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Dr. Stephen Ostroff, M.D.

Acting Commissioner

ATTN: Division of Dockets Management (HFA—-305)
Food and Drug Administration

5630 Fishers Lane, Rm. 1061

Rockville, MD 20852

RE: Docket No. FDA-2014-N-1936
Dear Dr. Ostroff:

Legacy applauds the Food and Drug Administration’s (FDA)
proactive hosting of three public workshops as part of its process
of gathering a wide range of scientific information on electronic
nicotine delivery systems (ENDS), including e-cigarettes and other
similar, non-combustible products. Given the public health
urgency of regulating these (and other still-unregulated) tobacco
products, it was important to host these workshops even though
the long-awaited deeming regulation has still not been issued.
Finalizing the deeming regulation must, of course, be the first
order of business. As soon as that is accomplished, it is essential
that FDA immediately move forward, using the information
garnered from these public workshops and other sources, to start
the overdue process of regulating ENDS. The overarching goal of
such regulation must be to protect the public health by maximizing
ENDS benefits and minimizing ENDS potential harms in order to
reduce the death and disease burden from tobacco use.

In our view, this is best accomplished by following a strategy to
minimize harm from all tobacco products. This harm minimization
strategy holds that while the best way to eliminate tobacco-based
harms is to eliminate tobacco use entirely, and to do so as early in
life as possible, the death and disease that flow from tobacco use
can be significantly reduced if tobacco users who are unable or
unwilling to quit switch as early as possible to the exclusive use of
the least harmful non-combustible or medicinal nicotine delivery
products. Thus, we continue to support regulations that protect
youth from accessing these products, while still making them
available to those unable or unwilling to quit combustible tobacco
products.’

Therefore, we encourage FDA to move quickly to put the following
measures into place:
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e Regulations to ensure safety, quality and accurate labeling of ENDS devices and ingredients for
human consumption via inhalation.

e Mandate child resistant packaging to minimize unintentional exposures in children with clear
warnings and instructions about safe handling of nicotine containing liquids.

e [nstitute a minimum national age for purchase of all tobacco products, including age verification
measures for internet, phone and mail order purchases.

e Expand youth marketing restrictions currently imposed on cigarettes and smokeless products to
all tobacco products.

e Eliminate flavors (including menthol) in all tobacco products with a possible limited exception of
lower harm non-combustible products whose manufacturer(s) can demonstrate to the FDA that
the flavored product does not appeal to and is not marketed to youth (verified with careful post-
market surveillance of actual usage patterns).

Over the longer term, FDA should put in place a comprehensive nicotine regulation approach across the
Center for Tobacco Products (CTP) and the Center for Drug Evaluation and Research (CDER) to most
effectively and expeditiously reduce the death and disease burden caused by combusting tobacco
products, primarily cigarettes.” This should include a plan to inform consumers about the relative
health risks of a broad range of combustible and non-combustible classes of tobacco products and about
how to use that knowledge to minimize potential individual harms. For example, informing consumers
that individual harm will only be significantly reduced to the extent that any initial dual use of
combustibles and less harmful products leads, as soon as possible, either to complete cessation of all
tobacco products or exclusive use of the lower harm product.

For both short-term and long-term issues, FDA should employ a two pronged approach to regulating all
tobacco and nicotine delivery products, including ENDS: First, FDA should adopt product standards that
will reduce the appeal, toxicity, and addictiveness of combustible tobacco products, which include
cigarettes, cigars, roll-your-own tobacco, pipe, and hookah. As part of this, it is essential to eliminate
menthol as a characterizing flavor which is shown by strong evidence to appeal to youth and make it
harder for smokers to quit.>” Second, FDA should simultaneously develop a regulatory scheme that will:
(a) promote cessation of all product use as the ideal way to eliminate all harm as early in life as possible;
(b) promote movement away from combustible tobacco use towards complete switching to less harmful
products (i.e., a reduce-to-quit indication); (c) include long term use if necessary to prevent relapse back
to combustible tobacco use; and (d) prevent uptake of any and all tobacco or nicotine products by youth
and other non-users. Thus, while the first priority is for regulation to prevent the uptake of any and all
tobacco or nicotine containing products entirely, Legacy supports harm minimization, the displacement
of combustible tobacco use as soon as possible for those unable to quit the most harmful combustible
products in favor of exclusive use of less harmful, non-combustible products.?

We recognize that the science is rapidly developing and, with regard to some issues, there remain
unresolved questions. It is important to keep in mind, however, that instead of waiting for decades to
conduct “definitive” studies, other scientific methods can be used to guide prudent regulation that saves
lives and reduces the disease burden of tobacco. For example, use of modern statistical methods for
causal inference in epidemiological and post-marketing studies, and mathematical simulation modeling,
will be essential to guide and support regulatory policy with the goal of protecting the public health by
maximizing benefits and minimizing potential harms in order to rapidly reduce the death and disease
burden from tobacco use behavior.
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Our comments consist of three major sections. First, we discuss how to apply the public health standard
in regulating ENDS in the context of other tobacco products. Second, we provide recommendations for
reviewing and interpreting the science on ENDS. Third, we provide answers to selected questions FDA
posed for each workshop based on our ongoing systematic review of scientific literature on ENDS.

SECTION 1. Regulating ENDS under the Public Health Standard

A continuum of harm exists, and regulation of ENDS must reflect that continuum.
As it applies the public health standard to the regulation of ENDS, FDA needs to keep in mind the public
health implications across the full range of tobacco products. Importantly, as the Surgeon General’s
2014 50 anniversary report states:
“Death... is overwhelmingly caused by cigarettes and other combustibles... promotion of e-
cigarettes and other innovative products is... likely to be beneficial.... where the appeal, accessibility
and use of cigarettes are rapidly reduced.” (Exec Summary pp 15-17)

Based on the 2014 Surgeon General’s Report,® a key element of improving the public health is to move
as many tobacco users as possible away from combustible tobacco products — the most toxic tobacco
products (see Figure 1 below). Thus, the actual patterns of use of ENDS must not only be viewed in light
of the ultimate goal of no tobacco use, but also in the context of current patterns of uptake and
continued use of combustibles.” To benefit overall population health, ENDS need not be harmless or
risk-free. Rather, they must be significantly less harmful, than cigarettes and other combustible products
and be used in a manner that speeds the displacement of combustibles at the population level.

