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ABSTRACT

Context: Tobacco control efforts and product regulation require an independent scientific evaluation of
tobacco products, including their design, use and harmful effects to the individual and population.
Objective: The National Cancer Institute contracted the Tobacco Product Assessment Consortia
(TobPRAC) to develop a scientific framework for evaluating tobacco products. Design: An iterative
process ensued involving TobPRAC investigators, consultants, a workshop of independent scientists and
public health experts, and written reviews. The recommendations for the framework are not intended
to substitute for, or pre-empt, any legal standards, but can be used to facilitate those actions. Results: A
Conceptual Framework for the scientific evaluation of products worldwide, independent of any specific
regulatory environment, has four main components involving pre-market, pre-claims, post-market and
monitoring evaluations. It includes the use of validated test procedures with particular emphasis on
human studies, and a weight of scientific evidence review and risk assessment for population effects.
Several pitfalls for implementing a Framework are discussed. Conclusions: This paper provides a
scientific framework for evaluating all tobacco products. Current knowledge gaps preclude the
validation and full implementation of the Framework at this time, although there is value in
implementing parts of it. This Framework also helps to categorize and prioritize a research agenda and

infrastructure needs.



INTRODUCTION

Successful tobacco control programs integrate numerous strategies to reduce tobacco use and
subsequent disease. These strategies will likely be strengthened by recent passage of a law authorizing
the Food and Drug Administration (FDA) to regulate tobacco products
(http://www.govtrack.us/congress/bill.xpd?bill=h111-1256). The FDA’s authority includes regulating
packaging and advertising, mandating performance standards (e.g., design characteristics and
emissions), requiring product testing and disclosure, evaluating tobacco manufacturers’ health claims
for tobacco products, and evaluating how new products contribute to initiation, cessation, and
dependence. The goal of this paper is to present a conceptual scientific framework to help guide
evaluation of tobacco products in a way that can help guide future public health efforts to minimize the
harm caused by tobacco products. Experience has demonstrated the need for government regulation of
tobacco products and marketing and for government oversight of the scientific evaluation of these
products. The framework presented herein which applies to both existing and new/modified tobacco
products, is intended to inform regulatory-decision making, but it is not specifically tied to the new U.S.
regulatory environment, and it does not address the legal standards or encompass the full range of
considerations that a regulatory agency would take into account. The scientific recommendations
herein are not intended to and do not take into account and are not intended to supersede the legal
mandate or legal standards that the FDA or other regulatory agencies are authorized or mandated to
use. In order to assist readers in understanding the framework presented in this paper, Table 1 provides
definitions of key terms.

With the goal of protecting the public’s health, tobacco product evaluation must be
comprehensive in its approach. The assessment of a tobacco product for human exposure, individual
risk and population harm reduction is admittedly a complex scientific challenge, because of limitations in

available scientific methods ranging from the laboratory to human biomarker assessments, and in large
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part due to the limited ability to integrate various types of data from diverse studies to make specific
conclusions, e.g., in a comprehensive assessment. The evaluation of tobacco products also is
challenging because harm is a function not only of the toxins delivered by the product, but also of the
way products are perceived and used. The latter is affected by characteristics of the product (e.g., its
addictiveness and attractiveness) and by what the consumer or potential consumer knows and believes
about the consequences of use. Consumer beliefs and behaviors are affected by what is communicated,
who is communicating and how the product is promoted. A key challenge is to avoid inadvertent
promotion of products that appear to have harm-reduction properties, only to find later (as with the
filtered and low-tar cigarettes of the last few decades ) that they provide no benefit to health or that
any health benefit is minimal in comparison to increased use .

The Institute of Medicine (IOM), and others, have opined that harm reduction is feasible with
continued use of tobacco products if the product “. . . lowers total tobacco-related mortality and
morbidity even though use of that product may involve continued exposure to tobacco-related
toxicants.” >® The I0M termed such products "potential reduced exposure products" (PREPs). All major
tobacco companies, and some small ones, have marketed or now market products that they have
identified as PREPs, but none of these products have actually been proven to reduce harm or lower
tobacco-related mortality and morbidity. Examples of these include combustible-type cigarettes (e.g.,
those with special filters or tobacco modified for reduced toxicant yields on smoking machines),
cigarette-like nicotine delivery devices that purportedly heat rather than burn tobacco, and smokeless
tobacco (ST) products (examples of PREPS are available at www.tobaccoproducts.org). In some cases,
the manufacturers have implied or stated that these products reduce exposure and/or risk. The public
health dilemma regarding these products is that exposure claims are not independently validated, and
even if validated, any reductions in exposure may not necessarily translate into reduced risk and harm.
Moreover, the implications for population risk are even more complex, because it is possible that the

marketing of PREPs could promote overall tobacco use by delaying quitting and/or promoting dual use



of tobacco products, inducing former tobacco users to resume use, and enticing non-tobacco users to
take up the practice of using tobacco.”®

Figure 1 shows how tobacco product assessment can be dissected into three components—
namely, exposure reduction, risk reduction for an individual tobacco user, and harm reduction for the
general population of tobacco users (and nonsmokers exposed to second hand smoke). It is important
to note that achieving one component, such as exposure reduction, does not necessarily mean that this
can be equated with individual risk reduction or population harm reduction. Public health protection
requires that products be evaluated for all three categories. However, this is a challenge, because
research methodologies needed for adequate evaluation within each category may be incomplete and
the relationship of each component to the other would need to be established. For example, a tobacco
product can be studied for toxicant exposure reduction by assessing biomarkers following smoking
fewer conventional cigarettes aided through the use of nicotine replacement therapy (NRT) or
smokeless tobacco, but studies linking toxicant exposure reduction to actual individual risk reduction are
more difficult to conduct and have some limitations in scope and validity.” The difficulty occurs because
some tobacco-related illnesses have a long latency so the effects of the tobacco product on health
require studies of long duration. Another critical area of limited knowledge is predicting how the
consumers are likely to respond to the availability of a new or modified tobacco product and
understanding how usage patterns may translate into population risk. For example, if a lower risk
product results in fewer smokers quitting or shifting to dual use it is not likely that this will be a net
benefit for public health. The proposed schema acknowledges that there may be a situation in which
risk is reduced for tobacco users who would not otherwise quit, but that the overall population disease
incidence could worsen. To date, no PREP has been sufficiently evaluated as a harm reduction product.
Thus, the assessment of PREPs has been limited to exposure reduction without a validated means of

linking this to individual risk reduction, much less to population risk reduction.



The proposed framework assumes that various types of tobacco products can exist on a
continuum of toxicant exposure, risk and harm (Figure 2). The scheme in Figure 2 parallels Figure 1
indicating that a product might be exposure reducing, but may not be considered risk or harm reducing
without adequate scientific evidence. Importantly, it cannot be assumed that a tobacco product at one
point on this continuum will necessarily progress along the continuum toward harm reduction. Herein,
we do not provide criteria to classify tobacco products on this continuum, and a classification scheme
should not be inferred from Figure 2. A classification scheme, however, might be developed some time
in the future.

