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Scientific Evidence Must Support Decision Making

• �…direct and implied claims of reduced risk 
only if FDA confirms that scientific evidence 
supports the claim and that marketing the 
product will promote public health.�

Mitch Zeller 
US Senate Health, Education, 
Labor and Pensions Committee 
May 2014
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Substantiation framework for combustion-free tobacco products
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Evidence to prove the health impact of C-F products….
• Epidemiology
• Clinical studies (health effects indicators, biomarkers of 
potential harm)

Risk/Harm
Reduction

Substantiation of risk reduction and harm reversal





Disease Relevant BoPHs for Switching Studies

HDL-C WBC sICAM-1 11-DTX-B2 8-epi-PGF2a



Lack of early and 
clinically significant 
endpoints

Focus on health effect 
indicators that are 
specifically relevant to 
smoking cessation and 
switching studies

Accelerate discovery science 
(validation of promising novel 
candidates).

The quest for useful health effect indicators
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Chronic inhalational exposure to the mixture of more than 
8000 harmful and potentially harmful chemical constituents 
that transfer into cigarette smoke during tobacco combustion 
can cause progressive functional alterations and structural 
damage in the human body, which result in numerous medi-
cal conditions affecting primarily the respiratory and cardio-
vascular systems [1, 2].

The key to reducing the negative health effects of smok-
ing is to avoid chronic exposure to chemicals released during 
the tobacco combustion of conventional cigarettes. This can 
be achieved either by smoking cessation programs, which 
include prescription medications (varenicline, bupropion, 
nicotine replacement therapy) and counselling [3] or by 
cigarette substitution with combustion-free products, which 
include e-cigarettes and heated tobacco products (HTPs) [4].

Almost certainly smoking cessation programs and switch-
ing trials with non-combustible sources of nicotine would 
produce significant health improvements, thus confirming 
what might reasonably be predicted from what is already 
common knowledge on chemical composition of combus-
tible cigarettes smoke and pathogenesis of smoking-related 
diseases. Switching from cigarettes to combustion-free prod-
ucts has been shown to improve respiratory outcomes in 

patients with COPD [5, 6] and to lower blood pressure in 
patients with hypertension [7]. Although these preliminary 
studies led to the expected results (i.e. that switching has 
similar clinical and functional benefits as quitting), their 
study design, sample size and reporting methods were not 
ideal.

To reassure health and regulatory authorities, larger pro-
spective studies on the long-term health impact of combus-
tion-free nicotine delivery products (C-F NDPs) are needed. 
It is essential to provide high quality clinical information 
on the harm reduction/reversal potential of CF-NDPs as 
a substitute for conventional cigarettes for long-term use; 
switching studies may form an integral part of regulatory 
submissions to the US Food and Drug Administration (FDA) 
when seeking authorization to market a novel product as a 
modified-risk tobacco product (MRTP) [8].

Gale et al. describe their approach to substantiating the 
potential for harm reduction/reversal of a newly marketed 
HTP in their carefully designed switching trial, published 
in Internal and Emergency Medicine [9].

The HTP device in their study (glo) electronically heats 
(instead of burning) small tobacco sticks at temperatures 
below 250 °C to generate nicotine-containing aerosols. 
Because these aerosols are produced at temperatures below 
combustion (which generally begins at temperature above 
400 °C), they contain much less harmful and potentially 
harmful chemicals than tobacco smoke, and the overall level 
of chemical exposure in exclusive HTP users is considerably 
lower than in smokers [10]. Gale et al. executed the valuable 
scientific step of performing a reality check on the prediction 
that avoiding exposure to combustible cigarettes smoke by 
switching to much less harmful HTPs would almost cer-
tainly produce significant health improvements.
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Blood
• White blood cell count
• s-ICAM1
• hsCRP
• Plasminogen activator inhibitor-1
• Endothelin-1
• Total cholesterol, HDL, LDL
• …..

Urine
• 8-epi-prostaglandin F2α Type III
• ….

Physiological Measures
• Blood pressure
• Spirometry (including FEF25-75%), impulse oscillometry
• Augmentation Index, pulse wave velocity
• 6-minute walking test
• VO2max
• Saccharin test
• ….

Exhaled Breath
• Nitric oxide (FeNO)
• Carbon monoxide (eCO)
• EB Condensate analysis

Patient-reported oucomes
• Smoking Cessation Quality of Life
• Other questionnaires

Study endpoints for substantiation of health-focused MRTP claim

Imaging
• Angio OCT
• High-Resolution CT
• Hyperpolarized MRI
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Reduction in cough by regular EC users
who abstained from tobacco smoking after switching

Cibella F, et al. Clin Sci. 2016
Caponnetto P, et al. PLoS One. 2013

Improvement in coughing after switching



Functional Evaluations

Spirometry
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Mucociliary Clearance (MCC)

about 0.4 cm/min

Functional Evaluations

Saccharin particle is placed in the 
medial surface of the inferior nasal 
turbinate.



Non-smoker Smoker

Non-smoker Smoker

Harm caused by cigarette smoke on respiratory cilia
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Figure 1. STTT measurements among never smokers (closed circles), current smokers (open diamonds), 
former smokers (closed squares), exclusive EC users (open circles), and exclusive HTP users (closed 
triangles). The median STTT (IQR) was prolonged only in current smokers, compared with other study groups. 
The calculated ULN was 10.99 min. The overall p  value was calculated by Kruskal–Wallis test.
EC, e-cigarette; HTP, heated tobacco product; IQR, interquartile range; STTT, saccharin test transit time; ULN, upper limit of 
normality.