Figure 1 illustrates a continuum of harm, with no use at all and toxic combustible use, at opposite
extremes.

Figure 1. Continuum of harm: Combustible tobacco products to no use at all
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ENDS must be considered in the context of the full spectrum of tobacco use.

Figure 2 below presents a critical framework to identify the shifts in tobacco use that can alter the
ultimate population impact. While appearing complicated, the core elements are straightforward. At the
top of the model are never-users (in green for no harm). Some will remain never-users, but a proportion
will try other tobacco products, and some lesser proportion will transition to long-term use, either to
most harmful combustibles in red or to comparatively less harmful ENDS in brown. Dual use may be a
static state or a transitional state either toward exclusive ENDS use and lesser harm (from left to right)
or toward exclusive combustible cigarette use and greater harm (from right to left). Finally, users may
transition to cessation and remain a former user, in green, or relapse to any of the three use states. The
utility of this model is that it can be altered to include any number of products, including other
potentially reduced harm tobacco products, and the transitions between them, but it keeps use of a
single product (e.g., ENDS) within the context of a broader dynamic system.

Figure 2. Markov model of the various states of e-cigarette and cigarette use™

AN

\

Non-
current

{ Cigarette
use

% X
Dual use E-cigarette
use

\\\‘/, /

In the context of the multiple pathways described in Figure 2, FDA will have the greatest impact on
population health through a regulatory scheme informed by three over-arching goals: (1) preventing
non-tobacco users, especially youth, from initiating tobacco use in the first place; (2) deterring or
reversing progression to combustible use as early in the user’s lifetime as possible; and (3) helping
combustible users quit entirely or switch to less harmful regulated products. The third goal recognizes
that once established, quitting tobacco products, particularly combustible products, is not easy and for
some, proves nearly impossible. As a result, for those unable to quit combustible products, Legacy
supports harm minimization, meaning the displacement of the use of combustibles as soon as possible
by moving those who cannot or will not quit the most harmful combustible products to exclusive use of
less harmful, non-combustible products.
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With weighing population-based risks and benefits as the proper criterion, it is essential not only to
determine whether ENDS, or any other tobacco product FDA may regulate, encourages uptake of
tobacco products, but also whether the product helps those who use the most dangerous by far
combustible tobacco products move to less harmful products, and possibly to ceasing use of any and all
tobacco or nicotine delivery products.”**° Only when the full picture of the impact a product is having
on public health is taken into account can regulations be developed that best protect youth from
initiating tobacco use and help those succeed in quitting.

SECTION 2: Recommendations for Reviewing and Interpreting the Science on ENDS

2.A. State of the Science: Uptake of E-cigarette Use by Non-Users of Tobacco Products

Using our Markov model roadmap (Figure 2), we examine selected examples from the state of the
science to show how easily omission of pathways or over interpreting causality can mislead and cloud
prudent decision making. According to Monitoring the Future (MTF) data, almost 70.0% of youth have
remained non-users of any tobacco product at all and cigarette use declined steeply down to an all-time
low in 2014 (Figure 3).

Figure 3. Prevalence of past 30-day cigarette use among 8, 10, & 12" graders (MTF)"*
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In 2014, 17.2% of 12" graders reported trying an e-cigarette in the past 30 days (Figure 4). Looking
closer, 76.0% of those, or 12.9% overall, were dual users and also still smoked cigarettes. Conversely,
about a quarter of them — 5.6% of the total — were former cigarette smokers and are now ONLY using
ENDS. Still of concern is that 4.3% of never smokers are ENDS experimenters; however, there is no
evidence yet to indicate that they are transitioning to more harmful combustible products. These data
are cross sectional, so we cannot infer causality.
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Figure 4. Ever use and past 30-day use of cigarettes by past 30-day e-cigarette users (12" grade)'>**
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Like MTF, the National Youth Tobacco Survey (NYTS) has rich data to use to get a fuller picture of use
states and trajectories. In 2014, past 30-day e-cigarette use among high school students was at 13.4%
and 9.4% of high school students reported past 30-day cigarette use; these data do not provide
information on polytobacco use among youth.'* As such, total combustible product use is not yet
analyzed for 2014, but in 2013, it stood at 16.9% exclusively, and at 20.7% combined with e-cigarette
use (Figure 5). Across 2011-2013, exclusive e-cigarette use remained below 1%, with the bulk of youth
using both an e-cigarette and another tobacco product.

Figure 5. Past 30-day tobacco use among high school students (NYTS 2011 - 2013)"*"’
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E-cigarettes clearly attract youth, as do regular and mentholated cigarettes, flavored cigars, and hookah.
Our roadmap in Figure 2 reminds us not to forget uptake of all combustible products simultaneously
with uptake of ENDS when considering how to protect our youth from the most harmful exposures. The
take-home point is to avoid narrow and over-reaching interpretation of any one number. All the
trajectories and states are needed to inform the net population impact. The roadmap ensures a
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balanced perspective, and informs what existing data can be mined even further. Gaps alert us to what
specific questions and types of future studies we need to improve overall decision-making.

Ever or past 30-day use can be fleeting in mapping a trajectory into or out of harm from regular use.
Recent studies by Kozlowski and Giovino and by Warner strongly reinforce that past 30-day use is a very
weak predictor of regular use.'®'® The raw MTF data from 1975 to 2014 makes the point as clearly as
anything. Conversion rates fall off dramatically, from ever/lifetime cigarette use to past 30 days to
regular use (Figure 6). Even less is known about conversion from trial e-cigarette use to regular e-
cigarette use and into regular use of combustibles. While it is critical to understand progression from
ENDS to the combustibles, there are no clear longitudinal data on this issue as yet.

Figure 6. Trends in prevalence of cigarette use in Grade 12, Monitoring the Future 1975 - 2014
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Other contextual considerations are important. The concern about youth e-cigarette use is often based
on the gateway construct: e-cigarette use will lead to combustible use. However, the common liability
model has largely replaced the gateway theory as an explanation of multiple product use.’>*! Youth
have qualities like curiosity, sensation seeking and other risk-taking vulnerabilities, which drive all the
substance use behaviors with different implications for overall public health impact. Which substances
are used first may simply be an indicator of the shared underlying vulnerability; causal direction cannot
be inferred from cross-sectional data, and longitudinal data may not necessarily imply a gateway
because the counterfactual cannot be proven. The vulnerable person may have used another substance
anyway, even if the first substance had not been available on the market.”