Critical to the understanding of tobacco use and disease risk are human studies; at the present
time laboratory studies (e.g., smoke constituent emissions and toxicology assays) only are useful for
screening the potential impact of product design changes. Only human studies can assess directly the
impact on exposure and disease risk, and so are a critical element of tobacco product evaluation.
Because of the long latency of many of the illnesses caused by tobacco use, intermediate biomarkers of
disease risk might be considered as proxy measures to predict risk reduction. In principle, a validated
biomarker—one correlated with disease risk and where reduction in biomarker levels is associated with
reduced disease incidence—could provide a means for evaluating whether a new and/or modified
product may reduce future risk of a disease. However, currently while there are validated biomarkers of

1011 yalid intermediate biomarkers of disease risk either do not exist, are not

tobacco toxin exposure,
fully validated, or relate only narrowly to specific diseases and not the full spectrum of illnesses that one
would want to understand in order to judge population risk. Moreover, it is unlikely that any validated
panel of biomarkers would be sufficient for evaluating a product’s impact on population risk reductions,
because individual risk reduction does not inform about how products ultimately will be perceived and
used by consumers. A major and critical challenge with current tobacco product assessment approaches

is how to integrate disparate types of data (e.g., chemical, toxicological, behavioral, and epidemiological

data) and weigh them to formulate conclusions about individual and population risk. Further, there are
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several possible pitfalls for implementing a Framework, as indicated below, such as a perceived
endorsement by regulators or academia, for the use of a particular tobacco product. As tobacco
products are evaluated, communication of parts of the evaluation to the public should be carefully
evaluated and limited because of the complexities of interpretation and potential conflicting data that
will be weighed against each other. Rather, the Framework, with its various assessments will lead to
specific conclusions about exposure, risk and harm reduction potential for tobacco products that could

be communicated after the evaluations are completed.

METHODS

The National Cancer Institute contracted the Tobacco Product Assessment Consortium
(TobPRAC) to develop a comprehensive scientific framework for evaluating tobacco products. The
TobPRAC is a Consortium of investigators from Georgetown University Medical Center, University of
Minnesota, Roswell Park Cancer Institute and Harvard University School of Public Health. A subset of
investigators and consultants embarked on a process to develop this Framework and are the authors of
this manuscript. The authors and participants were specifically charged to develop a framework
independent of a regulatory process, to not recommend policies, and to consider the best methods for
evaluating tobacco products even if there may be some issues of feasibility. (Recommendations that
may cross the line into policy are noted in the manuscript.) Through a two-year iterative process,
experts representing scientific disciplines believed to be important to tobacco product evaluation met
several times to discuss how to do a comprehensive product evaluation. A two day workshop with
scientists and public health experts was held January 14 and 15, 2009. Those participating in the
process did so with the understanding that this work was independent of any regulatory process and
with recognition that methods for product evaluation may not fully exist at this time. The participants in

the process are acknowledged at the end of this manuscript.



Principles, Objectives and Future Needs of the Conceptual Framework

A framework for assessing tobacco products is described below, along with recommendations

for the types of scientific studies that would be performed when using this Framework. The intended

audience for this Framework is the public health community, scientists and regulators worldwide. It also

can help inform the public and media about the complexities of tobacco use, improving public health

and regulation. The Framework is built on the following principles:

Tobacco use and the attendant harm is a complex issue, encompassing molecular to
behavioral phenomena, so that a comprehensive assessment using a variety of scientific
methods is needed to evaluate the impact of changes in tobacco products on public
health.

As any tobacco product design changes might adversely affect an individual’s and
population health, all tobacco products must be appropriately evaluated.

Harm reduction is a potential strategy for improving public health, but only as one part
of a comprehensive tobacco control program.

This Framework must not subvert or otherwise adversely affect other proven public

health methods to reduce tobacco use and harm.

The objectives of the Framework are to:

1.

Provide a means for scientifically evaluating all tobacco products, including existing
combustible and smokeless products, and PREPs;

Provide an evaluation scheme that could be used to improve public health and lead to a
decrease in tobacco-related morbidity and mortality;

Prevent unwarranted health claims;

Minimize consumer misperception about the relative safety of the tobacco product;

Provide an early warning for unintended consequences of PREPs;
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6. Provide an incentive, or provide a scientific basis to justify a requirement, for
manufacturers to replace harmful products with less harmful products; and
7. Provide a construct that could be used to categorize and prioritize research gaps for

study.

PREVIOUSLY PROPOSED PREP ASSESSMENT STRATEGIES

The IOM and others have offered approaches for assessing PREPs, and the World Health
Organization (WHO) has promulgated recommendations for evaluation of tobacco products including
modified products, i.e., PREPs. Through its publication Clearing the Smoke: Assessing the Science Base
For Tobacco Harm Reduction, the IOM considered the feasibility for harm reduction through continued
tobacco use.”® However, the IOM noted that no PREPs had been sufficiently evaluated to conclude that
one or another could decrease risk; the Institute’s report also concluded that validated biomarkers could
be used to estimate reduced risk and that regulation of all tobacco products is needed to implement a
strategy for harm reduction. However, the IOM did not attempt to provide a framework for
comprehensively assessing tobacco products or identify studies to be incorporated into a product
assessment, or indicate how such studies would be identified, used and interpreted.

In 2003, the World Health Organization’s Scientific Advisory Committee on Tobacco Product
Regulation (SACTob) issued a statement of principles regarding new and modified tobacco products.*?
They recommended 10 principles and conclusions regarding the types and quality of evidence needed to
examine new tobacco products, in addition to examining multiple aspects of new products (e.g., physical
chemical characteristics of the product, constituents, and emissions, uptake of toxicants, toxicity,
addiction potential, and disease risk). SACTob also noted that claims of reduced exposure or reduced
harm should be supported by adequate scientific data provided by the manufacturer and independently
verified by an appropriate government agency prior to permitting the claim. The following year, the

WHO Study Group on Tobacco Product Regulation (TobReg) issued guiding principles for tobacco
11



product research and testing, which provided guidance for establishing laboratory capacity meeting the
“highest standards of excellence, transparency, reliability and credibility”.® The document also
distinguished research activities from testing activities: the former related to better understanding the
nature of tobacco products and their use, while the latter related to repeated examination and
evaluation according to standardized methods to assess product performance. A point of note is that
research and testing should be interactive, and include assays of product physical characteristics,
chemistry, toxicology and human use patterns.

