ketone (NNK; total urinary 4-[methylnitrosamino]-1-[3-pyridyl]-1-butanol [NNAL] - NNAL) based on pooled weighted average from published literature.

Four databases - PubMed®, ScienceDirect®, TOXNET®, and Google Scholar™ — were systematically searched for published literature between 2008-2020 based on a protocol for literature
assessment to identify and select studies. A total of 217 scientific articles were identified and reviewed for potential inclusion, 87 studies met the pre-set criteria (reported clinical studies and/or
observational studies with reportable original values), and 53 studies met the inclusion criteria for each BOE. We determined the pooled weighted average based on Epanechnikov kernel density
curves. The NNAL levels were normalized to a unit (pmol/mg creatinine) commonly used in research studies and reported as geometric means.

Smokers had significantly (p<0.05) higher levels of NNAL (1.112 pmol/mg creatinine; 95% confidence interval [CI] 0.161, 2.047), COHb (5.21 % saturation; 95% CI 3.91, 6.00), and NEQ (13.81
mg/24 h; 95% CI 9.08, 21.19)compared to non-smokers (0.008 pmol/mg creatinine, 95% CI 0.001, 0.017 for NNAL; 1.05% saturation, 95% CI 0.04, 2.07 for COHb; and 0.058 mg/24 h, 95% CI
0.016, 0.112 for NEQ) This research addresses the existing gap in lack of population level estimates for BOEs by establishing population level estimates for COHb, NEQ, and NNAL that can be

used to determine changes in exposure for smokers switching to PRRPs.

Definitions

Clinical Trial
Defined by National Institutes of Health (NIH)

Observational Studies
Defined by National Institute of Dental and Craniofacial Research (NIDCR)
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Introduction

Cigarettes are the most harmful tobacco products, and adult smokers who are unable or unwilling to quit may benefit by switching to potentially reduced risk tobacco products (PRRPs). In recent
years, the tobacco product landscape has changed dramatically with the introduction of non-combustible products (e.g., e-vapor, heated tobacco products, and oral tobacco derived nicotine products)
that deliver nicotine without many of the harmful and potentially harmful constituents (HPHCs) associated with combustion and are therefore potentially less deleterious than cigarettes. Biomarkers of
exposure (BOEs) to HPHCs inform the potential health risks from PRRPs as actually used by adult tobacco consumers. Establishing population level estimates of exposure among smokers and non-
smokers can help determine changes in exposure from using a PRRP relative to cigarettes. Most clinical studies determine the impact of switching to a PRRP by either comparing to the baseline
level of exposure among the study participants that switched or comparing to a control group that continues to smoke. The availability of a single, reliable, weighted-average estimate of BOEs can be
useful in determining the relative changes in exposure in adult smokers switching to PRRPs at the population level.

While biomarkers of tobacco exposure can be measured in many different biological matrices, most are measured through the collection of blood or urine samplesQliveri, Liang. & Sarkar. 2020;

Sarkar et al.. 2010). Historically, urinary or salivary cotinine have been the most common measure of nicotine exposure, but recent studies often report urinary total nicotine equivalents (NEQ) that

can be measured in either urine collected over 24 hours or assessed from a spot-urine sample and are often creatinine adjusted (Sarkar et al.. 2013). One of the challenges for comparison of levels

for the same BOE across studies is the lack of standardization of units for the reporting of results. For example, Appleton et al.’s 2014 review found nine different units of 4-[methyInitrosamino]-1-[3-
pyridyl]-1-butanol (NNAL) expression reported in the literature (Appleton, Olegario. & Lipowicz. 2014). At the population level, no reliable estimates of BOEs have been harmonized to a common unit
of measurement. Given the wide and growing range of nicotine products, from heated tobacco products and e-cigarettes to snus and modern oral tobacco-derived nicotine products, developing

standardized estimates of carboxyhemoglobin (COHb), NEQ, and NNAL will enable researchers to quantify the relative effects across these diverse products and equally diverse use patterns.

