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ABSTRACT (word count = 238)

Background: Electronic cigarettes (ECs) use is an emerging behavior that has been shown to help
smokers to reduce cigarette consumption. Study aim is to illustrate long-term changes in exhaled
breath measurements and respiratory symptoms in smokers invited to quit or reduce their cigarette

consumption by switching to ECs.

Method: Prospective evaluation of cigarette consumption, fractional nitric oxide concentration in
exhaled breath (FeNO), exhaled carbon monoxide (eCO) and symptom scores was performed in a 1-
year randomized, controlled trial of “healthy” smokers receiving 2.4% nicotine, 1.8% nicotine, or no
nicotine ECs. FeNO and eCO data are presented on the basis of participants’ pooled continuous

smoking phenotype classification (failures, reducers and quitters).

Results: A significant effect of quitting classification was found on FeNo and eCO at all time points
(p<0.0001). Among quitters, FeENO (medians and interquartile range) rose from 5.5 (4.5-6.9) ppb to
17.7 (13.3-18.9) ppb by week-52. Baseline eCO (medians and interquartile range) decreased from 17
(12-20) ppm to 3 (1-4) ppm by week-52. No significant changes in FeNO and eCO levels were observed
in failures and reducers. Improvements in FeNO and eCO levels were correlated with attenuations in

symptoms scores.

Conclusions: Smokers invited to switch to electronic cigarettes who completely abstained from
smoking showed steady progressive improvements in their exhaled breath measurements and
symptoms scores. FeNo and eCO normalization is highly supportive of improved respiratory health

outcomes and add to the notion that quitting from tobacco smoking can reverse harm in the lung.

Trial Registration: ClinicalTrials.gov NCT01164072
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INTRODUCTION

Electronic cigarettes (ECs) are consumer products consisting of a battery part and a heating element
(atomizer) that vaporizes a liquid (mainly consisting of propylene glycol, vegetable glycerin, distilled
water, flavorings) that may or may not contain liquid nicotine. Vaporization allows for inhalation of
vapor and produces an aerosol similar in appearance but substantially different in substance to
conventional cigarette smoke. ECs are an attractive long-term alternative nicotine source to
conventional cigarettes because of their many similarities with smoking behaviour [1,2]. Their growing
popularity appears to be driven by a variety of factors: they can be used to reduce cigarette
consumption or quit smoking; they are perceived as a much less harmful smoking alternative; their
prices are competitive compared to conventional cigarettes; they allow to continue having a “smoking
experience without smoking” [3-5]. Although the efficacy of ECs on smoking cessation requires
confirmation, there is evidence from prospective randomized controlled trials with underperforming
products [6,7] and from a recent meta-analysis [8] that ECs may assist smokers in quitting or reducing
their cigarette consumption. Although no serious adverse events were reported in any of these

studies, there is no information about the long-term health impact of regular EC use.

The respiratory system is the primary target for investigating the harmful effects of chemicals in
tobacco smoke. Nitric oxide (NO), a highly reactive gas produced by the enzymatic conversion of
arginine to citrulline by NO synthases (NOS), may be important in several physiologic processes,
including the antimicrobial activity against lung pathogens [9]. Measurement of fractional NO
concentration in exhaled breath (FeNO) is currently being used as a simple noninvasive method of
measuring airway inflammation. Indeed, FeNO is known to be elevated in inflammatory diseases such
as asthma [10,11] and it is the exhalation marker of choice for the clinical assessment of asthmatic
patients [12]. Carbon monoxide (CO) is a clear, odorless toxic gas produced in high concentrations
during cigarette combustion. So when tobacco is burned and inhaled, one of the 7,000 or more
chemicals that enters the body is CO. Although measurements of exhaled CO (eCO) in humans are
universally adopted as a biomarker of smoking habit [13], increases in the eCO levels may also reflect

airway inflammation [14]. Moreover, emerging data have revealed several new mechanisms for CO
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and NO in tumour biology [15].

Herein we illustrate changes in FeNO, eCO levels and respiratory symptoms in association with
smoking reduction and smoking abstinence at 12-, 24- and 52-week from participants of the ECLAT
study [6] — a prospective 1-year randomized controlled trial designed to evaluate smoking reduction,
smoking abstinence and adverse events in 300 “healthy” smokers switching to ECs. FeNO, eCO and
symptoms measurements were carried out at baseline and regularly throughout the study follow-up
visits. This provided an opportunity to determine the long-term effects of sustained reduction and
abstinence from cigarette smoking on breathomic indices and respiratory symptoms at various times
over a l-year interval in smokers who were invited to quit or reduce their cigarette consumption by

switching to ECs.