In 2004, with funding by the National Cancer Institute, Centers for Disease control, the National
Institute on Drug Abuse and the National Institute on Alcohol Abuse and Alcoholism, the workshop
“Methods and Biomarkers to Assess Reductions in Tobacco Toxin Exposure” was held to address
methods and measures to evaluate PREPs. This led to a publication by Hatsukami and coworkers who
proposed a framework for tobacco product assessment consisting of "pre-clinical" laboratory studies,
clinical trials and market research, and post-marketing surveillance and epidemiology studies.** The
focus of this paper was on describing potential methods for evaluating PREPs and assessing consumer
perception of health claims. However, Hatsukami et al., did not attempt to provide a detailed
framework for evaluating tobacco products and health claims.**

The tobacco industry also has been developing frameworks to study PREPs. Under a contract
from Philip Morris USA in 2005, the Life Sciences Research Office (LSRO), a non-profit research
organization, began the Reduced Risk Review Project. Philip Morris asked it to “develop an approach to
scientifically evaluate and assess the risk-reduction characteristics of potential reduced-risk tobacco

products (PRRTP)” (LSRO 2007, p. 9; http://www.Isro.org/articles/rrrvw_report 042407.html). LSRO

published three monographs: Scientific Methods to Evaluate Potential Reduced-Risk Tobacco Products
(http://www.Isro.org/articles/rrrvw_report_042407.html), Biological Effects Assessment in the
Evaluation of Potential Reduced-Risk Tobacco Products

(http://www.Isro.org/articles/rrrvw_report_010408.html) and the Exposure Assessment in the
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Evaluation of Potential Reduced Risk Tobacco Products

(http://www.Isro.org/articles/rrrvw _report 040308.html). LSRO’s project framework was divided into

three phases: testing, comparative risk assessment and decision-making. The framework drew heavily
on pre-clinical (laboratory) studies (in vitro and in vivo) and human clinical studies, with specific
recommendations for biomarkers and biological effects assessments to be utilized. Proposing a weight
of evidence approach, the framework also recommended laboratory studies before proceeding to
human studies. They also emphasized that increased toxicological effects should lead to the re-design
or abandonment of a product design change, and that risk comparisons should focus on lung cancer,
chronic obstructive pulmonary disease, and cardiovascular disease, at least. Potentially incongruent
with a harm reduction process, they wrote that products that might create new toxic exposures and/or
increase less common smoking-related illnesses could still possibly be judged reduced-risk. Importantly,
the weight given to epidemiological and behavioral studies was slight, and any consideration of
consumer perception, abuse liability, or untoward effects in general was placed in post-market
considerations, implying that these factors would not be considered as part of the pre-market
evaluation or used to support a health claim of a potential risk reduction tobacco product.

The British-American Tobacco Company (BATCO) also developed an approach to PREP
evaluations (http://www.bat-
science.com/groupms/sites/BAT_7AWFH3.nsf/vwPagesWebLive/FOBF608FFADEBDF7C12574720035A69
0/SFILE/Gregg%20SRNT%20PREP%20assessment.pdf?openelement). BATCO recommended a PREP
assessment that followed a continuum, ranging from technology assessment to product assessment,
toxicology testing, early clinical assessment, and long-term assessment. The BATCO authors noted that
“[lJaboratory chemical and biological end-point tests provide information on possible mechanisms that
facilitate the decision making process. . .,” but that “. . . the overall evaluation is based on a weight of
evidence approach in which the most weight is placed on human clinical data.” Unlike LSRO, the BATCO

group did not find significant utility in animal studies. It should be noted that the BATCO framework, as
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presented, does not address important issues such as downstream effects (e.g., re-uptake, initiation and
reduced cessation) and gives little importance to the role of consumer reactions to and perceptions of
PREPs. Neither the LSRO nor BATCO approaches formally include evaluation of products already
introduced into the market.

Importantly, these industry-sponsored frameworks appear to be intended to support exposure
reduction claims surrounding the introduction of PREPs and the products themselves, rather than
offering comprehensive approaches for evaluating tobacco products or focusing on harm reduction. The
tobacco industry sponsored frameworks also failed to address how consumers may perceive and use
these products, and how the availability of these new products might ultimately impact population
health. Thus, they fail to consider new or modified product usage patterns within the context of all
available tobacco products so they can place PREPs in the proper context for evaluation of population

risk assessment.

BRIEF SUMMARY OF RECENTLY-ENACTED LEGISLATION

As previously stated, the framework described here is intended to inform regulatory-decision
making, but it is not specifically tied to the new legal standard embraced in the Family Smoking
Prevention and Tobacco Control Act (FSPTCA) signed into law in 2009
(http://www.govtrack.us/congress/bill.xpd?bill=h111-1256). Nonetheless, there are provisions in the
FSPTCA for which the framework is relevant as FDA implements this new authority. These provisions
include:

e New Product Evaluations

FDA will evaluate new tobacco products principally under Section 910 of the FSPTCA. New
products may be marketed if FDA makes a finding that such marketing “is appropriate for the protection
of the public health.” The determination will be made “with respect to the risks and benefits to the

population as a whole, including users and nonusers of the tobacco product, and taking into account--
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(A) the increased or decreased likelihood that existing users of tobacco products will stop using such
products; and (B) the increased or decreased likelihood that those who do not use tobacco products will
start using such products.”
e Product Standards
FDA now has the authority to control the content and delivery of any constituent or component
of a tobacco product under Section 907 of the FSPTCA. As with Section 910, the standard focuses on
FDA making a finding of what is “appropriate for the protection of the public health”, considering the
risks and benefits to the population as a whole, including users and nonusers of the tobacco product,
and taking into account-- (A) the increased or decreased likelihood that existing users of tobacco
products will stop using such products; and (B) the increased or decreased likelihood that those who do
not use tobacco products will start using such products.” The overall standard and considerations are
similar to what was described in Section 910.
e Health Claims
The FSPTCA also authorizes FDA to evaluate all claims for exposure or risk reduction on a pre-
market basis under Section 911 of the new law. Under this provision, a company will only be allowed to
make a claim if it can demonstrate that the product, as actually used by consumers, will “significantly
reduce harm” to individuals, and benefit the health of the population as a whole taking into account
both users and non-users of tobacco products. FDA must take into account the unintended population
level effects from proposed claims, such as:
e Decreased interest in quitting
* Increased interest in initiating use of the product among ex-smokers and those who
never used tobacco products
e The risks and benefits to users of the product compared to the use of NRT and other
products designed to treat tobacco dependence
There are additional provisions regarding exposure reduction claims sought by a manufacturer

who cannot produce evidence of a concomitant and significant reduction in harm. In these instances, an

exposure reduction claim can be approved if a company can demonstrate that a substantial reduction in
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morbidity and mortality in individual users is anticipated in future studies, but the company must also
present consumer perception data proving that consumers will not be misled into believing that the

product is less harmful or presents less of a risk of disease than a currently marketed product.

OVERVIEW OF THE CONCEPTUAL FRAMEWORK

Figure 3 provides an overview of the proposed Conceptual Framework and its four principal
components. Each component has a Product Evaluation Goal (PRODUCT EVALUATION GOAL), as
indicated in Table 2. Critical to the understanding of this Framework are statements about the context
from which the Framework is formulated; these contextual issues are indicated in Table 3. The four
principal scientific components of the Framework are:

1. Pre-market evaluation to study tobacco products with new designs and ingredients by

comparing them with conventional and reference products for generating more toxicant
exposures, fewer toxicant exposures, different types of toxicant exposures, or alter
behavioral use patterns;

2. Pre-claims evaluation to evaluate proposed health claims, including weighing the scientific

evidence using a clearly articulated methodology for evaluating scientific studies and data,

and a risk assessment to assess risk and harm reduction;

3. Post-market activities to conduct studies of surveillance, epidemiology, consumer use, and
intervention trials to assess disease outcomes in order to confirm the pre-market and pre-
claims evaluations when expanded to a larger population; and

4. Monitoring and re-evaluation to assess changes to the product after marketing and the

need for additional studies under the previous three components.
The PRODUCT EVALUATION GOAL defines the purpose of the component, and achieving the
goal requires several “Substantial Evaluation Assessments” (SEA), classified by the study type. Although

the Framework components in some ways follow a stepwise process, all SEAs within a component are
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required if one is to conclude that the PRODUCT EVALUATION GOAL for that component has been met.
Hence, depictions of the Framework in the figures denote “and” rather than “or.” Some components
and SEAs can be carried out simultaneously, although the Pre-Market Evaluation always occurs before
other evaluations. However, while the Pre-Claims Evaluation would occur after the Pre-Market
Evaluation, the Pre-Claims Evaluation happens only when claims are being considered, even though the
product might already be on the market without claims, i.e., in a post-market setting. Although the
sequencing of components is not absolute, some SEAs are better informed by the completion of prior
SEAs.