Assessment of biomarkers for cigarette smoke constituents must be specific and not from other sources of exposure, as well as representative of the particulate phase and gas/vapor phase of
cigarette smoke. Total urinary NNAL represents metabolites of a tobacco-specific nitrosamine (TSNA), 4-(methyInitrosamino)-1-(3-pyridyl)-1-butanone (NNK, nicotine-derived nitrosamine ketone),

which is found in the particulate-phase of the smoke aerosol and identified as a carcinogen (U.S. Food and Drug Administration, 2012). Since NNK is tobacco-specific, this biomarker differentiates

between smokers and non-smokers (Roethig et al.. 2009); correlates with cigarette consumption Hecht, 2004); and provides a reasonable proxy for overall smoke exposure Wang. Liang. Mendes
& Sarkar, 2011). Due to its long half-life (> 10 days), NNAL levels are not prone to the variability in measurement due to transient changes in smoking behavioiGoniewicz et al.. 2009; Hecht et al.,
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1999). Exposure to nicotine provides a direct assessment of cigarette smoking as nicotine is rapidly metabolized to several metabolites that reflect ~80-90% of the daily nicotine uptake (Feng et al.

2007; Hatsukami, Benowitz, Rennard, Oncken, & Hecht, 2006;Kandel. Hu, Schaffran, Udry, & Benowitz, 2007; St Charles, Krautter, Dixon, & Mariner, 2006). The molar sum of nicotine and its five

major metabolites, expressed as NEQ, provides an accurate assessment of total nicotine exposure. Exposure to carbon monoxide (CO) as a combustion product found in the gas phase of cigarette

smoke can most accurately be measured as a percent of hemoglobin saturation (COHb) and helps differentiate between smokers and non-smokers (Hatsukami et al., 2007; Rodgman & Perfetti,

2009; Stratton, Shetty, Wallace, & Bondurant, 2001). Furthermore, COHb has been suggested as a biomarker of cardiovascular risk in never smokers (Hedblad, Engstrém. Janzon, Berglund. &

Janzon, 2006). Thus, total NNAL, NEQ, and COHb provide a reasonably accurate and specific assessment of overall cigarette smoke exposure.

The aim of this analysis is to estimate a population level weighted average of total NNAL, NEQ, and COHb in smokers and non-smokers that can be used as a baseline for the comparison of changes
in exposure for smokers switching to PRRPs. This analysis is based on a review of the published literature from 2008 through 2020. We estimate a single pooled weighted average representative of
the population level exposure. A pooling of weighted observed values is an important statistical methodology that provides the opportunity to combine results of studies, allowing an increase in the
number of observations and to improve estimates of the effect size across a diverse set of study participants that can reasonably represent the population (Hunter & Schmidt, 1990; Schmidt &

Hunter, 2004).

This analysis was initiated by scientists from five global tobacco companies involved in the Cooperation Centre for Scientific Research Relative to Tobacco (CORESTA) Biomarker Sub-Group
(BMSG). Founded in 1956 under French law and consisting of 158 member organizations across 37 countries, CORESTA is a non-profit organization whose mission is to promote international
cooperation in scientific research relative to tobacco and its derived products. CORESTA seeks to develop standardized nomenclature, definitions, and methodologies as well as provide guidelines,
reports, and training across four research domains: agronomy and leaf integrity, phytopathology and genetics, product technology, and smoke science. One of the objectives of the BMSG is to

review present knowledge of tobacco and smoking related BOEs and effects. We share the findings from our pooling of weighted average-observed values in this manuscript.

Methods

The literature review was conducted based on inclusion criteria developed (described in Supplemental Appendix A), to determine eligibility of the studies and to ensure relevance. We defined the
clinical and observations studies as follows: Clinical Study: A research study in which one or more human subjects are prospectively assigned to one or more interventions (which may include
placebo or other control) to evaluate the effects of those interventions on health-related biomedical or behavioral outcomes. (https:/grants.nih.gov/policy/clinical-trials/definition.htm).

Observational Study: A research study in which observations are recorded and data analyzed without administration of an intervention or alteration of the care people receive.
(https://www.nidcr.nih.gov/research/human-subjects-research/types-of-human-subjects-research).