METHODS

Details of participants’ characteristics and study design have been previously described [6]. The ERB of
the “Policlinico-Vittorio Emanuele” Hospitals approved the study and participants gave written
informed consent prior to participation in the study. Reporting of the study conforms to CONSORT-
revised along with references to CONSORT-revised and the broader EQUATOR guidelines (Simera et al.
January 2010 issue of EJCI).

Participants

Regular smokers not intending to quit were invited to switch to a first generation cigarette-look-a-like
ECs (“Categoria”, Arbi Group Srl, Italy) as a complete substitute for tobacco smoking. Participants were
informed that the purpose of the study was to quantify the impact of reductions in cigarette
consumption on lung health by means of regular follow-up visits. No financial incentive was offered for
participation.

Inclusion criteria were: (a) smoke >10 tobacco cigarettes per day (cig/day), for at least the past five
years; (b) age 18-70 years; (c) good general health; (d) not currently attempting to quit smoking or

wishing to do so in the next 30 days; and (e) committed to follow the trial procedures.
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Exclusion criteria were: (a) symptomatic cardiovascular disease and/or doctor diagnosed respiratory
disease, psychiatric disorder or major depression; (b) regular medication use; (c) current or past history
of alcohol abuse; (d) use of smokeless tobacco or nicotine replacement therapy, and (e) pregnancy or

breastfeeding.

Products Tested

The “Categoria” EC (model “401”) used in this study is a rechargeable three-piece design that closely
resembles a conventional cigarette. Disposable cartridges used in this study were of three different
types, but of identical appearance: “Original 2.4%"” (2.27 + 0.13% nicotine), “Categoria 1.8%" (1.71 %
0.09% nicotine) and “Original 0%” without nicotine (“sweet tobacco” aroma). The “Categoria” EC kit

and cartridges were provided free of charge by the local distributor (Arbi Group Srl, Italy).

Study Design

Eligible participants were enrolled into a prospective 1-year RCT consisting of nine office visits at our
smoking cessation clinic (Centro per la Prevenzione e Cura del Tabagismo - CPCT; Universita di Catania,
Italy) to assess cigarette consumption. Participants were randomised into three study arms to receive
EC kits with cartridges of identical appearance containing either 2.4% (i.e. 2.4 mg/ml) nicotine (12
weeks of “Original 2.4%” — Group A) or 1.8% (i.e. 1.8 mg/ml) nicotine (6 weeks of “Original 2.4%" and
a further 6 weeks of “Categoria 1.8%"” — Group B) or no nicotine (12 weeks of “Original 0%” — Group C)
using a computer-generated randomisation sequence by hospital pharmacy staff (Figure 1). Blinding
was ensured by the identical appearance of the cartridges. FENO measurements (NIOX Mino,
Aerocrine AB, Sweden) were carried out at baseline and at week-12, week-24, and week-52. eCO
measurements (Micro CO, Micro Medical Ltd, UK) were carried out at baseline and regularly at each
study visits. Self-reported respiratory symptoms in the previous 2-weeks were recorded at baseline
and at each study follow-up visits.

At baseline, socio-demographic factors, smoking history, Fagerstrom Test for Cigarette Dependence
(FTCD) scores were annotated. Participants were then given a free EC kit with a full supply of
cartridges, and were trained on how to correctly use the product. They were told to use the study

product ad libitum (but up to a maximum of 4 cartridges/day) in the anticipation of reducing cigarette
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smoking, and to take notes of the daily consumption of conventional cigarettes, cartridge use and
adverse events in their study diaries.

Participants were then invited to return to the CPCT at follow-up visits a) to receive further free supply
of cartridges and study diaries for the residual study periods, b) to record their eCO levels, c) to have
their FeNO test repeated (at week-12, week-24 and week-52 only), d) record the presence/absence of
respiratory symptoms in the previous two-weeks, and e) to return completed study diaries and unused
study products. By week-12 study visit, no more cartridges were provided, but participants were

advised to continue using their EC if they wish to do so.

FeNO measurements

Measurements (in ppb) were obtained from a 10 sec. exhalation at a steady airflow of 50 ml/s against
a flow resistor by using a hand-held FeNO meter according to the manufacturer’s recommendations.
Expiratory manoeuvres were taken late in the morning or early in the afternoon with participants
sitting comfortably. Subjects were asked not to smoke/vape for at least 30 min prior to each visit. Only

technically acceptable tests were used for data analyses.

eCO measurements

Measurements (in ppm) were obtained from a single expiratory breath by using a hand-held eCO
meter according to the manufacturer’s recommendations. Expiratory manoeuvres were taken late in
the morning or early in the afternoon with participants sitting comfortably. Subjects were asked not to

smoke/vape for at least 30 min prior to each visit.