To apply the Conceptual Framework, baseline data will be needed for comparison to new
products. For the Framework to be implemented for new products, it will be necessary to identify what
is considered a substantial reduction of exposure and the sufficiency of the scientific evidence linking
that exposure reduction to individual risk and population harm reduction. Substantial Evaluation
Assessment criteria must be predetermined, and the criteria might differ by type of product, who uses
the product, and how the product is used. The Framework should adequately consider consumer use,
abuse liability, and population effects; it also should integrate data from laboratory and human
biomarker studies, including clinical trials and epidemiological studies. Further, the Framework needs to
consider the heterogeneity among individual and population subgroups (e.g., race, gender, age, smoking
history, metabolic capacity, genetics and health status). This is particularly critical if a new product will
appeal to a population subgroup that has not shown substantial interest in conventional tobacco use.

Critical to the Framework are the Substantial Evaluation Assessment criteria, which provide the
foundation for evaluating various components of the PRODUCT EVALUATION GOAL. These criteria set
forth the minimum amount of quantitative data and the quality of the quantitative data that can be
used. The Substantial Evaluation Assessment criteria are not a substitute for a regulatory agency’s
interpretation of the legal or scientific standards it has been legally authorized or mandated to apply.

However, the scientific assessments to be made should take place within the context of a lawfully
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mandated government regulated framework, one in which the regulatory agency should have available
to it an independent panel of experts (unaffiliated with and not funded by industry) to assist its scientific
review. Moreover, the Substantial Evaluation Assessment should be decided upon using evidence-based
and predetermined scientific methodologies, as well as a predetermined definition of what constitutes
substantial reductions for laboratory results and biomarkers. Also, several disease outcomes should be
considered, although prioritization for the type of disease (e.g., the ranking for cancer, heart disease,

stroke, asthma and addiction) needs to be determined.

CONCEPTUAL FRAMEWORK COMPONENTS

Pre-Market Evaluation

Figure 4 depicts the Pre-Market Evaluation of the framework. This component occurs before
the introduction of tobacco products into the marketplace and includes all products, whether or not
they were conceived or developed as a PREP. The PRODUCT EVALUATION GOAL for the Pre-Market
Evaluation is “How does the tobacco product compare with similar conventional and reference products,
and does it result in more, less or different toxicant exposure and use patterns than those products?”

This evaluation, as depicted here, applies to all tobacco products and can inform decisions in a
variety of policy contexts. For example, a regulatory authority might use the Pre-Market Evaluation to
only allow products to enter the marketplace that have the expectation to reduce exposure, risk and
population harm compared to some type of product or products on the market. Or it might be used to
ensure that new products that have more exposure, toxicity, risk and/or population harm are not
allowed in the marketplace. The policy maker, of course, needs to weigh the strengths and limitations
of the research methods available for the Pre-market Evaluation phase. For example, a regulatory
agency may implement a policy that new products should deliver lower chemical yields and/or have a

lesser toxic effect, e.g., as has been recently done by the World Health Organization for some chemicals
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in cigarette smoke.® However, it should be noted that this PRODUCT EVALUATION GOAL includes the
use of pre-market studies in a broader context than just chemistry studies (i.e., in vitro and in vivo
studies, behavioral studies predictive of how products will be used by consumers). Moreover, we
recognize that these pre-market evaluations have not been well-validated for direct extrapolation to
human exposure, risk and population harm. Thus, caution is advised for not over-interpreting a policy
decision to allow a product on the market that has lower toxicity, for example, to be equated with
reductions in human disease risk , unless or until laboratory studies have been validated to do so. There
are other limitations for the use of the Pre-Market laboratory studies for extrapolating to human risk
and harm. Specifically, it should be noted that many laboratory studies have reported effects for a
narrow range of chemicals or disease pathway(s), and so some reduced effect found in these studies
might be trivial compared to the total effect of tobacco and tobacco smoke, or there may be worsening
effects that are not being measured.

This PRODUCT EVALUATION GOAL in the Pre-Market Evaluation includes the comparison with
both conventional and reference products. It is recognized that the conventional products, defined as
those most common in the marketplace, can change over time. Thus, to ensure that a changing
conventional product does not result in a mischaracterization of another conventional product as a
PREP, a stable reference product (e.g., Kentucky reference research cigarettes or smokeless tobacco)
also is recommended for laboratory studies. However, the reference products are only useful as
controls to assess changes over time, and not to establish a standard for emissions or toxicity.

The comparators for this evaluation are conventional products and reference products within
the same class of products. For example, in addition to reference products, new smokeless products
would be compared with the most popular smokeless product on the market and combustible products
would be compared with the most popular cigarettes on the market. In some circumstances, the most
popular product might not be the best comparator, and so it should not be inferred that this could be

the only standard.
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Although all SEAs are required to inform the PRODUCT EVALUATION GOAL, an initial assessment
of laboratory study results (i.e., physical and chemical analyses and in vitro and in vivo toxicology
studies) would be required before testing in human subjects. After this initial safety evaluation, limited
human testing could proceed as described below. The data on human use patterns collected from the
limited human testing would then inform the operational parameters of additional laboratory testing.
This iterative process would be used to support the marketing of a product to current tobacco users
without claims and ethical testing for a Pre-Claims Evaluation. The three SEAs within the Pre-Market
Evaluation are noted below.

Design Feature Analysis. This Substantial Evaluation Assessment includes the physical design
analysis that might impact product performance or perception about product performance. Physical
design analysis of cigarettes includes, but is not limited to, tobacco content and blend type,
circumference, length, size, filter characteristics, ventilation, paper porosity and resistance to draw for
cigarettes. For smokeless tobacco, it would include tobacco content and blend type, tobacco cut, loose
tobacco or packed in sachets, moisture and solids content, pH and other tests. Tobacco products with
novel designs could necessitate new methods of evaluation of physical properties. Consideration also
should be given to additives and delivery mechanisms that might enhance consumer response.

Chemical and Toxicological Analyses. These include studies of the tobacco chemical contents
and emissions analysis, and identification or disclosure of all ingredients and additives. For combustible
products, chemical analysis of the smoke would be conducted using several smoking machine protocols
that address different ways in which the product might be smoked and changes to the emissions that
can result from these differences. Currently, the appeal of smoke emissions testing on a smoking
machine is to infer human exposure, but this appeal has not been realized through actual study, for
example when comparing smokers’ exposures to cigarettes with different machine smoking yields.* In
the U.S., there is currently no recommended smoking machine protocol to assess smoke emissions

(http://www.ftc.gov/opa/2008/11/cigarettetesting.shtm). Thus, the choice of smoking regimens still
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needs to be determined. Given that no single puffing protocol represents a typical smoker, several
smoking regimens would be needed to assess the quantitative and qualitative changes in a range of
puffing profiles. Initial human puff profiles could be determined using limited human testing, which
would reveal how the physical changes in the PREP affect human use (e.g., puff volumes on the machine
might be higher for products that facilitate increasing puff volumes). Methods and limitations for both
smoking machine studies, smoking topography, how to reconcile the two and how to conduct cross-
comparison smoking regimens have been recently reviewed.' In vitro toxicology methods and research
gaps also have been recently reviewed."’