Many studies are being published based on observational designs that are largely cross-sectional, such
as on youth uptake patterns (e.g. NYTS) in the U.S., that imply ENDS promotes the progression and the
use of more harmful combustible cigarettes. As described in recent commentaries by Abrams and
Niaura,”® and Niaura, Glynn and Abrams®? one of the most prominent of these studies, by Dutra and
Glantz, using data from a large representative cross-sectional study of U.S. school students, reported
experimental e-cigarette use was associated with more use of combustible cigarettes.”* The authors
acknowledged the correlational, rather than causal, nature of the study design, but then stated: “Use of
e-cigarettes does not discourage and may encourage, conventional cigarette use among U.S.
adolescents” and “e-cigarette use is aggravating rather than ameliorating the tobacco epidemic among
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youths.”** The data do not support the conclusions.”” Niaura, Glynn and Abrams? explain that it is

“equally plausible that use of combustible cigarettes leads to use of e-cigarettes, because they are
perceived as a less harmful alternative for smokers who are not able or willing to go without smoking or
are simply experimenting with a new and novel product out of curiosity.”*>** Dutra and Glantz also
noted a positive correlation between use of e-cigarettes and time spent using tobacco products, which
they believe “... call[s] into question claims that e-cigarettes are effective as smoking cessation aids.”**
The authors fail to note that e-cigarette users also had higher intention to quit,”**>** indicating that e-
cigarette users may have adopted e-cigarettes to assist with quitting. Similar studies to this one “appear
to replicate one another and thus seem on the surface to strengthen what amounts to the same
premature and possibly misleading conclusions.”?*?

In summary, it is necessary to be mindful of the transition of use among the various states and the limits
of current data to accurately predict net public health impact and thus provide a roadmap for science-
informed regulation and policy. As a recap, existing data are uninformative or insufficient to determine:
* Causal paths and longitudinal trajectories
* Conversion rates into/out of: trial to regular to combustible — above the counterfactual
*  Common vulnerability: travel with other risk behaviors
*  Context of combustibles: Menthol, flavored cigars, hookah — TOTAL combustibles - appeal,
toxicity, addiction
* Prevention - no sales/marketing and flavors that appeal to youth in any way of any tobacco or
nicotine delivery product.

2.B. State of the Science: Impacts on Current Users of Tobacco Products (Cessation/Dual Use/Exclusive
Use)

Here we turn to patterns of use among current users of tobacco, especially the most harmful
combustible products, and in particular, the current state of knowledge on the impact of e-cigarettes on
cessation and dual use behavior. In our view, the current state of the scientific literature is inadequate
to draw significant conclusions about this issue. This is because most of the current literature is based
on cross-sectional observations that have significant flaws making them of limited or no value in
assessing this question.

Sources of concern include:

e Approach is blind: vulnerable to heterogeneous studies that lack sufficient commonality of
measures, methods, rigor

e Poor exposure measures: inappropriate/insufficient duration (e.g. ever used an e-cigarette; no
duration indicated; no reason for use, type of product, or co-use with other quit aids indicated)

e Selection, indication bias: cannot rule out®

e Replication myth: multiple uninformative studies create a false negative impression and are
over interpreted.

Evidence to Assess the Effect of E-cigarette Use on Smoking Cessation

Below we detail our concerns regarding the state of the evidence of e-cigarettes on smoking cessation
and expand the presentation of Dr. Jennifer Pearson at FDA's third e-cigarette workshop.

We conducted a review of the scientific evidence related to the effect of e-cigarette use on smoking
cessation. We identified 42 studies that purport to report on the relationship between e-cigarette use

8
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and smoking cessation. We present the strengths and weaknesses of these studies, and highlight the
best available evidence. Take-home points for each section are noted in bold.

Most existing observational studies related to the effect of e-cigarette use on smoking cessation are
uninformative and are marred by poor measurement of exposures and unmeasured confounders.

We established a hierarchy to organize studies according to their methodological strengths. Studies that
“fall out” of this hierarchy towards the top are weaker — and uninformative — compared to those that
“fall out” towards the bottom. Figure 7 illustrates this hierarchy. We found that most of the existing
studies related to the effect of e-cigarette use on smoking cessation are uninformative. An assessment
of the included studies is outlined in detail below. Information about specific studies can be found in
Table 2 (included at the end of this section). We include three randomized, controlled trials published
on this topic in the flowchart for completeness, while noting that their design preempts some of the
categories listed in Figure 7.

Figure 7. Hierarchy of Methodological Consideration and Evidence. Studies included towards the
bottom of the flowchart have the strongest methodologies and provide the best evidence.

Studies included in the review
(n=42)
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%
Studies measure dose of e-cigarette use
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%
Studies assess the e-cigarette product type
(n=2)

> 7 studies excluded

> 7 studies excluded

It is important to note that the existing observational studies do not constitute reliable scientific
evidence and therefore, meta-analyses of these studies are inappropriate for several reasons. First, as
noted above and detailed below, the majority of studies that purport to address the relationship
between e-cigarette use and smoking cessation do not provide evidence to answer that question.
Second, as noted in the Cochrane Handbook for Systematic Reviews of Interventions,?® the use of meta-
analysis is not appropriate in all reviews and the first step to deciding whether to undertake a meta-

9
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analysis is to evaluate the similarity of studies with respect to population, intervention, comparison
group, and outcome. The initial determination of heterogeneity should be evaluated qualitatively by the
authors and evidence of statistical heterogeneity in the model should be presented ONLY after it is
determined that the studies are comparable enough to warrant pooling of data. The observational
studies identified in our review were determined to be sufficiently heterogeneous that they should not
be pooled in such an analysis. The recent Cochrane review on the use of e-cigarettes for smoking
cessation reached a similar conclusion. The Cochrane reviewers examined data from both randomized
controlled trials and cohort studies, but conducted limited meta-analyses using data from only the two
randomized controlled trials where the designs and populations were deemed sufficiently similar to
compare.”’ Third, non-randomized studies which use “different study designs (or which have different
design features)...should not be combined in a meta-analysis” (p. 422).%° A key issue related to pooling
non-randomized studies is adjustment for confounding which is not captured in simple numerators and
denominators or means and standard errors. The Cochrane Handbook warns: “Meta-analyses of
studies that are at risk of bias may be seriously misleading. If bias is present in each (or some) of the
individual studies, meta-analysis will simply compound the errors, and produce a ‘wrong’ result that
may be interpreted as having more credibility” (p. 247).%° As detailed below, the existing observational
studies suffer from measurement bias, selection bias, and confounding that render meta-analysis
inappropriate at this time.