The major components of the inclusion criteria were: timeframe (2008-2020); publication type (e.g., relevance, country); study design (e.g., crossover/randomized controlled clinical study, sample
size); analyte (e.g., biomarker analyzed, analytical method, biological fluid measurement); and demographics (e.g., gender, age, smoking history). The default publication language was English, and
all studies included human subjects. Four databases (PubMed®, ScienceDirect®, TOXNET®, and Google Scholar™) were queried for each search to represent relevant publications in the field of
cigarette smoking. The literature search strategy consisted of a core of three terms, “clinical studies,” “observational studies,” and “cigarette smoking,” in conjunction with the specific BOEs of interest,
COHb, NEQs, and NNAL, published worldwide between 2008 and 2020. An evidence table created based on the studies that met the inclusion criteria was processed by reviewing and filtering data
by publication year, group (e.g., smokers), source of data, source of the publication (e.g., academia), and reported statistical parameters (e.g., mean, standard deviation, etc.). Finally, data analysis

was separately conducted for each biomarker. For NNAL, a conversion table was developed based on two key assumptions: a median creatinine level of 122.665 mg/dL (Barr et al.. 2005) equivalent

to 2,208 mg creatinine/24 h (>20 years old adults) and an assumed urine volume of 1,800 mL excreted per day (Clark et al., 2011). The NNAL molecular weight of 209.24 g/mol was used to convert

picogram levels to picomol levels.

Statistical Analysis
The database was organized by categories, filtered, and data-weighted according to the size of the groups. We pooled the aggregated data from different studies, taking into account the smoking
status after weighting the studies by sample size. For each group, the density of the data was estimated using a kernel density estimator approach. In this study, the Epanechnikov kernel

(Epanechnikov, 1969), has been used:

3
Epanechnikov: K(x) = 4{ma)d - x%;0} (Equation 1)

Based on this density curve, the key statistical information such as the average, the standard deviation, and confidence interval (Cl) have been estimated. A general linear model with Tukey’s all-pair

comparisons was used to compare the average biomarker levels obtained by group.

Results

Literature Search

A total of 195 publications were originally identified for this analysis. Four reviewers assessed the publications independently and excluded 111 publications. The following reasons for exclusion were
documented in the evidence table: data reported in other than humans, no clinical or observation data reported, studies that constituted reviews with no original data, or the data was part of another
publication. In addition, NNAL studies were excluded when data format (e.g., arithmetic means or median values) could not be converted to the unit of choice for the analysis. Overall, 84 publications

were found to meet the initial criteria for inclusion (Table 1).

Table 1. Total scientific studies

Qeios ID: ZJJ660.2 - https://doi.org/10.32388/Z2JJ660.2 2/48


https://doi.org/10.1016/j.toxlet.2007.06.016
https://doi.org/10.1093/aje/kwm010
https://doi.org/10.1007/s00213-006-0586-x
https://doi.org/10.1080/14622200701679040
https://doi.org/10.1080/14034940600590523
https://www.qeios.com/read/AMG0RY
https://grants.nih.gov/policy/clinical-trials/definition.htm
https://www.qeios.com/read/0ZLNJY
https://www.nidcr.nih.gov/research/human-subjects-research/types-of-human-subjects-research
https://doi.org/10.1289/ehp.7337
https://doi.org/10.2215/cjn.01990211
https://doi.org/10.1137/1114019

Q Qeios, CC-BY 4.0 - Article, May 25, 2022

Number of Publications

i Pooli

Biomarker Met 00 '"9_
Total . Analysis

Criteria .
Inclusion

COHb 50 31 21

NEQs 69 11 10

NNAL 76 42 19

Total 195 84 50

COHb: Carboxyhemoglobin; NEQ: Nicotine Equivalents; NNAL.: total urinary 4-[methylnitrosamino]-1-[3-pyridyl]-1-butanol

After a careful review of the reported analytical data, 50 published cross-sectional clinical or observational studies reporting biomarker data were included in the analysis. The relevant data were
captured in an evidence table according to gender, race, age, and other demographics and grouped by smokers, non-smokers, and former smokers (Supplemental Appendix A). The rationale for

data exclusion was documented.

Characteristics of the Included Studies

The main characteristics of the included studies are shown in the evidence table (Supplemental Appendix A). The studies included adult smokers from a diverse range of geographical regions,
including USA, Brazil, Switzerland, Poland, Korea, Taiwan, Japan, South Africa, and Nepal for COHb; USA, Germany, UK and Japan for NEQ; and USA, Canada, Poland, Germany, Syria, Egypt,
and China for NNAL.

