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ABSTRACT RESULTS EXPOSURE ASSESSMENT CALCULATIONS FOR E-CIGARETTE AEROSOL COMPONENTS
Electronic cigarettes (e-cigarettes) aerosolize a nicotine-containing e-liquid that is inhaled by the consumer. Compared to combustible cigarette FIGURE 3. RISK ASSESSMENT FRAMEWORK FOR E-CIGARETTE AEROSOL COMPONENTS i days
smoke, e-cigarettes typically produce significantly lower levels of inhaled toxicants. The aerosol mixture delivered to the consumer from an y ) Aerosol constituents (e.g. HPHCs) : EC (%) _ HPHCY(%)XCR*(%Ty)XEF(ye—z.S)XED(YeaFS)

e-cigarette contains several components, such as e-liquid ingredients, thermal decomposition/reaction products, and device-derived materials. IR (;"T;)x AT/ (days)
Exposure to this inhaled mixture is not without health risks that must be evaluated. The human health risk assessment process provides a
systematic approach to evaluate the potential adverse effects associated with chemical exposures. However, a comprehensive risk assessment
framework for evaluating e-cigarettes has not previously been developed due to the complex nature of the aerosol mixture, variability of

toxicological data for the inhaled ingredients (e.g., nicotine, excipients, and flavoring compounds), thermal decomposition/reaction products (e.g.,
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harmful and potentially harmful constituents and non-targeted analytes), and device-derived materials (e.g., leachables), as well as a lack of E-liquid ingredient (e.g. leachables, analysis (e.g. (e.g. thermal : E-liquid ingredients: EDE; (dTy) = (Ingredlent T - o ) X PpD X (pﬁ) X 1»0007 X100% BA X 100% TR
accepted standards. The objective of this work is to propose a suitable and pragmatic risk assessment process that can be adopted to evaluate the disclosures impurities) HPHCs) dﬂg"zdaii“” |
health effects potentially caused by exposure to e-cigarette aerosol mixtures. The framework presented here considers the variability in products) J'
toxicological data and toxicological prioritization for each aerosol component to incorporate appropriate analytical characterization methods, tools r
for hazard identification and dose-response assessment, best practices for exposure estimation, and regulatory standards for quantitative and/or . Y :
qualitative risk characterization approaches. Overall, with consideration of other sources of nonclinical data, a systematic, weight-of-evidence risk Hazard |dentification *, g g g
assessment process is established for the whole aerosol. This comprehensive framework is the first to be presented for any tobacco product and E-liquid leachables: EDE; (dTy) = (Concentration (;)) X PpD X (ﬁ) X 100% BA X 100% TR
can be utilized to support risk assessment standardization, product development, regulatory submissions, and inform regulatory decisions. Tobacco-related disease Consider exposure-based
Genotoxicity, carcinogenicity, reproductive and "‘< screening
developmental toxicity \
INTRODUCTION Respiratory and cardiovascular toxicity
. ' ' ' . Single- and repeated-dose toxicity
Based on the potential for reduced exposures to Harmful and Potentially Harmful Constituents (HPHCs) compared to combustible cigarettes and Respiratory sensitization
demonstrated cessation effectiveness, e-cigarettes are now used as a tool for smoking cessation in some parts of the world (including the UK and CONCLUSIONS
L "
Australia). The FDA Center for Tobacco Products notes that “switching to lower risk alternatives (e.g., e-cigarettes) has been suggested to reduce , L , , ,

: : : . : : : . : : : : The h d identificat d dose- h fth Kk t b tly dictated by dat
smoking-attributable risks” and “opportunities exist to educate adult smokers about the relative risks of tobacco products, including e-cigarettes, FDA HPHC designation ainlaabzi?i; iaentification and dose-Tesponse phases of the TISK assessment protess Witk be mostly dictated by data
using evidence-based approaches.” Therefore, the potential for a new e-cigarette product to raise different questions of public health compared to Expert 2roub assessments Y-
currently marketed tobacco products must be considered alongside the benefits of e-cigarettes to deliver nicotine with a reduction in HPHCs. pert group Many HPHCs are well-studied and HBRVs might exist that can be applied during the risk characterization.

The human health risk assessment process is a systematic approach to evaluate potential health risks associated with exposures. It is widely used by Toxicological literature Other constituents of e-cigarette aerosol (e.g., those captured in NTA analyses) may be poorly studied; therefore, the
regulatory agencies (e.g. FDA, USEPA) for assessment of various human chemical exposures through foods, water, air, etc. Risk assessment is an Read-across hazard identification and dose-response stages of risk assessment are likely to rely on read-across, in silico and/or
integral part of the FDA's Predictive Toxicology Roadmap for evaluating relative health risks of tobacco products during product development, - TTC approaches.
regulatory submissions, and for informing regulatory decisions. Although the techniques employed to evaluate each of these exposures can vary, the in silico tools , , , ,
: : : : ) : . e The risk assessment process can be adapted for each of the various aerosol components potentially inhaled by
risk assessment process routinely comprises of the following key steps: problem formulation, hazard identification, dose-response assessment, , o . ,
: . : N : : : : e-cigarette consumers, to generate initial estimates of risk from exposure to the whole product.
exposure assessment, and risk characterization (Figure 1). The application of these steps with respect to e-cigarettes and their key components is
described here in an overall risk assessment process. This process can aid product development by refining products to minimize exposure and risk to certain chemical
Y constituents.
METHODS The combination of chemical risk assessment with other types of non-clinical and clinical data in an overall weight-
of-evidence assessment can inform regulatory decision-making processes related to the public health impact of
FIGURE 1. SCOPE OF E-CIGARETTE RISK ASSESSMENT Dose-Response Assessment tobacco products.
L. -
l FIGURE 4. INTEGRATING RISK ASSESSMENT INTO A WEIGHT OF EVIDENCE
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FIGURE 2. METHODS FOR APPLYING A RISK ASSESSMENT FRAMEWORK FOR E-CIGARETTE AEROSOL COMPONENTS
e Define risk assessment objectives R
e Determine the scope of analyses and techniques for the identification, quantification and risk assessment of HPHCs and target Cansider TTC ~ Is sufficient _ Biological significance with examination
Problem constituents generated in the aerosol, ingredients formulated in the e-liquid, leachables from the device materials, and potential approach N TDHIGITH’_dﬂtﬂ available to Yes Derive HBRV of whole aerosol using in vitro and in
Formulation reaction or thermal degradation compounds detected in the aerosol with non-targeted analyses. Y derwe an HERV? vivo systems
N HPHCs and target constituents
e Determine the critical toxicological endpoints to be investigated for each component (e PG, VG)
e Review the available toxicological data (e.g., published literature, read-across, and in silico data) and define critical effects, where . -8- ?
possible (typically =>90% of aerosol mass)
» Determine aerosol constituents that have the most impact on tobacco-related diseases p ( ) Estimate long-term health risk for
Risk Characterization tobacco related diseases
~ Quantify health risk for each . .
» Develop a systematic approach for identifying the doses at which health effects are anticipated to occur, including Health-Based ) - substance (or group) by calculating [ ’ Welght of evidence
Reference Values (HBRVSs) risk quotient - k f
Dose- e HBRVs may also be derived from good-quality toxicological data, in accordance with appropriate guidance %.£- MAJE = HERWEDE risk assessment o
T * Consider the Threshold of Toxicological Concern (TTC), particularly where data are limited P \ Relative risk of cancer and whole product
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