Symptoms Scores

At BL and at week-12, -24, and -52 an Adverse Event (AE) symptom score was recorded by cumulating
for each participant the presence/absence of the following eight symptoms: cough, phlegm, shortness
of breath, wheeze, tight chest, stuffy nose, sinus pain, and frontal headache. Presence of symptoms
was scored 1, whereas lack of symptoms was scored zero. Thus, individual scoring could range from a

mininum of zero (no symptoms) to a maximum of 8 (all symptoms present) at each time point.
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Smoking Phenotypes

Smoking abstinence was defined as complete self-reported abstinence from tobacco smoking (not
even a puff) since the previous study visit, which was biochemically verified by eCO levels of <7 ppm.
Smokers in this category are classified as Quitters. Smoking reduction was defined as sustained self-
reported 250% reduction in the number of cig/day from baseline (eCO levels were measured to verify
smoking status and confirm a reduction compared to baseline). Smokers in this category are classified
as Reducers. Smokers who were not categorised in the above categories were classified as Failures.
The study analysed the effects on FeNO and eNO due to smoking phenotypes, which was defined as
consistently maintaining the same phenotype from week-12 to week-52. Thus, the analysis was

performed among participants who had a sustained smoking phenotype for at least 40 weeks.

Statistics

In our primary analysis, subjects’ baseline characteristics values were compared among study groups
(“Original 2.4%"— Study Group A; “Categoria 1.8%"”— Study Group B; “Original 0%”— Study Group C).
Descriptive data are presented as means +* standard deviation (SD) or medians and interquartile range
(IQ) for normally and not normally distributed variables respectively. Baseline differences among
groups (A, B, and C) were investigated by means of one-way analysis of variance (ANOVA) for
parametric variables and Kruskall-Wallis test for non-parametric variables. Differences in frequency
distribution of categorical variables were evaluated by )(2 test.

In our secondary analysis, individual values were compared among pooled continuous smoking
phenotypes (Quitters, Reducers and Failures), combining datasets from study groups A, B and C
(pooled analysis). After that the study group (i.e., subjects with available sustained smoking
phenotype) was compared with the overall sample, a Repeated Measures ANOVA model (RMANOVA)
was used for assessing changes in eCO and FeNO, with time (4 time points: baseline, week-12, -24, and
-52) as within subject, and continuous smoking phenotype as between subject factors.

Participants were asked to record the presence/absence of symptoms and adverse events (AEs) in their
study diary. They used a 20-items check list of symptoms likely to be related to tobacco smoking,
and/or e-cigarette use. Considering that the aim of this study was to illustrate long-term changes in

exhaled breath measurements and respiratory symptoms in smokers invited to quit or reduce their
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4

5

? cigarette consumption by switching to ECs, only symptoms scores that may be related to dysfunctional
g upper/lower airways were included in the statistical analysis.

10 Correlation between variables was evaluated by means of linear regression analysis. Analysis of
11

12 Covariance (ANCOVA) evaluated differences among slopes.

13

14 The analyses were carried out using Statistical Package for Social Sciences (SPSS Inc., Chicago, IL) for

ig Windows version 20.0 and p values <0.05 were considered significant.

17

18

19

20

21 RESULTS

22

23

24 - - .

25 Participants’ characteristics at baseline, success rates and adverse events have been reported
g? previously [6]. In brief, after screening 417 subjects, a total of 300 [M 190, F 110; mean (+SD) age of
;g 44.0 (x12.5) years] smokers (median [IQ range] pack/yrs of 24.9 [14.0-37.0]) were eligible and
32 consented to participate in the study. Two-hundred-twenty-five subjects (75.0%) returned at week-12,
32 211 (70.3%) at week-24, and 183 (61.0%) for their final follow-up visit at week-52. Overall, smoking
33

34 reduction and quit rates (%) were not significantly different among study groups; in particular, smoking
35

36 reduction was observed in 10.3% of the participants and complete abstinence in 8.7% at week-52 [6].
gg No serious adverse events occurred during the study.

39

40

j; We could not obtain data on FeNO and/or eCO for 36 subjects: thus, complete information was

43 available for 264 participants. Of these, 134 could be classified as sustained smoking phenotype (either
44

45 Quitters, or Reducers, or Failures) from week-12 to week-52. No significant difference was found

46

47 between the study group and the combined sample as concerns gender distribution, age, packs/year,
jg cigarettes/day, FTND, eCO, and FeNO (Table 1). Because the baseline characteristics of the study

gg sample were not significantly different among study groups (A, B, and C) (Table 2), for the purposes of
gg the present study, irrespective of the study group, baseline FeNO and eCO data from all study groups
54 were combined together and presented on the basis of their smoking phenotype classification up to

55

56 week-52. Baseline characteristics were similar among Quitters, Reducers, and Failures for all

57

58 investigated variables (Table 3).