Similarly, in vitro and in vivo toxicological analyses would be conducted with smoke generated
from a smoking machine using a standardized smoking regimen and human puff profiles as above. The
in vitro assays would include a battery of tests that examine various cell types and modes of action (e.g.,
cytotoxic, genotoxic and nongenotoxic endpoints). The in vivo assays with experimental animal studies
would examine different toxicological endpoints (e.g., cancer, cardiovascular and respiratory pathways,
and the actual disease endpoints, where possible). This SEA may include reverse engineering to assess
the impact of unique features.

Limited Human Testing. There are several goals for limited human testing in the pre-market
phase. Limited human testing would typically be short term switching studies to characterize product
use and the effects on short-lived biomarkers of exposure. One purpose would be to develop some
level of confidence that smoking machine studies effectively compare products of different designs in
ways that consumers will use them, at least for short-term use. This testing would assess how smokers
will use the product in order to ensure that the product is used as intended and to determine how
human exposure to tobacco toxicants might occur, e.g., through human puff profiles of combustible
products or how long and the frequency for ST use for chemical and toxicological analyses. Also studies
of consumer beliefs should be undertaken to screen for possible adverse effects such as misperception

that the tobacco product is a safer or safe product or offers some other improvement, possible issues
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related to delayed cessation, dual use of the new product with harmful conventional products, and
possible appeal to non-tobacco users. Limited clinical trials might also be called for to estimate nicotine
dosing (e.g., mode of delivery, absorbance and factors that might enhance the effects of nicotine) that
would provide information about abuse liability; effects on short-term biomarkers of exposure (e.g.,
exhaled carbon monoxide, cotinine and nicotine); sensory and other subjective responses (e.g., flavor

acceptance and withdrawal relief); risk perceptions; and future intentions for use.

Pre-Claims Evaluation

The Pre-Claims Evaluation, shown in Figure 5, focuses on the scientific basis for supporting a
health claim for a PREP or other product claimed to reduce individual risk or population harm. For the
purposes of this Conceptual Framework, a health claim includes explicit or implied statements and/or
information communicated through tobacco product packaging and other marketing techniques,
including claims that a product reduces exposure to tobacco toxicants or risk. The PRODUCT
EVALUATION GOAL for the pre-claims evaluation is “Does the product substantially reduce exposure in
human studies relating to different disease outcomes that link to individual risk and population harm
reduction when compared with conventional products and/or other PREPs?” It is assumed that any
manufacturer’s claims would be evaluated for an effect on disease risk harm reduction, and not just
confined to the limited scope of a claim, e.g., if the claim is only that the PREP reduces exposure. This
Pre-Claims Evaluation also applies to other claims related to a product design change (e.g., fire safety).

It is important to understand that the Conceptual Framework approaches the scientific basis for
supporting a health claim independent of any regulatory review or legal consideration that might be
associated with a claim or the wording of the claim. (There may be specific regulatory or case-law
requirements for when a regulatory agency is authorized or required to permit or deny a claim, based

upon the evidence to be considered, the legal weight to be given to different types of evidence and
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what a claim can state explicitly or implicitly.) Also important to note is that the Pre-Claims Evaluation
involves conducting only human studies, a weight of scientific evidence review by the authorized
government agency of all data that includes human and laboratory studies and a risk assessment
modeling process; without sufficient human data, the claim is not supportable. Essentially, only human
data can substantiate a human health claim; laboratory studies conducted in the Pre-Market Evaluation
corroborate and inform what to study in humans. While the identification of sufficient human data
occurs in the context of human risk, it might not necessarily require long term epidemiology studies
where the outcomes are diseases with long latency (e.g., cancer and cardiovascular disease).

This Pre-Claims Evaluation would require comparison of the product under study with
conventional products on the market, and/or other PREPs on the market, as appropriate; in some cases
the choice of comparator might be a policy decision. Other PREPs could be the comparator when claims
about PREPs are being made comparing one PREP to another or if there is one PREP that is believed to
be exposure or harm reducing. However, it remains to be determined how this would be implemented,
given that some PREPs may have greater consumer usage but less reduction in exposure than other
PREPs. Also, a comparison of reduced exposure via the PREP with smoking fewer cigarettes per day
achieved through nicotine replacement therapy or some other method may result in greater exposure
reduction, and so the new product should be considered in this context as well.

There are five SEAs within the Pre-Claims Evaluation, and the implementation of these can differ
depending on whether the product is already on the market. These SEAs are based on determining
substantial reduction in exposure, individual risk and population harm. All SEAs, noted below, would be
assessed before making the health claim. The SEAs refer only to PREPs, but other products claiming to
reduce disease risk or population harm would be similarly assessed. The SEAs are:

Human Clinical Trials. An essential component of the Conceptual Framework is human studies,
specifically clinical trials. At a minimum, these would comprise randomized trials in which tobacco users

would be switched to the PREP; the trial would need to be of sufficient scope, quality, size and duration
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to conduct the SEA. The actual trial design and the conventional products and/or PREPs used as
comparators would vary depending on the PREP and the claim. The number of studies, and their scope,
quality, size and duration would depend on whether the product has been on the market; if the product
was already on the market and epidemiology studies are available, then the clinical trials assessment
could be smaller in scope in order to complement and corroborate the epidemiology data. The
weighting of epidemiology studies would depend on how long the product had been on the market and
how widely it is used, which will directly impact the statistical power to determine changes in
biomarkers or health outcomes. Several trials would be needed in different populations and with
complementary or corroborative trial designs (e.g., different types of switching studies that might allow
for ad libitum use, controlled use and concurrent use of multiple tobacco products). Nicotine dosing is
an important component to measure for abuse liability. Abuse liability of a product (or potential for
dependence) should be assessed, and it is conceivable that a PREP might reduce some health effects
while increasing dependence. The methods and research gaps for conducting human clinical trials, their
measures and how to assess abuse liability have been recently reviewed.®%

The duration of the human studies within this SEA should be long enough to demonstrate that
the use of the product has stabilized beyond the initial effects and allow for compensation in nicotine
absorbance. For example, a product might result in greater puff volume if there is less resistance on
draw, but if the product delivers different doses of nicotine than the study subject’s usual brand, a
sufficient amount of time would be needed to allow the user to compensate for the difference in
nicotine delivery. A topography assessment of how exposure occurs (e.g., cigarette puff volume and
puffs per cigarette, and mouth time for smokeless tobacco) would be included to adequately
characterize how the product is used and confirm that the puff profiles used for the smoking machine
regimens in the Pre-Market Evaluation were similar to actual human use. In the trials, unexpected
adverse effects (frequency and severity) would be recorded, although this would be limited to signs,

symptoms and illness that develop over a short period of time. (Surveillance studies in the Post-Market
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Evaluation would monitor for illness with longer latencies.) Within this SEA, consumer perception and
abuse liability would be assessed to provide data on the potential effects on smoking cessation and re-
uptake of tobacco by former users.