Hierarchy of Methodological Considerations and Evidence (top to bottom):

(1) Studies must examine the outcome of interest (i.e., cigarette smoking abstinence or
reduction).
To provide information regarding whether e-cigarettes can be used as an effective tool for smoking
cessation, a study must appropriately operationalize the outcome of interest (smoking cessation).
We considered smoking abstinence and cigarette reduction to be the most relevant/highest-quality
outcomes. Of the 42 studies we reviewed, seven did not examine the outcome of interest.”*>* These
studies assessed outcomes that are related to smoking cessation, such as intention to smoke,*®
withdrawal-related symptoms,*® nicotine levels,* reason for e-cigarette use,*® and other descriptive
information about people who use e-cigarettes for cessation.**?*

(2) Studies must assess e-cigarette use for smoking cessation as the exposure of interest.

For observational studies, it is crucial to confirm that participants are using e-cigarettes for the
purpose of cessation. People use e-cigarettes for a multitude of reasons, e.g., because they are
cheaper than cigarettes, they are less harmful, or they are only experimenting with the product. If
smokers are not using e-cigarettes to help them quit it does not make sense that we should expect
them to help smokers quit. Pearson et al. addressed this issue by asking, “What quit methods have
you used in the past 3 months?”* Participants who used an e-cigarette as a quit method were
classified as “exposed” and those who did not were classified as “unexposed” regardless of other e-
cigarette use.

For randomized controlled trials (RCTs), where participants are assigned by the researchers to either
use e-cigarettes or abstain and followed for the cessation outcomes of interest, reasons for use are
balanced across the exposed and unexposed study groups through randomization. As such, reason
for use is unlikely to confound the relationship between e-cigarette exposure and cessation and,
similar to studies of NRT on cessation, does not need to be directly assessed in order for study
findings to be generalizable.

10
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Of the remaining 35 studies in the hierarchy, three were RCTs.***8 Of the other 32 studies in the

hierarchy, 26 did not assess the reason for e-cigarette use as an exposure.*>®

(3) Studies must employ strong study designs.

Apart from RCTs, the strongest epidemiologic studies examining whether e-cigarette use leads to
smoking abstinence or cigarette reduction should be longitudinal and have appropriate comparison
groups. Of the nine remaining studies in the hierarchy, seven did not have appropriate study
designs.>>?”*>® Four of these studies were cross-sectional®®*®*®° and one was a case series.*® One
study was longitudinal;*®> however, in its assessment of the association between e-cigarette use and
smoking cessation outcomes, it only employed cross-sectional data. One study randomly assigned
participants to e-cigarette use or control during the initial lab phase of the study, but then provided
the control group with e-cigarettes during the follow-up period.?” Since there was no longer an
unexposed control group during the phase of the study in which the smoking cessation outcomes
were obtained, this study was excluded at this point as well.

After considering whether studies assessed the outcome of interest, e-cigarette use for smoking
cessation as an exposure, and study design, only two studies — both RCTs — remain in the
hierarchy.*®* These studies met all of the additional criteria described below.

(4) Studies must precisely measure the exposure of interest (i.e., e-cigarette use).
In order to precisely measure the exposure of interest (e-cigarette use), studies should:

(a) Establish temporality by ensuring that the exposure preceded the outcome.

(b) Measure dose of e-cigarette use.
Some studies report ever or past 30-day use of e-cigarettes at baseline.
measures, neither ever use nor past 30-day use accurately capture individuals who regularly
use e-cigarettes. Amato et al. investigated this measurement issue in a 2014 survey of over
9,300 participants and found that, among current smokers who reported past 30 day e-
cigarette use, 59% were infrequent e-cigarette users (use on 5 or fewer of the past 30 days),
28.7% were intermediate users (use between 6 and 29 (inclusive) of the past 30 days), and
12.3% were daily users (use 30 out of the past 30 days).* Based on this finding, the authors
concluded that defining adult prevalence as any e-cigarette use in the past 30 days may
include individuals who are experimenting with e-cigarette and are unlikely to progress to
regular use.

44,46,49,54,62
As

One study, conducted by Biener and Hargraves, illustrates the importance of measuring e-
cigarette dose for studies investigating smoking cessation outcomes.” They measured e-
cigarette dose and found that intensive e-cigarette use (daily use for at least one month)
was associated with a 6.07 (95% Cl: 1.11 — 33.18) increase in the odds of smoking
abstinence, while there was no significant difference in cessation for intermittent users (e-
cigarette use more than 1-2 times but not daily for a month) or for individuals who had
never used e-cigarette or who had used e-cigarette only once or twice.* Studies using
weaker measures of ever or past 30-day e-cigarette use at baseline do not provide sufficient
information on exposure to e-cigarettes to understand the relationship between e-cigarette
use and cessation.