A total of 33,882 smokers were included in the analysis with 3,238 non-smokers as control subjects. A total of 16,311 smokers, 278 former smokers, and 1,949 non-smokers were included in the

COHb analysis from 14 clinical studies (Appleton, Liu, Lipowicz, & Sarkar, 2015; Haziza, de La Bourdonnaye, Merlet, et al., 2016; Haziza. de La Bourdonnaye. Skiada. et al., 2016, Haziza et al., 2017;

Lidicke, Baker, Magnette, Picavet, & Weitkunat, 2017; Lidicke, Haziza, Weitkunat, & Magnette, 2016; Liidicke et al.. 2018; Round, Chen, Taylor, & Schmidt, 2018; Sarkar et al., 2010; Tran

Bosilkovska. de La Bourdonnaye, Blanc. & Haziza, 2020; Tricker, Jang. Martin Leroy. Lindner, & Dempsey, 2012 Tricker, Kanada, et al.. 2012; Tricker, Stewart. et al.. 2012; Unverdorben et al.. 2010;

van Staden, Groenewald. Engelbrecht, Becker, & Hazelhurst, 2013) and 7 observational studies (Kung. Wang. & Tseng, 2008; Mendes et al., 2009; Muhammad-Kah, Hayden, Liang. Frost-Pineda, &
Sarkar, 2011; Oliveri et al., 2020; Rodgman & Perfetti, 2009; Theron, Schultz, Ker, & Falzone, 2010; Wang et al., 2010). A total of 5,353 smokers, 55 former smokers, and 129 non-smokers were

included in the NEQ analysis from 8 clinical studies (D'Ruiz, Graff, & Robinson, 2016; Lowe. Gregg. & McEwan, 2009; Morin, Shepperd, Eldridge. Poirier, & Voisine, 2011; Prasad. Jones, Chen, &

Gregg. 2016; Roethig et al., 2008; Round et al., 2018; Scherer, Newland, Papadopoulou, & Minet, 2014; Yuki, Takeshige, Nakaya, & Futamura, 2018) and 2 observational studies (Camacho

Sommarstrém, Prasad, & Cunningham, 2016; Roethig et al., 2009). Similarly, an aggregate of 12,218 smokers and 1,160 non-smokers were included in the NNAL analysis from 6 clinical studies
(Benowitz et al., 2012; Benowitz, Goniewicz, et al., 2010; Hatsukami et al., 2010; Meier et al., 2020; St Helen et al., 2012; Yuan et al., 2016) and 14 observational studies (ALAli et al., 2015; Ashley et

al., 2010; Benowitz, Dains. et al., 2010; Benowitz, Goniewicz, et al., 2010; Branstetter & Muscat. 2013; Camacho et al., 2016; Czoli & Hammond. 2015; Derby et al., 2009; Radwan, Hecht, Carmella

& Loffredo, 2013; Rostron, 2013; Vogel, Carmella, Stepanov, Hatsukami, & Hecht, 2011; Wasserman et al.. 2018; Wei, Blount, Xia, & Wang. 2016; Yuan et al.. 2011). The data identified for the

former smokers group (cessation group) consisted of mixed units, which was inconsistent with the criteria considered for statistical analysis and was therefore not included in this analysis.

Only total urinary NNAL (sum of NNAL and NNAL-glucuronide), reported as geometric means (excluding medians), were included in the analysis. Free NNAL data or total NNAL reported as the

arithmetic mean was captured in the evidence table but was not included in the statistical analysis.

Summary of biomarker levels across groups

Carboxyhemoglobin. Not surprisingly, smokers had the highest percent COHb (5.21%) compared to former smokers (1.75%) and non-smokers (1.05%; Table 2a and Figure 1)

Table 2a. Percent ion C: in (% COHb)

Total Average Min Max o
Group # Groups Individuals S.D. 95% CI(LL) 95% CI (UL)
Non-smokers 2 1,949 1.05 0.23 1.45 0.61 0.04 2.07
Former 10 278 175 045 304 100 0.14 361
Smokers
Smokers 61 16,311 5.21 226 699 0.56 3.91 6.00

SD: Standard Deviation; Cl: Confidence Interval; LL: Lower Limit; UL: Upper Limit
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Figure 1. Pooled weighted average estimates of COHbD levels in non-smokers, former smokers, and current smokers
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Significant differences (p<0.0001) were observed for smokers compared to former smokers as well as to non-smokers. The former smokers group and non-smokers were not statistically different

from each other (p=0.283; Table 3a).