The calculated ULN of 10.99 min in never smok-
ers was used as a cut-off point for abnormal 
MCCTT measurements. As expected, most of 
current smokers (27/39; 69.2%) had an MCCTT 
value above the ULN, whereas only 12.5% (5/40) 
former smokers, 10% (2/20) exclusive EC users, 
and 10% (2/20) exclusive HTP users had 
MCCTT values above the ULN.

Discussion
This is the first study to investigate saccharin 
transit time in EC and HTP users. Compared 

with never and former smokers, saccharin transit 
time in current cigarette smokers was nearly twice 
as long (7.24 and 7.26 min versus 13.15 min) and 
remarkably similar transit times were also 
observed in ECs (7.00 min) and HTPs users 
(8.00 min). Moreover, 90% of transit time meas-
urements taken from EC users or HTP users were 
well within the upper limit of normal.

With a saccharin transit time that is similar to that 
of former and never smokers, EC and HTP users 
exhibit no significant impairment of MCC. 
Considering that exclusive EC and HTP users in 
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Switching Can Restore Lung Defence
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Introduction
In addition to causing cardiovascular diseases, 
cancer, and chronic obstructive pulmonary dis-
eases (COPD),1,2 chronic exposure to a range of 
toxic chemicals in the cigarette smoke can cause 
progressive structural damage and functional 
alterations of the airways, with loss of cilia,3,4 
reduced ciliary beating,5,6 and airway epithelial 
mucus cell hyperplasia causing mucus hypersecre-
tion.7,8 Tobacco combustion in conventional ciga-
rettes is known to release a multitude of harmful 
and potentially harmful chemical constituents 
including phenol, formaldehyde, and acrolein,9 
which have been shown to be cilia-toxic.10 
Disruption of the mucociliary clearance (MCC) 

function may contribute to inflammation and 
obstruction of the small airways,11 and increased 
susceptibility to respiratory infections.12–14

Abstaining from tobacco smoking may reduce 
structural damage and restore cilia-mucus interac-
tion. Former smokers have been shown to exhibit 
similar MCC transit time (MCCTT) as never 
smokers,15 and smoking cessation studies have 
demonstrated that MCC impairment can be 
reversed rapidly in quitters.16,17 The demonstration 
that the cilia-mucus functional framework of smok-
ers can be restored soon after stopping exposure to 
smoke toxicants suggests that measurement of 
MCCTT can be used as a sensitive biomarker of 

Impact of exclusive e-cigarettes  
and heated tobacco products use  
on muco-ciliary clearance
R. Polosa , R. Emma, F. Cibella, M. Caruso, G. Conte, F. Benfatto,  
S. Ferlito, A. Gulino, M. Malerba and P. Caponnetto

Abstract
Background: Tobacco smoking impairs mucociliary clearance (MCC) efficiency as shown 
by prolonged saccharin test transit time (STTT). Avoiding exposure to tobacco smoke from 
combustible cigarettes may restore MCC function and former smokers have been shown to 
exhibit similar STTT as never smokers. The impact on STTT of switching from smoking to 
combustion-free tobacco products such as e-cigarettes (ECs) and heated tobacco products 
(HTPs) is not known.
Methods: We report STTT of exclusive EC and HTP users. Test results were compared with 
those obtained in current, former, and never smokers.
Results: STTT were obtained from 39 current, 40 former, 40 never smokers, and from 20 EC 
and 20 HTP users. Comparison of STTT values showed significant difference among the five 
study groups (p < 0.00001) with current smokers having a median [interquartile range (IQR)] 
STTT of 13.15 min, which was significantly longer compared with that of all other study groups. 
In particular, compared with former (7.26 min) and never smokers (7.24 min), exclusive EC 
users and exclusive HTP users had similar STTT at 7.00 and 8.00 min, respectively.
Conclusion: Former smokers who have switched to exclusive regular use of combustion-free 
nicotine delivery systems (i.e., ECs and HTPs) exhibit similar saccharin transit time as never 
and former smokers. This suggests that combustion-free nicotine delivery technologies are 
unlikely to have detrimental effects on MCC function.

Keywords: e-cigarette, heated tobacco products, mucociliary clearance transit time, 
saccharin test, smoking
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Imaging parameters via  HRCT
1) density threshold measures

• lung attenuation area (LAA <950 HU, Perc-15 on TLC series)
• percent air trapping (all <860HU on RV series);

2) texture feature measures
• percentage of ground glass (QGG, pulmonary fibrosis; QLF, normal lung ; QN as

percentage pixels, and ml);

3) airway measurement
• median airway wall thickness (WT, square root of wall area - SRWA, and diameter

and Pi10)

Imaging Evaluations



Imaging parameters via optical 
coherence tomography (OCT)

1) Retinal thickness
2) Superficial retinal vessel density

• Whole
• Fovea
• ParaFovea;

3) Deep retinal vessel density
• Whole
• Fovea
• ParaFovea;

Imaging Evaluations

• Non-invasive imaging technique
• Quantitative parameters of retinal microcirculation 
• Superficial and deep capillary plexus

p=0.008
p=0.016

p=0.006

Non smokers          smokers                   EC                    HTP





Key Issues

• Existing study endpoints are not sensitive enough and not 
clinically significant

• Evidence for an health-focused MRTP claim may require:
• Novel, clinically relevant health effect indicators
• A combination of existing and novel health effect indicators

• Discovery science programs to inform regulatory science of novel
tobacco and nicotine products

• The long-term health impact requires prospective studies of users 
with no previous hx of exposure to tobacco smoke