11
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(c) Assess the e-cigarette product type.
E-cigarettes are diverse.”” They vary by device type,”* performance,” flavor** and other
characteristics.” It is important to assess the e-cigarette product type because products
may have different levels of effectiveness when used for smoking cessation. This
phenomenon was seen by Hitchman et al., who examined differences between cigalike and
tank e-cigarettes and found differential results based on product type.>

Many of the observational studies that “fall out” of the hierarchy before reaching the bottom report
negative correlational findings between e-cigarettes and smoking cessation.?®3>3%41/43,30,52,53,55,56,61,63-65,67-
694446348272 These studies are uninformative and do not tell us how e-cigarette use affects cessation due
to their inherent methodological limitations. To make inferences about the impact of e-cigarette use on
cessation based on these studies would be akin to repeating well-documented errors regarding the
negative effect of nicotine replacement therapy on smoking cessation that is the result of confounding
with dependence. That is, more dependent individuals are more likely to try multiple cessation
treatments, and they are also more likely to fail because of their higher dependence.” Similarly, e-
cigarette users may be more likely to try any number of cessation treatments and to fail because of the
influence of a third variable, such as dependence. This does not imply that the treatments are
ineffective overall, but rather that other, extra-treatment factors need to be taken into account when
highly dependent smokers try to quit and that perhaps treatment dose was insufficient to address their
needs. Like the observational studies of use of nicotine replacement therapies (NRT), selection and
indication bias are important considerations and very difficult to eliminate from analysis of the negative
correlation between NRT use and cessation outcomes.”® Research indicates smokers who used e-
cigarettes consume more cigarettes per day, are more nicotine dependent, make more quit attempts,
make longer quit attempts, and use more cessation aids than otherwise similar smokers who have not
used e-cigarettes to quit. Most of these characteristics are associated with poor cessation outcomes in
observational studies of NRT.>? So, it’s not surprising that smokers who use e-cigarettes to quit have
worse outcomes due to selection and indication bias in observational studies.

While the majority of the studies we reviewed are marred by poor measurement of exposures and
unmeasured confounders, many of them have been included in a meta-analysis that claims to show that
smokers who use e-cigarettes are less likely to quit smoking compared to those who do not.” This meta-
analysis simply lumps together the errors of inference from these correlations. As described in detail
above, quantitatively synthesizing heterogeneous studies is scientifically inappropriate and the findings
of such meta-analyses are therefore invalid.

A Cochrane systematic review published in 2014, which used the highest methodological standards,
examined the efficacy of e-cigarettes for smoking cessation and reduction.”* Of the 594 records
screened, only two randomized trials were included in the meta-analysis.>***® We also identified these
two studies as the only ones that met all of the methodological specifications described in our hierarchy.

Findings from the studies with the strongest methodologies suggest that e-cigarettes are effective in
helping adult smokers to quit or to reduce their cigarette consumption and that rates of smoking
cessation with e-cigarettes are similar to rates of cessation with nicotine replacement therapy.

Three randomized controlled trials (RCTs) were included in our review of the literature. Two of these
studies met all of the methodological specifications outlined above.***® The other study did not have an
unexposed control group when assessing the relationship between e-cigarette use and the outcome.?’
We discuss the two remaining randomized controlled trials in detail below.

12



LEGACY.

FOR LONGER HEALTHIER LIVES

e Bullen C, Howe C, Laugesen M, McRobbie H, Parag V, Williman J, et al. Electronic cigarettes for
smoking cessation: a randomised controlled trial. Lancet 2013;382(9905):1629-37.%

Design: Bullen et al. conducted a randomized controlled trial from 2011-2013 among current
adult smokers interested in quitting in New Zealand (N=657). Participants randomized to the
treatment arm were given an Elusion e-cigarette with a nicotine cartridge that contained 10-16
mg nicotine per mL. Participants randomized to one of the control arms were given either an
Elusion e-cigarette with a placebo cartridge that contained no nicotine or a nicotine patch.

Abstinence outcomes: Biochemically-verified continuous abstinence at six-month follow up was
higher in the treatment arm (7.3%) compared to two control arms (placebo e-cigarette, 4.1%;
nicotine patch, 5.8%), but these differences were not significantly different. Participants
received vouchers for nicotine patches or e-cigarette study products for a 13-week use period (1
week prior and 12 weeks post quit day), and some have suggested that differential adherence
may be a confounder that could have weakened the potential efficacy of the NRT patch arm if it
was delivered under ideal conditions of adherence. Bullen et al. did, however, also report that
the 7-day point prevalence abstinence (ppa) outcomes at six months were similar in the nicotine
e-cigarette group (21.1%) and the placebo e-cigarette group (21.9%), and both e-cigarette arms
were arithmetically but not statistically significantly higher compared to nicotine patch group
(15.6%). Bullen et al. pointed to insufficient statistical power as a probable cause to this lack of
effect, but this may also be due to the use of three groups that were not very different in terms
of treatment delivery (i.e., no true placebo control group).

Cigarette reduction outcomes: Bullen et al. found significant differences in smoking reduction by
>50% at 6 months between the treatment arm (nicotine e-cigarette, 57%) and NRT patch (41%;
p = 0.0002) but not compared to placebo e-cigarette (45%; p = 0.08).

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

Design: Caponnetto et al. conducted a randomized controlled trial from 2010-2011 among
current smokers in Italy who were not interested in quitting (N=300). Participants either
received 1) a Categoria e-cigarette with 7.2 mg nicotine cartridges for 12 weeks, 2) a Categoria
e-cigarette with 7.2 mg nicotine cartridges for 6 weeks, followed by 5.4 mg nicotine cartridges
for 6 weeks, or 3) a Categoria e-cigarette with no-nicotine cartridges for 12 weeks.

Abstinence outcomes: At six-month follow-up, 11% of participants in the nicotine-containing e-
cigarette groups had quit smoking compared to 5% in the placebo e-cigarette group. Across
groups, 8.7% quit smoking and 10.3% reduced their smoking by >50% at 52 weeks, with 11% of
those in the nicotine-containing e-cigarette groups reporting quitting compared to 4% in the
placebo group. Quit rates were not statistically different whether given e-cigarettes with or
without nicotine.

Cigarette reduction outcomes: Eighteen percent of participants in the nicotine-containing e-
cigarette groups (19% in the 7.2 mg group and 17% in the 5.4 mg group) reduced their smoking
by >50% at six months compared to 15% of those in the placebo e-cigarette group.*® At one-year
follow-up, 9.5% of those in the nicotine-containing e-cigarette groups (10% in the 7.2 mg group
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and 9% in the 5.4 mg group) reduced their smoking by 250% compared to 12% in the placebo e-
cigarette group. Differences in cigarette reduction were not statistically significant at either time
point. Overall, 10.3% of participants reduced their cigarette smoking by at least 50% at the one-
year follow-up.