59

60
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Significant within-subject effect (i.e., time, p<0.0001) was found for changes in eCO. In Figure 2 the
time trends of eCO are illustrated, at baseline (BL), and follow-up visits at week-12, -24, and -52,
separately for continuous smoking phenotype. Exhaled CO was (ppm, medians and interquartile range)
21 (14-29), 20 (15-26), and 17 (12-20) at BL for failures, reducers and quitters (as per continuous
classification at week-52) respectively. The same figures at week-52 were 20 (14-30), 13 (6-19), and 3
(1-4). Repeated Measures ANOVA showed a significant between subject effect (i.e., smoking
phenotype, p<0.0001). Similarly, FeNO showed significant changes over the time (Figure 3): at BL,
FeNO was (ppb, medians and interquartile range) 6.6 (4.3-8.4), 5.9 (5.0-7.8), and 5.5 (4.5-6.9) for
failures, reducers and quitters (as per continuous classification at week-52) respectively. At week-52
was 7.0 (5.5-9.9), 7.9 (6.0-10.8), and 17.7 (13.3-18.9), respectively. Again, RMANOVA showed that
effect of smoking phenotype was significant (p<0.0001). No significant difference in FeNO changes
from baseline was observed in quitters who stopped using EC (+11.8 [7.4-13.4] ppb, medians and
interquartile range) compared to quitters who were still using EC (+14.3 [9.9-15.3]) at any study time
points.

Linear regression analysis showed that changes in FeNO were significantly correlated (p<0.0001) to
those in eCO at all time points.

High prevalence of respiratory symptoms were reported at baseline and virtually disappeared very
quickly in both quitters and reducers. In Figure 4 the linear regression lines are presented computed on
the relationships of natural log of eCO and FeNO plotted against the individual symptom score. Among
Failures and Reducers the slopes were flat or not significant. Significant and steeper slopes (positive for
eCO and negative for FeNO) were found among Reducers Quitters. Differences among slopes were

significant for both eCO and FeNO (p<0.0001, ANCOVA).

DISCUSSION

This 1-year prospective RCT shows progressive and consistent changes in FeNo as well as in eCO in

“healthy” smokers who were invited to quit or reduce their cigarette consumption by switching to first

10
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generation electronic cigarettes (ECs). Specifically, this study shows low levels of FeNO in cigarette
smokers with a significant rise from baseline already at 3 months in those who completely gave up
tobacco smoking and with a steady progressive increase also at 6 and 12 months. Similar changes in
FeNO from baseline were observed in quitters who stopped using EC compared to quitters who were

still using EC. On the other hand, no changes in FeNO levels were observed in failures and reducers.

Consistent with results of previous studies [16-18], low levels of FeNO were found in cigarette
smokers. Inhibition of NO production from cigarette smoke is considered to be resulting from multiple
mechanisms, including down-regulation of NO synthase by the high NO concentrations in cigarette
smoke, inactivation of NO by oxidants in cigarette smoke like superoxide anions, and finally direct

tobacco-induced toxic damage of NO-producing cells in the airways [19-21].

After quitting, we documented a progressive steady rise in FeNO rapidly returning to within normal

non-smoking levels [18]. The effect of smoking cessation on FeNO has been investigated in two small

acute studies [22,23], but their results were discordant due to methodological issues. Nonetheless, our
study suggests that the effects of cigarette smoke on FeNO can be reversible if enough time is allowed.
Given that NO is known to inhibit replication of respiratory pathogens [9] and that a low NO levels
might explain the high incidence in lower respiratory tract infection in those exposed to active or
passive smoking [24,25], the observed FeNO normalization in smokers who were invited to quit or
reduce tobacco consumption by switching to ECs might restore antimicrobial activity against lung

pathogens.

Concern about the health impact of regular EC use on the respiratory system has driven several
researchers to investigate its effect on FeNO [25-28]. Unfortunately, these small acute studies were
not conclusive due to methodological issues and to disagreement in their results. For example, FeNo
findings from the study by Marini et al. [25] were in agreement with those by Vardavas et al. [26], but
conflicting to Schober et al. [27], who found elevated FeNO levels after EC use, and to Flouris et al. [28]
who did not report any changes in FeNO. Besides, the reported changes in FeNO after ECs use from

baseline were so small and within tests variability [29] to have meaningful clinical relevance. By and

11
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large, these studies may be simply suggestive of non-specific irritant effects from acute e-vapour
exposure. This is consistent with findings from Internet surveys [4] and clinical trials reporting transient
throat irritation, dry cough and other symptoms of respiratory irritation in some smokers when

switching to ECs [6,7,30,31].

Completely abstaining from cigarette smoking not only leads to near-normalization in FeNO levels, but
also to a remarkable fall in toxic levels of eCO to within normal limits. On the other hand, no changes
in eCO levels were observed in failures and reducers. Given that ECs are battery-operated devices that
work without burning tobacco this was not surprising. Previous acute studies carried out with different
ECs models [32,33] have shown a much-reduced toxic burden of CO in smokers who quit their tobacco

consumption by switching to ECs.