P-values <0.05 were considered statistically significantly different.

Nicotine Equivalents. The smokers group had the highest NEQ levels (13.81 mg/24 h) compared to former smokers (0.62 mg/24 h) and non-smokers (0.058 mg/24 h; Table 2b and Figure 2).

Table 3a. Statistical Results

for Carboxyhemoglobin

Group Comparison

Smokers vs. Non-smokers

Smokers vs. Former Smokers

Former Smokers vs. Non-
smokers

Table 2b. Nicotine Equivalents (mg/24 h)

Group #Groups Total Individuals

Non-smokers 4

Former
Smokers

Smokers 26

SD: Standard Deviation; CI: Confidence Interval; LL: Lower Limit; UL: Upper Limit
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129

55

5,353

Difference P-value

4.30

3.55

0.76

Average Min

0.058

0.62

13.81

0.0

0.3

9.0

3

0

1S3

Max

1.00

24.91

<0.0001

<0.0001

0.283

S.D.

0.031

0.35

2.82

95%
cl
(LL)

0.016

0.070

9.081

95% CI (UL)

0.112

1.281

21.190
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Figure 2. Pooled weighted average estimates of NEQ levels in non-smokers, former smokers, and current smokers
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Statistically significant differences (p<0.0001) were observed between smokers and non-smokers, and (p<0.001) between smokers and former smokers. The former smokers group and non-smokers

were not statistically different from each other (p=0.99; Table 3b).

Table 3b. Statistical Results for Nicotine

Equivalents (NEQ)

Group C i Di P-value
Smokers vs. Non-smokers 13.75 <0.0001
Smokers vs. Former Smokers 13.20 <0.001

Former Smokers vs. Non-
smokers

0.55 0.99

P-values <0.05 were considered statistically significantly different.

NNAL. Smokers had the highest level of NNAL (1.112 pmol/mg creatinine) compared to nonsmokers (0.008 pmol/mg creatinine; Table 2c and Figure 3).

Table 2c. NNAL (pmol/mg creatinine)

Total .
Group # Groups Individuals Average Min Max S.D.
Non-smokers 3 1,160 0.008 0.002 0.014 0.0038
Smokers 36 12,218 1.112 0.182 1.842 0.5505

SD: Standard Deviation; Cl: Confidence Interval; LL: Lower Limit; UL: Upper Limit
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Figure 3. Pooled weighted average estimates of NNAL levels in and current

Statistical analysis indicated that NNAL levels in smokers and nonsmokers were significantly different (p=0.0002; Table 3c). The former smokers group was not included in the analysis.

Table 3c. Statistical Results for NNAL
Group Comparison Difference P-value

Smokers vs. Non-

1.09 0.0002
smokers

P-values <0.05 were considered statistically significantly different.

Discussion

We report here the population estimate of pooled weighted averages of key BOEs of cigarette smoke to establish baseline levels for smokers and non-smokers. While there are many studies of
BOEs in tobacco research, and many tobacco exposure biomarkers can be measured, it may not always be practical to measure every available biomarker in every evaluation (Chang et al., 2017).
The availability of a single population level estimate should allow for estimating changes in the levels of these biomarkers among those adult smokers switching to a PRRP. Additionally, the
population estimate among former smokers and non-smokers provides data to support relative comparisons for evaluating reductions in HPHCs among those who completely switched to PRRPs.

Characterization of changes in exposure to HPHCs through BOEs provides important information regarding the reduced risk potential of a tobacco product (Chang et al., 2017).

Exposure to CO, a product of incomplete combustion of all organic materials, can be measured in the blood as COHb (as percent saturation of hemoglobin). COHb is a well-established biomarker for

CO due to correlation with exhaled CO, dose response with cigarette smoking, and its relationship with smoking cessation (Hatsukami et al., 2006). The results reported in our analysis align with

values reported in literature. For example, in the Total Exposure Study (Roethig et al., 2009), which was a cross-sectional study of U.S. cigarette smokers (n = 3,585) and non-smokers (n = 1,077),
COHb distinguished smokers from non-smokers with a 3.6-fold difference. In our analysis we observed a 4.96-fold difference between smokers and non-smokers and 1.67-fold difference between
smokers and former smokers. These observations provide useful information for designing studies on smoking cessation. COHb and CO are considered some of the most useful biomarkers for
verifying smoking cessation in clinical trials. Additionally, COHb was not statistically different between former smokers (1.75%) and non-smokers (1.05%, Table 2a and Figure 1), demonstrating

further, the utility of COHb as a marker of cessation.