Table 1 presents findings from meta-analyses of the impact of smoking cessation medications, including
nicotine replacement therapy presented in the 2008 update to the PHS guidelines for Treating Tobacco
Use and Dependence.” Bullen et al.’s result *° of 7-day point prevalence abstinence of 21.1% (nicotine e-
cigarette) and 21.9% (placebo e-cigarette) at six months are in line with the combined results of 32
randomized controlled trials of short-term (6-14 weeks) use of the nicotine patch among smokers
interested in quitting which found six-month abstinence of 23.4% (95% Cl 21.3-25.8) and six trials of use
of the nicotine inhaler (24.8%). Caponnetto et al.’s results®® are also similar to findings from meta-
analyses of the impact of smoking cessation medications among smokers not willing to quit .”
Specifically, the 8.7% of smokers using placebo and nicotine-containing e-cigarettes and the 11% using
nicotine-containing e-cigarettes who quit at one-year in this study compares favorably to the 8.4%
abstinence rate among nicotine replacement users in five randomized controlled trials among smokers
unmotivated to quit.

Table 1. Findings from meta-analysis of smoking cessation studies with six-month outcomes in "Treating
Tobacco Use and Dependence: 2008 Update"”

Intervention Number | Estimated odds ratio Estimated abstinence rate
ofarms | (95% C.l.) (95% C.1.)

Among smokers not willing to quit (but willing to change their smoking patterns or reduce their
smoking)

Placebo 5 1.0 (ref.) 3.6

Nicotine replacement (gum, inhaler, 5 2.5(1.7-3.7) 8.4 (5.9-12.0)
or patch)

Among smokers interested in quitting

Placebo 80 1.0 (ref.) 13.8

Nicotine Patch (6—14 weeks) 32 1.9 (1.7-2.2) 23.4 (21.3-25.8)
Long-Term Nicotine Patch (> 14 10 1.9 (1.7-2.3) 23.7 (21.0-26.6)
weeks)

Nicotine Inhaler 6 2.1(1.5-2.9) 24.8 (19.1-31.6)

NOTE: Data extracted from Tables 6.26
(http://www.ncbi.nlm.nih.gov/books/NBK63958/table/A29582/?report=objectonly) and 6.29
(http://www.ncbi.nlm.nih.gov/books/NBK63943/table/A29585/?report=objectonly)

Two of the non-randomized observational studies met all but two of the methodological specifications
described in the hierarchy: assessing the reasons for e-cigarette use and assessing e-cigarette product
type.**” Compared to the RCTs, we consider these two observational studies as providing the next
strongest set of evidence on e-cigarette use and smoking cessation. These two prospective, population-
based studies used appropriate comparison groups, measured frequency of ENDS use at baseline, and
controlled for key confounders. The studies showed that daily e-cigarette users are more likely to report
cessation behavior (i.e., quitting smoking™® or quit attempts*’) at follow-up compared to non-users, with
no relationship seen between non-daily e-cigarette use and cessation outcomes. The study conducted
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by Biener and Hargraves* examined adult smokers at baseline (2011/2012) and follow up (January —
March 2014). At follow-up, quit rates among intensive users of e-cigarettes was 20.4% (95% Cl: 7.3%-
45.5%). This is comparable with abstinence rates among smokers interested in quitting who used a
nicotine patch or nicotine inhaler, as described in Table 1. The study conducted by Brose et al.,*” which
examined smokers at baseline (November/December 2012) and at a one year follow-up time point
(December 2013), reported that daily e-cigarette use at baseline was associated with increased odds of
a quit attempt (AOR = 2.11, p=0.006) and increased odds of a more than 50% reduction in cigarettes
smoked per day (AOR = 2.49, p = 0.022) at follow-up compared to no e-cigarette use at baseline, but no
difference in cessation at follow-up among daily e-cigarette users compared to non-users. In this study,
non-daily cigarette use at baseline was not associated with quit attempts, cessation, or cigarette
reduction at follow-up compared to no use at baseline.

Research with strong methodology, while limited, suggests that e-cigarettes show promise as smoking
cessation or reduction tools for some adults. However, most existing studies on this topic are
uninformative. More high-quality research is needed to investigate this issue further.

The two randomized controlled studies show that e-cigarettes are effective in helping some adult
smokers to quit or to reduce their cigarette consumption.*®** In these studies, rates of smoking
cessation in the e-cigarette study groups were similar to rates of cessation seen in previous clinical trials
of nicotine replacement therapy.”® The two observational studies with the strongest methodologies
found that daily e-cigarette users are more likely to report cessation behavior at follow-up compared to
non-users, with no relationship seen between non-daily e-cigarette use and cessation outcomes.

As we stated previously, the majority of observational studies reporting findings relating e-cigarettes to
smoking cessation are uninformative due to issues with the measurement of the exposure at the same
time as the outcome,?®3>3%41:43°05253,55,56,61,63-65,6769 |5 of information on the dose of ENDS exposure
(e.g., past 30-day or ever use as the exposure measure versus frequency and intensity of ENDS use at
baseline),****>**>7? and assessment of e-cigarette use specifically for cessation.**”**>"*° Another key
concern in existing observational studies is the possibility of selection bias (e.g., smokers who are more
nicotine dependent are more likely to try e-cigarettes).*

Of note, the two strongest observational studies provide examples of the ways in which future studies
can better assess dose of e-cigarette use to evaluate the impact of e-cigarettes on smoking cessation.
Biener and Hargraves measured dose of e-cigarette use by using three categories to describe e-cigarette
use in their sample: daily use for at least 1 month; regular use, but not daily for more than 1 month; and
non-use/use of e-cigarettes at most once or twice.” Brose et al. also measured e-cigarette dose,
categorizing participants as daily e-cigarette users, non-daily e-cigarette users, or non-users.”’

More research — especially independent, high quality randomized controlled trials with appropriate
control groups and better measurement of exposure — is needed to further determine whether and how
e-cigarettes can be an effective cigarette cessation or harm reduction aid, but results so far are
promising for some adult smokers.