The trial should include a battery of biomarkers to determine the extent of exposure change
under ad libitum use that are validated as intermediate markers of effect and for reducing disease
incidence, although no such markers have currently been validated. The choice of biomarkers would
depend on data from the Pre-Market Evaluation in which the critical biomarkers related to exposure
were identified. However, biomarkers for complex exposures that are not chemically-specific would be
used to ensure that there is not an altered exposure or effect that was not predicted by the pre-market
evaluation and not detectable when only chemically-specific biomarkers are used.

Epidemiological Studies of Products Already on the Market. If the product under review is
already on the market, epidemiological studies can provide important information about the use and
impact of the tobacco product in the natural environment. Moreover, they can overcome the limitation
of clinical trials, in which it is unknown how subjects who enroll in the trial would compare with the
general population of tobacco users who naturally choose to use the product. The number of
epidemiological studies and their scope, quality, size and duration would depend on how long the
product has been on the market. These studies would assess adverse events. As soon as is feasible,
longitudinal cohort studies of PREP users and conventional tobacco users should be established to
observe changes in tobacco use (e.g., if quitting is lessened or uptake is increased), changes in
biomarkers over time, effects on co-morbidities and changes in disease incidence. It may be that a
product’s use would be uncommon enough to preclude epidemiology studies of sufficient size, scope
and duration that would be able to support a positive conclusion to a Substantial Evaluation
Assessment, but without sufficient evidence of such, a claim may not be sufficiently supported.

Cross-sectional studies can provide quick comparisons for conventional product and PREP users,

identify who is using the product (e.g., age, race and persons with co-morbidities, persons who initiate
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tobacco use with the PREP and former smokers), and assess an effect on tobacco use (e.g., proportion of
PREP users who were former smokers who have resumed tobacco use with the PREP or of people who
use multiple tobacco products including a PREP). If a PREP is used widely and for a long enough period
to account for disease latency, case-control studies could be used to assess the influence of the use of
that PREP on disease.

Several disease endpoints should be studied in this stage of evaluation. Although diseases such
as cancer and heart disease have a long latency, one study design can include the assessment of persons
with a history of heart disease and the impact on recurrence, which has a shorter latency. In this
component, exposures from second hand smoke would be considered.

The battery of biomarkers to assess exposure and intermediate biomarkers of effect needs to be
broad enough to assess the range of exposures determined through the pre-market testing and include
screening for unknown constituents. The studies should be sufficiently large to statistically assess
subgroups of the population to understand population heterogeneity effects of the PREP.

A challenge to epidemiological studies is that products may change more quickly than standard
epidemiological approaches can detect and environmental factors including the marketing of other
products might influence product use over short time frames. It is important to be able to detect trends
of potential health significance in a timely fashion with great sensitivity and identify products at the
brand level. This challenge is similar in certain respects to that of monitoring other addictive drug use,
which can be influenced by changes in formulation, dosing capacity, image and other factors. For
example, a Government Accountability Office Report concerning the OxyContin abuse outbreak around
2000 came to the following conclusion: “current federal surveys do not provide reliable, complete, or
timely information that could be used to identify abuse and diversion of a specific drug.” Therefore,
many new drug products with addictive potential should be accompanied by surveillance approaches
that are capable of providing sensitive, timely and accurate information on the potential patterns of use,

misuse, abuse and addiction, including addressing populations that are of particular concern. Such
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surveillance programs typically include a mix of approaches to detect the potential range of unintended
consequences in a timely enough fashion to enable responsive interventions prior to the development
of major public health problems. These approaches may include monitoring in school based programs,
internet monitoring of websites and chat rooms of potential relevance, reports from treatment
providers on potential trends in product use (www.gao.gov/new.items/d04110.pdf) and other creative
epidemiological approaches.”***

Weight of Scientific Evidence Review. Results from the above SEAs and those from the Pre-
Market Evaluation are integrated into a common assessment about the PRODUCT EVALUATION GOAL
for the Pre-Claims Evaluation. The use of a weight of scientific evidence concept can have different

2526 As used in this

meanings to different people, and frameworks can differ among regulatory settings.
proposed Framework, weight of scientific evidence refers to a transparent pre-established methodology
that results in a qualitative interpretation of all available data (rather than some subset of available
data). The qualifier “scientific” to the customary weight-of-evidence review terminology is intended to
emphasize the precision of the process.

The Conceptual Framework at this time is not borrowing or endorsing any particular weight of
evidence method used by a particular regulatory or review agency, nor is it suggesting that its weight of
the evidence discussion should displace or supersede any regulatory agency’s interpretation of its legal
mandate or legal authority. A weight of evidence review, with a causality assessment, was most notably
applied in the first Surgeon General’s report that concluded that smoking is a cause of lung cancer in
men,”’ but whether the methodology applied in the 1960's is still applicable for today’s (and
tomorrow’s) products or for the evaluation of health claims rather than for proving causality needs to be
determined. A methodology that applies to a variety of tobacco products therefore needs to be
developed, and it is not intended that one should be developed for each particular type of tobacco

product or PREP. FDA, the Environmental Protection Agency (EPA) and the National Academy of

Sciences have developed methods for weight of evidence evaluations
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(http://cfpub.epa.gov/ncea/raf/recordisplay.cfm?deid=116283)(http://www.cfsan.fda.gov/~dms/hcimg

ui5.html )( http://www.nap.edu/catalog.php?record id=366). However, the methods chosen by these

agencies differ. In some cases, only human studies are considered of sufficient strength to support a
health claim (e.g., by the FDA), while in others, experimental animal studies are expressly considered
(e.g., by the EPA). A weighting system for an evidence-based assessment, as proposed by the FDA,
includes: ( 1) an assessment of the substance-disease relationship (e.g., for tobacco, this could be the
relationship of toxicants to disease); (2) an evaluation of all data; (3) classification of the studies by study
design; (4) rating the studies by quality and source of the data; (5) rating the entire body of evidence for
guantity, consistency and relevance, and; (6) ranking the strength of the evidence for making the health
claim into levels of comfort that would be provided by qualified scientists
(http://www.cfsan.fda.gov/~dms/hcimgui4.html). Embedded within the weight of evidence review is a
causality assessment, as was done in that first Surgeon General’s report and by others.””*® There are
other important reasons why previously developed weight-of-evidence reviews cannot simply be used
for tobacco products. A weight of scientific evidence review for tobacco products would need to
consider evaluating a product that harms people when used as intended with little or no positive
attributes, and that the risks are substantially greater than typically considered by the EPA or FDA. Also,
the review would consider data assessing a reverse dose-response relationship (e.g., does risk decrease
following a reduction in exposure of a long-term smoker).

A weight of scientific evidence review for tobacco products will weigh various types of evidence
within this component. It will accord minimal weight to laboratory studies, which are used to establish
concordance of findings from laboratory studies to human exposure and provide mode of action data.
Decisions will be needed on the relative weighing of observational epidemiology studies versus clinical
trials and large-scale intervention studies that assess disease outcomes. Each method has its own
strengths and limitations. Second hand smoke exposures also would be considered, but that could only

happen for products only on the market.
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An important difference between existing weight of evidence methods and those for tobacco
products from a scientific standpoint is that tobacco smoke and smokeless tobacco products are
complex mixtures of thousands of chemicals and toxicants.>**' Thus, it is challenging to study these
products and determine risk for the complex exposure assessments for which models have been
developed (e.g., the environment).>> Some approaches used for the environmental setting are to
provide relative potencies.