Nicotine equivalents (NEQ) are the molar sum of urinary nicotine, cotinine, and several metabolites in the nicotine metabolic profile. NEQ is often considered the gold standard for daily nicotine

intake. Unlike cotinine, NEQ accommodates factors that influence nicotine metabolism and exhibits a strong correlation with several tobacco BOEs, including hydroxy-PAHs and NNAL (Benowitz

Dains, Dempsey. Wilson. & Jacob. 2011). Similarly, 24 h urine NEQ has been suggested to be a surrogate measure for smoke exposure Wang et al.. 2011).

NNAL is the primary metabolite of NNK, a nicotine-derived nitrosamine ketone. NNAL is considered a good BOE because it is tobacco-specific and has a long half-life in biological fluids, around 10 to

45 days, making it less liable to variability in measurement due to transient changes in smoking behavior (Radwan et al., 2013; Roethig et al., 2009). In addition, NNAL correlates with other tobacco-

specific markers, including cotinine and TNE (Goniewicz et al., 2009; Rostron et al., 2019). Several large epidemiologic studies, such as the National Health and Nutrition Examination Survey

(NHANES), the Total Exposure Study, and the Multiethnic Cohort Study, report typical ranges of 1 to 2 pmol NNAL/mL of urine for smokers (Mendes et al., 2009; Roethig et al., 2008; Rostron. 2013;
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Round et al.. 2018). Rostron et al., (2019) reported NNAL concentration by tobacco use status of the NHANES 1999 to 2012 data. The average value for exclusive cigarette smokers of 217.6 pg/mg
creatinine (converted to 1.04 pmol/mg creatinine) was comparable to the pooled weighted average (1.11 pmol/mg creatinine) reported in our analysis. We note that the mean values for non-tobacco
users (non-smokers) was 0.98 pg/mg creatinine (converted to 0.005 pmol/mg creatinine), which was lower than the value reported in our analysis (0.008 pmol/mg creatinine). Rostron et al., (2019)
reported NNAL concentration by cigarettes per day from the Population Assessment of Tobacco and Health (PATH) Study Wave 1 (2013 — 2014). This study reported mean levels ranging between
155.26 and 295.76 ng/g creatinine (converted to 0.742 and 1.413 pmol /mg creatinine). In our analysis we report a mean value of 1.11 pmol/mg creatinine, which is within the range reported by

Rostron et al., (2019).

The analyses presented here should be considered in light of several limitations. The analysis included data from different study populations across different geographical regions representing a
range of different smoking behaviors and different cigarette types. The estimates are dependent on the representativeness of the samples in the studies included. This will vary from population to
population and over time, so using these estimates as benchmarks may have some limitations. However, estimating pooled weighted averages from a wide subset of study populations can provide a
reasonable approximation of the overall population estimate. Additionally, the analytes were likely measured using different bioanalytic methodologies with possible differences in laboratory
equipment, sensitivities, and calibration ranges. Nonetheless our analysis should be considered a general overall average as we pooled the aggregated data from different studies, taking into account
the smoking status after weighting them by the sample size. In the case of NNAL, the analysis was limited to the largest body of data that either reported, or could be converted to, common units of
NNAL excretion (pmol/mg creatinine). This work included only total urinary NNAL (sum of NNAL and NNAL-glucuronide) reported as geometric means. NNAL studies were excluded when data
format (e.g., arithmetic means or median values) could not be converted to the unit of choice (pmol/mg creatinine) for the statistical analysis. Supplemental table 3 describes the 23 articles not
included in the analysis (IDs 59, 25, 49, 15, 97, 51, 69, 41, 81, 44, 74,9, 54, 79,17, 75, 53, 13, 37, 16, 26, 67, 43) where the type of value (mean or arithmetic mean, median) are reported. Also,

due to data gaps in the reporting of demographic information, this analysis ignores characteristics of subgroups such as race, gender, population size of the country, etc. Therefore, observations
reported may not be generalizable of the world population. Nonetheless, our pooled weighted averages should be considered reasonable population estimates that may be useful as baseline values
for COHb, NEQ, and NNAL. The availability of a single reliable weighted average estimate of BOEs can be useful in determining the relative changes in exposure in adult smokers switching to