There is an urgent need for FDA to develop a comprehensive nicotine regulation strategy across the
CDER and CTP branches of FDA in order to maximize the use of ENDS both for cessation of combustibles
as an approved indication as a therapeutic cessation aid and as a modified risk reduced harm indication
to displace combustibles and prevent relapse back to combustibles. As discussed in detail in Abrams?
and in Cobb and Abrams”, the popularity of e-cigarettes has spawned discussion over their usefulness in
harm reduction as well as a medicinal therapeutic aid. The discussion may have obscured a key point
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established over the past 20 years: carefully constructed, clean nicotine delivery devices, such as NRT
including nicotine patches, chewing gums, lozenges and inhalers are safe and can effectively drive
smoking cessation. Published evaluations of some products suggest that ENDS can be manufactured
with levels of both efficacy and safety similar to those of NRT products, resulting in profoundly
reduced risk compared to cigarettes.” If ENDS (and other refined-nicotine products) are thoughtfully
regulated, they could play a similar role as NRT but at a national, population scale. Their use could
shift smokers permanently away from lethal cigarettes to cleaner, safer nicotine products, saving
innumerable lives.*

In summary, we need more rigorous studies, but current research suggests that ENDS can increase quit
attempts, reduce cravings and dual use can be a transitional pathway to cessation and prevent relapse.
To maximize benefits we need employ the two pronged approach discussed earlier in this submission.
First, we need to make combustibles less appealing, toxic and addictive. This will speed obsolescence of
combustibles that cause the most deaths. Second, we need a regulatory strategy that supports fast track
approvals for products that increase cessation and harm minimization, with limited impact on uptake
among non-users, to maximize the potential population benefits of lower harm tobacco products.
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Table 2. Hierarchy of Studies Included in the Review. The studies with the strongest methodologies (best evidence) are located towards the top
of the table. Gray shading indicates that the study “falls out” of the hierarchy; after answering “No” for each study, subsequent questions were
not answered.

Study Study design Outcome of  Assessed E- Strong Measurement: Measurement: Assessed
interest? cigarette use  study Exposure Assessed Dose  E-

for smoking design? precedes of E-Cigarette cigarette
cessation as outcome? Use? (Dose) Product
exposure of (Timing) Type?
interest?

Bullen (2013)*° Randomized controlled trial Yes N/A Yes Yes Yes Yes

Caponnetto (2013)38 Randomized controlled trial Yes N/A Yes Yes Yes Yes

Adriens (2014)37 Randomized controlled trial Yes N/A No

Brown (2014)65 Cross-sectional survey Yes Yes No

Caponnetto (2011)66 Case series Yes Yes No

Dawkins (2013)% Cross-sectional survey Yes Yes No

Pearson (2014)35 Longitudinal study with comparison group Yes Yes No

Rutten (2015)68 Cross-sectional survey Yes Yes No

Tackett (2015)69 Cross-sectional survey Yes Yes No

Adkison (2013)39 Longitudinal study with comparison group Yes No

Al-Delaimy (2015)44 Longitudinal study with comparison group Yes No

Biener (2014)45 Longitudinal study with comparison group Yes No

Borderud (2014)46 Longitudinal study with comparison group Yes No

Brose (2015)47 Longitudinal study with comparison group Yes No

Caponnetto (2013b) Longitudinal study with no comparison group Yes No

Choi (2014)49 Longitudinal study with comparison group Yes No

Christensen (2014)50 Cross-sectional survey Yes No

Etter (2014)51 Longitudinal study with no comparison group Yes No

Farsalinos (2013b)52 Cross-sectional survey Yes No

Goniewicz (2012)53 Cross-sectional survey Yes No

Grana (2014)54 Longitudinal study with comparison group Yes No

Hitchman (2015)> Longitudinal study with comparison group Yes No

Lee (2013)56 Cross-sectional survey Yes No

Nides (2014)*’ Longitudinal study with no comparison group Yes No

Polosa (2014)*® Longitudinal study with no comparison group Yes No

Polosa (2011)59 Longitudinal study with no comparison group Yes No
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Polosa (2014)60
Popova (2013)61
Prochaska (2014)62
Ramo (2014)%
Siegel (2011)%
Sutfin (2015)%
Vickerman (2013)
Wagener (2013)42
Zhu (2013)®
Amato (2015)30
Copp (2015)%
Farsalinos (2013)*
Pepper (2014)*
Pokhrel (2014a)*
Pokhrel (2014b)**
Pulvers (2014)%

41

Longitudinal study with no comparison group
Cross-sectional survey

Longitudinal study with comparison group
Cross-sectional survey

Cross-sectional survey

Longitudinal study with no comparison group
Longitudinal study with comparison group
Clinical laboratory study

Cross-sectional survey

Cross-sectional survey

Clinical laboratory study

Cross-sectional survey

Cross sectional survey

Cross-sectional survey

Cross-sectional survey

Cross-sectional survey

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
No
No
No
No
No
No
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SECTION 3: Review of Scientific Literature and Responses to FDA Questions

Below we present our findings from a review of scientific literature responsive to the questions the FDA
posed in its three e-cigarette workshops. The findings were compiled from an in-progress
comprehensive systematic review of all published scientific literature on e-cigarettes conducted via a
PubMed search through February 19, 2015.”” Selections from this report are included below as they are
relevant to FDA’s questions. The search strategy consisted of the following keywords: "e-cigarette*" OR
"electronic cigarette" OR "electronic cigarettes" OR "electronic nicotine delivery." Eligible studies were
experimental studies, quasi-experimental studies, observational studies (including case control, cohort
and cross sectional studies), case reports, case series, qualitative studies and mixed methods studies
providing empirical data on e-cigarettes. Other sources were obtained by emailing experts and internal
discussion of studies underway at Legacy.

Upon retrieval from PubMed, studies were catalogued based on title and abstract review to one or more
of the following topic areas (see Figure 8): 1) Product features; 2) Health and safety; 3) Consumer
perceptions; 4) Patterns of use; 5) Marketing; 6) Sales; and 7) Policies. Reviews were catalogued
separately and are not included in the detailed summary of study findings; similarly, commentaries and
editorials on e-cigarettes were not included in this review. A flowchart depicting the inclusion and
cataloguing of articles is presented in Figure 8.