The mechanism for the observed improvements in symptoms scores following smoking cessation is
likely to be related to the reversal of inflammatory changes in the upper and lower airways induced by
smoking in the first place. Thus considering that FeNO and eCO are known to be elevated during
airway inflammation [10,11,14], it was not surprising to observe a significant relationship between

improved FeNO/eCO levels and reduction in symptom scores.

Our study is the first to investigate the long-term effects of sustained smoking reduction and
abstinence on breathomic indices in smokers who were invited to switch to ECs. It has the advantage
of an interventional prospective trial approach, which minimizes the possibility of reverse causality of
case-control and cross-sectional studies; the effects of specific continuous smoking phenotypes were
investigated on serial FeNO and eCO measurements from the same smokers over several time points
for up to one year. Moreover, great care was taken to avoid potential confounding effects by taking
exhaled breath measurements late in the morning or early in the afternoon with subjects not
smoking/vaping for at least 30 min prior to each visit. On the other hand, the use of a continuous
smoking phenotype classification, the exclusion of technically unacceptable expiratory manoeuvres
and the absence of financial incentive to study participants, have contributed to high attrition rates in

our study and to small sample size in some smoking phenotype subgroup cohorts. Therefore, results

12
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should be interpreted with caution. Nonetheless, in spite of the limited sample size, the improvement
in eCO and FeNO was consistent throughout the study and not due to chance findings, because results
were not only statistically significant, but also clinically relevant. Another limitation of the study is the
use of a non-validated score used to give a general idea about symptoms (i.e. AEs total scoring) in

relation to dysfunctional upper/lower airways.

The respiratory system is the primary target of the potential harmful effects of some chemicals in the
EC aerosol emissions. Acute studies have shown transient non-specific irritant effects from e-vapor
exposure, which are consistent with findings from internet surveys and clinical trials reporting
transient throat irritation, dry cough, and other symptoms of respiratory irritation in some smokers
when switching to ECs (reviewed in [34]). But very little is known about long term respiratory effects of
regular vaping and large prospective studies are needed to elucidate the evidence for reversal of harm
in the lung. In a recent 2-year follow-up, improved respiratory symptoms, lung function, and bronchial
hyper responsiveness were consistently reported in a cohort of asthmatic smokers who switched to
regular EC use [35]. Our 1-year prospective RCT shows that, by substantially reducing daily cigarette
consumption and exposure to their harmful toxicants, it is possible to obtain steady progressive
normalization of inflammatory and carcinogenic biomarkers in the exhaled breath of smokers invited
to switch to ECs. FeNo and eCO normalization is highly supportive of improved respiratory health
outcomes. Moreover, the notion that similar changes in FeNO and eCO from baseline were observed in
quitters who stopped using EC compared to quitters who were still using EC suggests that EC use can
reverse harm from tobacco smoking in the lung [36]. By restoring antimicrobial activity against lung
pathogens and antitumour effect, the observed normalization of FeNO is likely to contribute to a
reduction in the risk of lower respiratory tract infection and lung cancer. However, future studies will
be required to show whether FeNO normalization translates into efficient prevention of respiratory

tract infections and significant reduction in lung cancer risk.

13



©CoO~NOUTA,WNPE

European Journal of Clinical Investigation Page 14 of 27

ACKNOWLEDGMENTS
The authors wish to thank LIAF, Lega Italiana Anti Fumo (ltalian acronym for Italian Anti Smoking
League) for supporting this research and Arbi Group Srl for the free supplies of ‘Categoria’ e-cigarette

kits and cartridges and for the technical support.

14



Page 15 of 27

©CoO~NOUTA,WNPE

European Journal of Clinical Investigation

REFERENCES

Caponnetto P, Russo C, Bruno CM, Alamo A, Amaradio MD, Polosa R: Electronic cigarette: a
possible substitute for cigarette dependence. Monaldi Arch Chest Dis 2013;79(1):12-19.
Caponnetto P, Maglia M, Polosa R. Electronic cigarettes - from smoking cessation to smoking
sensation and back. Addiction 2015 Apr;110(4):678-9.

Siegel MB, Tanwar KL, Wood KS. Electronic cigarettes as a smoking-cessation tool: results from
an online survey. American Journal of Preventive Medicine 2011;40(4):472-475.

Farsalinos KE, Romagna G, Tsiapras D, Kyrzopoulos S, Voudris V. Characteristics, perceived side
effects and benefits of electronic cigarette use: a worldwide survey of more than 19,000
consumers. International Journal of Environmental Research and Public Health.
2014;11(4):4356-4373.

Biener L, Hargraves JL. A longitudinal study of electronic cigarette use among a population-
based sample of adult smokers: association with smoking cessation and motivation to quit.
Nicotine Tob Res 2015;17: 127-33.