A weight of scientific evidence conclusion can be based on a qualitative, semi-quantitative, or
guantitative review of data, as determined by the SEAs in the pre-claims and pre-market evaluations.

These, in turn, are weighted to develop a qualified conclusion of whether the PREP will reduce individual

i I n u
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risk and population harm. For example, the conclusions could be “will,” “probably will,” “possibly will,”
“will not,” or "insufficient data for characterization", but these scientific conclusions are not a substitute
for the legal conclusion that a regulatory agency must make in evaluating whether to permit a claim to
be made. It should be noted that the weight of scientific evidence conclusion is not tailored to the
content of the claim, because a claim and consumers’ adoption of the PREP, no matter how narrowly
constrained and evaluated for how the consumer will receive the message, may have unintended
negative consequences. The claim evaluation is a separate SEA within this component. The weight of
scientific evidence review merely assesses the scientific basis for evaluating a claim, but not a legal or
policy assessment of whether a claim can be made. It also does not address how any claim will be
perceived.

Risk Assessment. Following a weight of scientific evidence review, a risk assessment process
can be conducted that would estimate based on modeling a reduction in disease(s) related to the
introduction into the market of a product with a new design. The modeling would be separately
conducted for current tobacco users and the general population, and would compare the new product

to products already on the market and/or other PREPs, as appropriate. The Framework is not adopting

any particular existing risk assessment procedure, as this needs to be carefully considered and
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developed for PREPs. A risk assessment procedure for tobacco products would identify the most useful
human data, which are then extrapolated to smokers and the general population that includes smokers,
former smokers, and nonsmokers (e.g., an assessment that includes second-hand smoke exposure).
These data allow for the determination of a dose-response relationship and a decreasing dose-response
relationship, e.g., what is the risk reduction that occurs through decreasing exposure after conventional
use. Through mathematical modeling, this relationship extrapolates the relationship to the general
population, accounting for both individual risks to the tobacco user and changes in tobacco use across
the general population. Thus, it would use epidemiology and/or clinical studies to estimate risk to
individual tobacco users, while only epidemiological studies would assess risk to the entire population
(e.g., to include disease risk among former smokers and uptake by nonsmokers and former smokers). It
also would account for susceptible populations, if any (e.g., age, co-morbidities, race and/or gender). A
hazard assessment would integrate the above information using both the weight of scientific evidence
review and the risk assessment. It would also then account for multiple diseases and total mortality. In
the absence of human data, a weight of scientific evidence review in the case of tobacco products would
preclude proceeding to the risk assessment. This is different from some settings where experimental
animal data may be used (e.g., for the EPA and environmental risks), and the mode of action for toxicity
is considered in terms of relevance to humans.*® In the case of tobacco products, PREPs and health
claims, the issues of mode of action and uncertainties can be substantial.

Typically, risk assessments contain uncertainties, which are then accounted for by adjusting the
model (e.g., through safety quotients). A tobacco product risk assessment, however, will have many
unique uncertainties that have not been considered under other contexts. These include, but are not
limited to: (1) novel designs for tobacco products that can result in unknown changes in exposure; (2)
uncertainties in the quantitative and qualitative shape of the dose-response relationship, and how this
might be affected by dual use of tobacco products; (3) unknowns about how a decreasing dose-response

relationship will differ quantitatively and qualitatively from the dose-response relationship (e.g., would
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the shape of the curve for exposure and risk with decreasing exposure mimic the shape of the curve for
the positive dose-response relationship for increasing exposure); (4) unknowns about how the shape of
the dose-response and reverse dose-response relationships differ for tobacco users with different
tobacco use histories (e.g., heavy smokers, light smokers and long-term smokers); and (5) unknowns
about how the heterogeneity of the population would lead to different risks (e.g., race, gender, co-
morbidities and heritable traits). Also, it is unknown how the information for different diseases should
be integrated to determine an impact on total mortality in a risk assessment process. There are
additional uncertainties around the use of exposure and effect biomarkers, specifically how well they
estimate subsequent disease risk.

The modeling of complex mixtures, as occurs from tobacco use, has many uncertainties because
combined exposures of chemicals can cause additive, synergistic, or antagonistic effects, and
experimental animal models do not necessarily provide data that can easily be extrapolated to human
risk assessment.>® Risk assessment methods for complex mixtures have been developed by EPA using
relative potencies assessment and toxic equivalences
(http://www.epa.gov/NCEA/raf/pdfs/chem_mix/chem_mix_08 2001.pdf) and have been used to rank
the relative potencies of chemical constituents of tobacco smoke using EPA cancer and non-cancer slope
factors.>> However, the development of cancer slope factors for applications in the environmental
setting may or may not apply to tobacco-related risks, and so whether this concept can be applied to
tobacco products and PREPs remains to be determined. How to model complex tobacco use exposures
is currently unclear.

A unique aspect of a risk assessment for tobacco products includes an assessment of the risks of
many diseases and, for example, balancing the competing risks of increases in some diseases with
decreases in others.

Health Claims and Product Messaging Evaluation. This SEA focuses on the nature of the actual

claim and the messaging as the consumer may perceive it, and is warranted if the other SEAs in this
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component indicate that a claim of some type has a scientific basis. There are several ways that product
messaging can be communicated by manufacturers (e.g., explicit health claims via websites, point of
sale advertising or other promotions, product labeling or inserts and product packaging) that would
need to be considered. The purpose of this SEA is to ensure that consumers correctly understand the
health claim so they can make informed decisions about using the product. The type of assessment of
consumer perceptions would be influenced by the nature of the claim and manner of communication.
Methodologies that have been used for such assessments include focus groups, surveys, human
laboratory studies and clinical trials. Key outcomes for assessment include awareness of product,
understanding and comprehension of product claims, perception of product risks and benefits, attitudes
toward the product and product use, intentions to use the product in the future and anticipated ways
the product might be used. For some claims, limited test marketing might be necessary to examine the
perception of claims within the broader context of marketing and promotion. This SEA probably will not
be applied until other SEAs are completed within this component so that the content of the claim can be

considered in the context of other data.

Post-Market Activities
Post-market activities are shown in Figure 6. These activities occur for all tobacco products,

whether or not a claim exists. However, if a claim has been made, then the post-market activities need
to also assess the impact of the claim. The PRODUCT EVALUATION GOAL for this component is “Does
the product adversely affect consumer use (e.q., initiation, intensity or cessation), biomarkers, and
health outcomes on an individual and population basis?” An important aspect of the post-market
activities is identifying unintended consequences of product design changes. The substantial increase
or decrease in the evaluation criteria, therefore, is intended to confirm that the product is not

adversely affecting public health, to validate the risk assessment model, and to re-assess the validity of
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the claim. The post-market activities include different types of study designs. Surveillance studies,
epidemiology and intervention trials for disease outcomes (e.g., Phase lll clinical trial), as described
below, are complementary. There are strengths and limitations of observational epidemiology studies
in the naturalistic environment (e.g., effects of unknown confounding variables, duration changing
products and behavior and the ability to see the effects for PREPs in persons who dually use both the
PREP and conventional products, or have a long history of tobacco use), as there are for intervention
studies for disease outcomes (e.g., challenges in choosing and finding controls, changing behaviors of
control groups, duration, changing study subjects in each arm over time and compliance).