In line with expertise at Legacy’s Schroeder Institute for Tobacco Research and Policy Studies, we
evaluated the quality of studies that reported on the association between e-cigarette use and cigarette
smoking cessation using a standardized rubric (see Section 2.B.). For those studies, we note the
methodological strengths and weaknesses of each study and of the body of evidence. The responses to
qguestions posed for the three workshops include a qualitative summary of literature on a number of
topics, but do not provide similar assessment of the quality of these studies.
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Figure 8. Flowchart of studies included in the ENDS systematic review

Note: Many included articles were relevant to more than one section; however, they are numbered here

611 articles identified via PubMed

A 4

307 articles selected for full text review

304 articles excluded based on title and abstract

review

Commentary (n =77)
Review (n = 62)

Not relevant (n = 43)

Not in English (n = 34)
Letter to the editor (n = 33)
Editorial (n = 33)

Practice guideline (n = 6)
Position statement (n = 5)
News article (n = 4)

Study protocol (n = 3)
Non-human subjects (n=2)
Book (n=1)

Meeting proceedings (n=1)

A 4

310 articles included in systematic review

e  Patterns of use (n =69)

Health and safety (n = 57)
Consumer perceptions (n = 78)
Product features (n = 56)
Marketing (n = 24)

Policy (n = 17)

Sales (n=6)

Addictiveness (n = 3)

3 articles included based on targeted search

by the section of our in-progress review where they first appear.

Workshop 3: Prevalence and Patterns of Use — 1. What is the prevalence of e-cigarette ever use,
current use, and established use in the U.S.?

1.

N

PATTERNS OF USE

Overview

Existing studies demonstrate rapid increases in ever use and current use of e-cigarettes in the U.S. The
largest increase in current use of e-cigarettes has been among high school students,** but the
prevalence among young adults and adults overall remains low at around 2%."’® Multiple studies
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confirm that the greatest use of e-cigarettes is among current cigarette smokers. More research is
needed to understand the relationship between ever use and current use, extent of use of e-cigarettes
(e.g., daily or occasional use), length of use of e-cigarettes over time and how these impact patterns of
cigarette use.

EVER E-CIGARETTE USE

National data indicates that ever use of e-cigarettes in the U.S. has increased in youth and adult
populations. Current national estimates are 6.8% (2012) among youth,”® 7.8% (2013) among young
adults,”® and 8.5% (2013) among adults.”®

Youth
National Population

Data from the National Youth Tobacco Survey show that from 2011 to 2012, among all students in
grades 6-12 in the U.S., ever e-cigarette use increased from 3.3% to 6.8%.2"7%% |n 2012, ever use was
more common among boys (8.1% vs. 5.5% in girls) and older youth: 9-12 years (1.5%), 13-16 years
(6.3%), and 17-18 years (12.8%).2"%* Ever use was highest among non-Hispanic Native American youth
(9.6%), followed by non-Hispanic White respondents (8.2%) and Hispanic respondents (6.2%).2" In 2013,
3.0% of middle school students and 11.9% of high school students had ever used e-cigarettes.® 2014
NYTS data on ever use are not yet available in the published literature; however, since 3.9% of middle
school students and 13.4% of high school students reported currently using (>1 day during the past 30
days) e-cigarettes in 2014, ever use can be estimated to be at least the same as, but likely higher than,
these rates.™

State/Local Population

Among students in southeast Connecticut in 2013 (high school, n=3,614; middle school, n=1,166), 25.2%
of high school students were ever e-cigarette users, and 3.5% of middle school students were ever e-
cigarette users.® Older students, males, and White respondents were more likely to have tried e-
cigarettes than their respective counterparts in this sample.®* Data from a 2013 survey of 9" and 10"
graders (both public and private) in Oahu, Hawaii (n=1,941) show that 29% had ever used e-cigarettes
compared to 15% for ever use of cigarettes, 27% for alcohol, and 18% for marijuana.® Data from a
longitudinal cohort study of children with alcoholic parents (n=136 families) showed that 36.9% of
adolescents (middle and late adolescence) reported using an e-cigarette at least once.®

Current Smokers

A study using only the 2011 NYTS data also showed that the odds of lifetime e-cigarette use were 58
times higher among current cigarette smokers (OR = 58.44, 95%Cl: 34.71-98.39) compared to
nonsmokers, controlling for age, gender, race/ethnicity, disposable income, living with a smoker and
having a smoking friend.® According to 2012 NYTS data, 42.2% to 60.2% of current smokers had ever
used e-cigarettes.””®!

Among students in southeast Connecticut in 2013 (high school, n=3,614; middle school, n=1,166), ever
cigarette smokers and current cigarette smokers were more likely to have tried e-cigarettes than their
respective counterparts.* Among a sample of 3,912 students from four U.S. high schools, a higher
proportion of current e-cigarette users (n=72), reported occasional (44.7%) compared with daily
cigarette smoking (30.3%).%’
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Former Smokers

According to 2012 NYTS data, 48.3% of former smokers had ever used e-cigarettes.®* Among students in
southeast Connecticut in 2013 who reported that they had tried cigarettes in the past but were not
current smokers, 59.8% reported having tried e-cigarettes.®*

Never Smokers

According to 2012 NYTS data, 0.9% of never smokers had ever used e-cigarettes.””®" Among students in

southeast Connecticut in 2013 who reported never having tried cigarettes, 2.1% of middle school
students and 13.2% of high school students reported having tried e-cigarettes.®

Young Adults

National Population

One national study showed a doubling of ever e-cigarette use (5.0% to 10.3%) from 2011 to 2012 in U.S.
young adults aged 18-34 (n=2,144).% Findings from the Legacy Young Adult Cohort Study, which using a
nationally representative sample of young adults aged 18-34, reported 6.0% ever use of e-cigarettes in
2011.% Another national study showed that ever use of e-cigarettes in young adults aged 18-24 did not
increase from 2010 to 2013, with prevalence estimates of 7.0% in 2010, 6.9% in 2011, 4.1% in 2012 and
7.8% in 2013 (n=4,033).”® Other data from a probability sample of U.S. adults, ever use of e-cigarettes in
young adults ages 18-24 increased from 2.5% in 2010 to 21.0% in 2013.?° Among a nationally
representative sample of U.S. young adults (18-34 years) (n=1,247), 25.3% had ever used e-cigarettes in
2014.%

State/Local Population

A 2009 study of North Carolina college students showed 4.9% ever use of e-cigarettes.” In a sample of
young adults (ages 18