Caponnetto P, Campagna D, Cibella F, Morjaria JB, Caruso M, Russo C, et al. EffiCiency and
Safety of an electronic cigAreTte (ECLAT) as tobacco cigarettes substitute: a prospective 12-
month randomized control design study. PLoS One 2013;8(6):e66317.

Bullen C, Howe C, Laugesen M, Hayden McRobbie, Varsha Parag, Jonathan Williman, et al.
Electronic cigarettes for smoking cessation: a randomised controlled trial. Lancet
2013;382(9905):1629-1637.

Rahman MA, Hann N, Wilson A, Mnatzaganian G, Worrall-Carter L. E-cigarettes and smoking
cessation: evidence from a systematic review and meta-analysis. PLoS One
2015;10(3):e0122544.

Nathan CF, Hibbs JBJ. Role of nitric oxide synthesis in macrophage antimicrobial activity. Cuyrr

Opin Immunol 1991;3:65-70.

10. Alving K, Weitzberg E, Lundberg JM. Increased amount of nitric oxide in exhaled air of

asthmatics. Eur Respir J 1993;6:1368-1370.

11. Kharitonov SA, Yates D, Robbins RA, Logan-Sinclair R, Shinebourne EA, Barnes PJ. Increased

15



©CoO~NOUTA,WNPE

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

European Journal of Clinical Investigation Page 16 of 27

nitric oxide in exhaled air of asthmatic patients. Lancet 1994;343:133-135.

Smith AD, Cowan JO, Brassett KP, Herbison GP, Taylor DR: Use of exhaled nitric oxide
measurements to guide treatment in chronic asthma. N Engl J Med 2005;352:2163-2173.

Jarvis MJ, Russell MA, Saloojee Y. 1980. Expired air carbon monoxide: a simple breath test of
tobacco smoke intake. BMJ 1980;281: 484—-485.

Zhang J, Yao X, Yu R, lJianling Bai, Yun Sun, Mao Huang, et al. Exhaled carbon monoxide in
asthmatics: a meta-analysis. Respir Res 2010;11:50

Szabo C. Gasotransmitters in cancer: from pathophysiology to experimental therapy. Nat Rev
Drug Discov. 2015 Dec 18. doi: 10.1038/nrd.2015.1. [Epub ahead of print] PubMed PMID:
26678620.

Kharitonov S A, Robbins R A, Yates D, Keatings V and Barnes PJ. Acute and chronic effects of

cigarette smoking on exhaled nitric oxide. Am. J. Respir. Crit. Care Med 1995;152 609-12.

Robbins R A, Millatmal T, Lassi K, Rennard S, Daughton D. Smoking cessation is associated with

an increase in exhaled nitric oxide. Chest 1997; 112: 313-8.

Travers J, Marsh S, Aldington S, Williams M, Shirtcliffe P, Pritchard A, et al. Reference ranges for
exhaled nitric oxide derived from a random community survey of adults. Am J Respir Crit Care

Med 2007;176:238-242.

Rengasamy A, Johns RA. Regulation of nitric oxide synthase by nitric oxide. Mol Pharmacol.

1993;44(1):124-8.

Moncada S, Higgs A. The L-arginine-nitric oxide pathway. N Engl/J Med 1993;329:2002-12.

Maziak W, Loukides S, Culpitt S, Sullivan P, Kharitonov SA, Barnes PJ. Exhaled nitric oxide in

chronic obstructive pulmonary disease. Am J Respir Crit Care Med. 1998;157(3 Pt 1):998-1002.

Hogman M, Holmkvist T, Walinder R, Merilainen P, Ludviksdottir D, Hakansson L, Hedenstrom
H. Increased nitric oxide elimination from the airways after smoking cessation. Clin Sci 2002;

103 15-9.

Louhelainen N, Rytila P, Haahtela T, Kinnula VL, Djukanovi¢ R. Persistence of oxidant and

16



Page 17 of 27

©CoO~NOUTA,WNPE

24,

25.

26.

27.

28.

29.

30.

31.

European Journal of Clinical Investigation

protease burden in the airways after smoking cessation. BMC Pulm Med. 2009 May 27;9:25.
doi: 10.1186/1471-2466-9-25.

Shiva F, Nasiri M, Sadeghi B, Padyab M. Effects of passive smoking on common respiratory

symptoms in young children. Acta Paediatr 2003;92(12):1394-97.

Marini S, Buonanno G, Stabile L, Ficco G. Short-term effects of electronic and tobacco cigarettes

on exhaled nitric oxide. Toxicol Appl Pharmacol. 2014;Jul;1;278(1):9-15.

Vardavas Cl, Anagnostopoulos N, Kougias M, Evangelopoulou V, Connolly GN, Behrakis PK.
Short-term pulmonary effects of using an electronic cigarette: impact on respiratory flow

resistance, impedance, and exhaled nitric oxide. Chest. 2012 Jun;141(6):1400-6.