PRRPs at the population level.
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Supplemental Appendix A

NNAL Conversion Table

Evidence Tables:

1. COHb: Complete list of studies included in the analysis; summary with study types

2. NEQ: Complete list of studies included in the analysis; summary with study types

3. NNAL: Complete list of studies included in the analysis; summary with study types

NNAL Conversion Table
References:
NNAL Conversion Urine 1.8 L/day (Median) (Clark et al., CJASN 6(11):2634-2641 (2011) Ref. 18.
0.8 -2 L/day (Medline Plus Medical Er pedia) https: gc icle/003425.htm. Accessed 18-Nov. 2020.
1pg 1E-12 g Creatinine: 122.665 + 24.025 mg/dL ( 1226.65 + 240.25 mg/L)
1L 1000 mbL From Barr et al 2005 (ALL adults > 20years old) Ref. 6.
NNAL MW 209.24 g/mol Normal urine creatinine values generally range from 955 to 2,936
1 mol/L 1E-12 pmol/L mg per 24 h for males, and 601 to 1,689 mg per 24 hs for
Total 24h 1,800 mL females, according to the Mayo Clinic. https:/www. ine.col ligh-creatinine-: i nge.
Urine Accessed 20-Nov. 2020.
Creatinine 2208 mg/24h Min 601 mg/24 h
BW Likely 1226.65x1.8L = 2208 mg/24 h
Max 2936 mg/24 h
pmol
ﬁ)(udy pg/mL zgf:h E?f:h pmol/L Total pmol Creatinine mg/24 h pg NNAL/mg creatinine nmgg :’::(:‘;ine :’;AU Reference S:IEZShed
creatinine
1 1.14 Meier et al 2020, Ref. 52 1.14
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Schimmel J.,
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article ) ) Cigarette Smoking Outdoors cohort
Toxicology Yousif S., Suner in Smokers
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Florian Martin,
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article Poland PMI Modified Risk Tobacco of Risk
Pharmacology Wang, Paolo F. arm parallel
Products B
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data set in smokers .
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R rch Dimitra Skiad switching from conventional thr m
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- abstaining from smoking for N
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e Biomarker of exposure level
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data set in smokers .
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Cigarette Smokers

Clinical study

- Article, May 25, 2022

parallel group
study

NA

parallel group
study

NA

parallel group

NA
study

cross-
functional
observational
study

NA

cross-
functional
observational
study

NA

controlled,
randomized,
open-label,
two-arm
parallel group,
single-center
confinement
study

NA

controlled,
randomized,
open-label,
two-arm
parallel group,
single-center
confinement
study

NA

controlled,
randomized,
open-label,
two-arm
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confinement
study
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Assessment of
the exposure
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potentially
harmful
constituents in
healthy
Japenese

Yes Yes

Assessment of
the exposure
to harmful and
potentially
harmful
constituents in
healthy
Japenese

Yes Yes

Assessment of
the exposure
to harmful and
potentially Yes Yes
harmful

constituents in

healthy

Japenese

Assessment of
the exposure
to harmful and
potentially
harmful
constituents in
healthy
Japenese

Yes Yes

Assessment of
the exposure
to harmful and
potentially
harmful
constituents in
healthy
Japenese

Yes Yes

Assessment of
the exposure
to harmful and
potentially
harmful
constituents in
healthy
Japenese
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Assessment of
the exposure
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potentially
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constituents in
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Yes Yes

Assessment of
the exposure
to harmful and
potentially Yes Yes
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constituents in

healthy

Japenese

Smokers of

Menthol and

Nonmenthol

Cigarettes
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Levels of

Biomarkers of

Smoke

Exposure

Smokers of

Menthol and

Nonmenthol

Cigarettes

Exhibit Similar ~ Yes Yes
Levels of

Biomarkers of

Smoke

Qeios, CC-BY 4.0

PUB_relevant PUB_Available PUB_use STUD_Type

e S
YES Clinical study
YES Clinical study
YES Clinical study
YES Clinical study
YES Clinical study
YES Clinical study
YES Clinical study
YES Clinical study
YES Clinical study
NO Clinical study
NO Clinical study
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STUD_Method STUD_Assessment STUD,