Schober W, Szendrei K, Matzen W, Osiander-Fuchs H, Heitmann D, Schettgen T, et al. Use of
electronic cigarettes (e-cigarettes) impairs indoor air quality and increases FeNO levels of e-

cigarette consumers. Int J Hyg Environ Health 2014;217(6):628-37.

Flouris AD, Chorti MS, Poulianiti KP, Jamurtas AZ, Kostikas K, Tzatzarakis MN, et al. Acute
impact of active and passive electronic cigarette smoking on serum cotinine and lung function.

Inhal Toxicol. 2013:Feb;25(2):91-101.

Dweik RA, Boggs PB, Erzurum SC, Irvin CG, Leigh MW, Lundberg JO, et al. An official ATS clinical
practice guideline: interpretation of exhaled nitric oxide levels (FENO) for clinical applications.

Am J Respir Crit Care Med. 2011;184(5):602-15.

Polosa R, Morjaria J, Caponnetto P, Campagna D, Russo C, Alamo A, et al. Effectiveness and
tolerability of electronic cigarette in real-life: a 24-month prospective observational study.

Intern Emerg Med 2014;9(5):537-46.

Polosa R, Caponnetto P, Maglia M, Morjaria JB, Russo C. Success rates with nicotine personal
vaporizers: a prospective 6-month pilot study of smokers not intending to quit. BMC Public

Health. 2014;Nov8;14:1159.

17



©CoO~NOUTA,WNPE

32.

33.

34.

35.

36.

European Journal of Clinical Investigation Page 18 of 27

Vansickel A.R., Cobb C.0., Weaver M.F., Eissenberg T.E. A clinical laboratory model for
evaluating the acute effects of electronic ““cigarettes’: nicotine delivery profile and
cardiovascular and subjective effects. Cancer Epidemiol Biomarkers Prev 2010:19(8):1945-

1953.

McRobbie H, Phillips A, Goniewicz ML, Myers Smith K, Knight-West O, Przulj D, et al. Effects of
switching to electronic cigarettes with and without concurrent smoking on exposure to

nicotine, carbon monoxide, and acrolein. Cancer Prev Res 2015;8:873-8.

Farsalinos KE, Polosa R. Safety evaluation and risk assessment of electronic cigarettes as

tobacco cigarettes substitutes: a systematic review. Ther Adv Drug Safety. 2014,;5:67—-86.

Polosa R, Morjaria JB, Caponnetto P, Caruso M, Campagna D, Amaradio MD, Ciampi G, Russo C,
Fisichella A. Persisting long term benefits of smoking abstinence and reduction in asthmatic

smokers who have switched to electronic cigarettes. Discov Med. 2016 Feb;21(114):99-108.

Polosa R. Electronic cigarette use and harm reversal: emerging evidence in the lung. BMC Med

2015;13:54.

18



Page 19 of 27 European Journal of Clinical Investigation

©CoO~NOUTA,WNPE

Tables

29 Table 1 — General characteristics of the overall and study samples at baseline

31 Overall sample (N0.=300) | Study sample (No.=134) p value

2 Sex (No., M/F) 190/110 79/55 0.41%

36 Age (mean + SD) 44.0+12.5 42.9+13.1 0.40"

Packs/yr (median and IQ range) 24.9 (14.0-37.0) 24.7 (12.0-36.0) 0.61%

41 Cig/day (median and 1Q range) 20.0 (15.0-25.0) 24.9 (12.0-36.0) 0.73%

43 FTND (mean * SD) 5.8+2.2 5.6+2.2 0.34"

eCO (median and 1Q range) 20 (15-28) 20 (14-28) 0.55%

48 FeNO (median and IQ range) 6.2 (4.8-8.1) 6.1 (4.4-8.3) 0.66%

’r)(z test; *one-way analysis of variance (ANOVA); tMann-Whitney U-test

53 SD: standard deviation; IQ range: interquartile range; FTND: Fagerstrom Test of Nicotine Dependence;

eCO: exhaled carbon monoxide; FeNO: fractional nitric oxide concentration in exhaled breath.
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Table 2 — Baseline characteristics of study sample (No.=134), separately for each study arm

Group A Group B Group C p value

(No.=49) (No.=45) (No.=40)
Sex (No., M/F) 26/23 28/17 25/15 0.57%
Age (mean +SD) 45.1+13.7 42.8+12.5 40.3+12.8 0.19*
Packs/yr (median and IQ range)| 25.3 (14.6-37.3) | 24.4 (14.6-36.1) | 24.8 (10.5-35.0) | 0.72%
Cig/day (median and 1Q range) | 20.0 (15.0-25.0) | 18.0 (15.0-20.0) | 20.0 (15.3-30.0) | 0.20%
FTND (mean + SD) 5.5+2.4 5.6%1.9 5.812.0 0.75"
eCO (median and 1Q range) 18.0(15.0-26.0) | 21.0(16.5-28.0) | 19.0(13.0-28.8) | 0.66%
FeNO (median and IQ range) 5.8 (4.1-8.1) 5.9 (4.5-7.9) 6.4 (5.2-8.6) 0.30%

’r)(z test; “one-way analysis of variance (ANOVA); tKruskall-Wallis test

SD: standard deviation; IQ range: interquartile range; FTND: Fagerstrom Test of Nicotine Dependence;

eCO: exhaled carbon monoxide; FeNO: fractional nitric oxide concentration in exhaled breath.
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Table 3 — Baseline characteristics of study participants (No.=134), separately for each smoking

phenotype classification at week-52

Failures Reducers Quitters p value

(No.=82) (No.=34) (No.=18)
Sex (No., M/F) 43/39 22/12 14/4 0.13%
Age (mean % SD) 41.6+£13.0 45.4+14.4 44.8+10.5 0.28"
Packs/yr (median and IQ range) | 24.5(11.1-35.0) | 28.3(15.0-45.0) | 23.0(16.8-33.6) 0.30%
Cig/day (median and 1Q range) 20.0 (15.0-25.0) | 18.0(15.0-30.0) | 18.5(15.0-20.0) 0.40%
FTND (mean % SD) 5.9+2.1 5.2£2.1 5.1+2.3 0.18"
eCO (median and 1Q range) 21.0 (14.0-29.0) | 20.0(15.0-26.0) | 17.0(12.0-20.0) 0.11%
FeNO (median and IQ range) 6.6 (4.3-8.4) 5.9 (5.0-7.8) 5.5 (4.5-6.9) 0.47%

’r)(z test; “one-way analysis of variance (ANOVA); tKruskall-Wallis test

SD: standard deviation; IQ range: interquartile range; FTND: Fagerstrom Test of Nicotine Dependence;

eCO: exhaled carbon monoxide; FeNO: fractional nitric oxide concentration in exhaled breath.
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Figures’ legends

Figure 1: Schematic diagram of the study design. Smokers not currently attempting to quit smoking or
wishing to do so in the next 30 days were randomized in three study groups to receive EC kits with
cartridges of identical appearance containing either 2.4% nicotine (12 weeks of “Original 2.4%” —
Group A) or 1.8% nicotine (6 weeks of “Original 2.4%"” and a further 6 weeks of “Categoria 1.8%" —
Group B) or no nicotine (12 weeks of “Original 0%” — Group C). Participants in each group were
prospectively reviewed for up to 52-weeks during which smoking habits, FeNO, and eCO levels were
assessed regularly.

FTCD: Fagerstrom Test for Cigarette Dependence; CPD: cigarettes/ per day; FeNO: fractional nitric

oxide concentration in exhaled breath; eCO: exhaled breath carbon monoxide;

Figure 2: Time trends (means+95% confidence intervals) of exhaled carbon monoxide (eCO) at baseline
(BL), and follow-up visits at week-12 (W-12), week-24 (W-24), and week-52 (W-52), separately for
continuous smoking phenotype (Failures, Reducers, Quitters). The smoking phenotype at W-52
(between subject factor) showed a significant effect (repeated measures ANOVA ). Shaded area

delineates commonly accepted eCO reference ranges for “healthy” non-smokers.

Figure 3: Time trends (means+95% confidence intervals) of fractional nitric oxide concentration in
exhaled breath (FeNO) at baseline (BL), and follow-up visits at week-12 (W-12), week-24 (W-24), and
week-52 (W-52), separately for continuous smoking phenotype (Failures, Reducers, Quitters). The
smoking phenotype at W-52 (between subject factor) showed a significant effect (repeated measures
ANOVA ). Shaded area delineates FeNO reference ranges for “healthy” non-smokers according to

Travers et al (18).

Figure 4: Linear regressions between natural log of exhaled carbon monoxide (In eCO) — upper panels —
or natural log of exhaled nitric oxide (In FeNO) — lower panels — and Adverse Event (AE ) total scoring
separately for continuous smoking phenotype (Failures [n=82], Reducers [n=34], and Quitters [n=18]).
R? and p values are indicated for each regression. Differences among slopes were significant (p<0.0001

for both In eCO and In Feno, Analysis of Covariance). Among Quitters, the relationship between FeNO
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and Symptom Score (AEs Total Scoring) is negative, (i.e., higher FeNO is associated with lower AEs

©CoO~NOUTA,WNPE

Total Scoring) whereas the relationship between eCO and AEs Total Scoring is positive (i.e., higher eCO
10 is associated with higher AEs Total Scoring). Please note that max individual AEs Total Scoring was

12 eight and min was zero, thus higher values in AEs Total Scoring indicates presence of many symptoms.
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