No. All

subjects were  NA NA
smokers

Yes NA NA
Yes NA NA
Yes NA NA
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sectional study

of biomarkers
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and effect in
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moist snuff
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sectional study
of biomarkers
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potential harm
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former
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potential harm
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Smoking
System

A 12-Month,
Randomized,
Controlled
Study to
Evaluate
Exposure and
Cardiovascular
Risk Factors in
Adult Smokers
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From
Conventional
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Second-
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Generation
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Heated
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System

A 12-Month,
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Qeios, CC-BY 4.0

Clinical study No NA
Clinical study No NA
Clinical study No NA
Clinical study No NA
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Clinical study No NA
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Clinical study Yes NA
Clinical study Yes NA
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estimates for
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smoke in adult
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effective dose
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study applied
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Clinical study
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Clinical study
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C.J., Eldridge
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Schmidt E.

Round EK,,
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Taylor AK.,
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Chen P.,
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Chen P.,
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Chen P.,
Taylor AK.,
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Taylor AK.,
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Imperial Tobacco
Imperial Tobacco
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Raynolds
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Tobacco
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Decrease After
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Switch to an E-

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Qeios, CC-BY 4.0 -

YES Clinical study No
YES Clinical study No
YES Clinical study No
YES Clinical study
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YES Clinical study
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YES Clinical study
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YES Clinical study

NO Clinical study 0

Article, May 25, 2022

Not reported Not re|
Not reported Not re|
Not reported Not re|

parallel group study  Not re|

parallel group study  Not re|

parallel group study  Not re|

parallel group study  Not re|

parallel group study  Not re|

parallel group study  Not re|

parallel group study  Not re|

parallel group study  Not re|
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Graff D.W.,
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Tobacco

Tobacco

Tobacco

Tobacco

Tobacco

Cigarette or
Nicotine Gum

Reductions in
biomarkers of
exposure,
impacts on
smoking urge
and
assessment of
product use
and tolerability
in adult
smokers
following
partial or
complete
substitution of
cigarettes with
electronic
cigarettes

Yes

Reductions in
biomarkers of
exposure,
impacts on
smoking urge
and
assessment of
product use
and tolerability
in adult
smokers
following
partial or
complete
substitution of
cigarettes with
electronic
cigarettes

Yes

Reductions in
biomarkers of
exposure,
impacts on
smoking urge
and
assessment of
product use
and tolerability
in adult
smokers
following
partial or
complete
substitution of
cigarettes with
electronic
cigarettes

Yes

Reductions in
biomarkers of
exposure,
impacts on
smoking urge
and
assessment of
product use
and tolerability
in adult
smokers
following
partial or
complete
substitution of
cigarettes with
electronic
cigarettes

Yes

Reductions in
biomarkers of
exposure,
impacts on
smoking urge
and
assessment of
product use
énd tolerability Yes
in adult
smokers
following
partial or
complete
substitution of
cigarettes with
electronic
cigarettes

Reductions in
biomarkers of
exposure,

impacts on

smoking urge

and

assessment of
product use

.and tolerability Yes
in adult

Qeios, CC-BY 4.0

YES Clinical study
YES Clinical study
YES Clinical study
YES Clinical study
YES Clinical study
YES Clinical study

Article, May 25, 2022

open-label forced-
switch parallel arm Not rej
study

open-label forced-
switch parallel arm Not re|
study

open-label forced-
switch parallel arm Not re
study

open-label forced-
switch parallel arm Not re|
study

open-label forced-
switch parallel arm Not re
study

open-label forced-
switch parallel arm Not re|
studv
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following
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substitution of
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Reductions in
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exposure,
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smoking urge
and
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and tolerability
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substitution of
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biomarkers of
exposure,
impacts on
smoking urge
and
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and tolerability
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complete
substitution of
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Reductions in
biomarkers of
exposure,
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smoking urge
and
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product use
and tolerability
in adult
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Reductions in
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and
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Reductions in
biomarkers of
exposure,
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Yes

Yes

Yes

Yes

Yes

Yes

Qeios, CC-BY 4.0
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NO

YES

NO

YES

Clinical study

Clinical study

Clinical study
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Article, May 25, 2022
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study
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study

open-label forced-
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study
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study
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switch parallel arm
study
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