Difficulties currently exist in conducting post-market activities, because a surveillance
mechanism is not currently in place in the United States. Without knowing how a product is changing,
and how consumer use of the product may change, data interpretation about individual risk and harm
can be hindered. Post-market activities include the three SEAs detailed below.

Population-Wide Surveillance This activity assesses how the product is used and by whom.
Thus, it would include surveys about consumer use, perception the impact of the product and the claim,
if any, on the use, initiation, dual use, cessation and re-uptake of tobacco use. It also would include
changes in exposure to second hand smoke (numbers of people and quantitative levels of toxicants).
Within the surveillance studies, which could be enabled through national surveillance mechanisms, the
differences in use by such factors as race, gender, age, prior tobacco use history and co-morbidities
would need to be assessed. The assessment, however, might be limited in its ability to associate
changes due to PREPs against a background of conventional tobacco use. Health claims and product
messaging evaluation also would be needed. Some of the research methods and challenges in
conducting surveillance around tobacco products has recently been reviewed.*®

Epidemiology. These studies would be similar to the activities for the Pre-Claims Evaluation; if
no claims have been made, this evaluation could be identical to what is described above. Thus, it would

include both cross-sectional and cohort studies. If the product has only recently been introduced to the
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market, then cohort studies could still be established to assess uptake, use, the effects of the product on
biomarkers and effects of second hand smoke. This, of course, depends on the expected wide-spread
use by consumers. As noted above, depending on how long the product had been on the market and if
its use is widespread, case-control studies can more quickly provide data than cohort studies. The
epidemiology studies should be sufficiently large to assess population heterogeneity. Health claims and
product messaging evaluation also are needed. As discussed above, given that products are, or may be
short-lived on the market, and that product-designs can be changed frequently, novel surveillance
methods will need to be developed.

Intervention Studies for Disease Outcomes. Depending on the extent of use, the expectations
for the PREP on disease risk, and/or the nature of the claims, large-scale intervention trials can be
initiated to corroborate the epidemiology studies. Such trials provide for an experimental design that
reduces the chances of confounding and bias that can occur with epidemiology studies. However,
depending on the disease outcome, these studies may not be feasible due to the long latency of some
diseases or anticipated changes in the design and evolving technologies for a particular PREP. They may,
however, be feasible in high risk populations (e.g., persons with cardiovascular disease who cannot or

will not quit smoking).

Monitoring and Re-evaluation

Figure 7 depicts the monitoring and re-evaluation activities. This component is described as a
distinct component of the Conceptual Framework to denote its importance and critical nature for
continuous review of data obtained during post-market surveillance, as well as disclosure of information
on the continued evaluation of changing products. The PRODUCT EVALUATION GOAL for this
component is “Has the product been changed, or have there been effects on risk perception, use patterns

or health that warrant its re-evaluation?” This component has three SEAs, as described below.
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Monitoring for Product Design Changes and Toxicant Effects. This SEA would involve ongoing
disclosure by manufacturers of changes in product design, effects on exposure and emissions in the
laboratory and through human studies. Essentially, this evaluation is the re-application of the pre-
market analysis scaled by the extent of the product design change and the results of initial screening
studies. Substantial outcomes and predicted adverse impacts by changes in product design may result
in re-testing the product, withdrawal or modification of a claim, corrective advertising, or complete
removal of the product from the market.

Monitoring of Post-Market Activities. This SEA mandates an assessment of the post-market
activities and new laboratory and human studies depending on the results of that evaluation (e.g., if the
post-market activities indicate use of a PREP that is different than identified in the human studies for the
Pre-Market or Pre-Claims evaluations, or if the claim has had some unexpected adverse consequences).

Re-evaluation. Depending on the first two SEAs, it may be necessary to revise the weight-of-
scientific evidence review and the risk assessment. New SEAs and predicted adverse impacts by the
changes in product design may result in abandoning the sale of the product or withdrawing a health
claim. The criteria for triggering a re-evaluation is beyond the scope of this manuscript, but will need to

be developed.

Possible Pitfalls for Implementing the Conceptual Framework and Premature
Tobacco Product Evaluation

Tobacco use and its effects on human health are complex. However, the scope of the
Conceptual Framework, its many components and identified research gaps should not deter a tobacco
assessment process from being comprehensive, as we propose herein. Tobacco products on the market
today are dangerous and it is important that a comprehensive evaluation consider all the complex issues
associated with this in order to avoid unforeseen adverse consequences. While the Conceptual

Framework was developed independent of a regulatory environment, it is intended to provide scientific
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assistance to those involved in regulatory decision making process. It does not and is not intended to
substitute for the legal standards or policy judgments that guide any regulatory agency.

An additional consideration outside the scientific evaluation proposed in this Framework
includes some ethical considerations that balance the risk of consumer misperception and inappropriate
use of a new tobacco product versus withholding information from consumers and removing their
rationale to switch from their usual and possibly more harmful product.

In the U.S., the recently enacted FDA legislation will lead the FDA to adopt some type of
comprehensive approach for the evaluation of tobacco products that will then foster research and the
development of an infrastructure for post-market activities. The proposed Conceptual Framework could
provide scientific guidance to the FDA as it determines how to apply its statutory mandate, but cannot
yet be fully implemented because of some research gaps, infrastructure needs and lack of validation.
However, there is value in implementing parts of it pending validation of new research methods, and in
specific contexts, with an understanding of the limitations of existing data and the need for caution in
reaching conclusions. Potential pitfalls of reaching premature conclusions include a worsening of public
health from tobacco-related disease due to widespread use of a product that is no different or perhaps
worse than what is currently available; a false sense of security among tobacco control decision-makers;
and consumer misperception about the relative safety of a tobacco product, in general, and also which
maintains per capita tobacco use because of ineffective communication about the product assessments.
Other pitfalls relate to the tobacco industry and the creation of disincentives for real change because a
SEA inadvertently focuses research on the wrong or misleading studies, the evaluation criteria are
wrong, or that a SEA discourages innovation because of what would be needed to satisfy the criteria. A
risk also is that implementation of a framework could be perceived as government and/or academic

endorsement of tobacco use or a tobacco industry partnership with government and academia.
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SUMMARY AND CONCLUSIONS

A scientific framework is offered for a science-based evaluation of all tobacco products,
including PREPs, in relation to individual risk and population health. It was developed in the context of
an endemic public health problem produced by a tobacco product manufacturing industry that has
prioritized profits over public health. The framework aims to address the effects of tobacco product
design on use and health through a comprehensive scientific evaluation, ranging from laboratory studies
to population surveillance. This Framework was developed independently of any regulatory context. It
is intended, rather, to provide an empirical basis for product assessment for public health purposes.
However, for it to be effectively implemented, there needs to be an independent government agency
with regulatory authority and scientific expertise to oversee the process and insure the transparency
and integrity of the system. While there are many components to the Framework, and potential pitfalls,
this reflects the need to ensure adequate evaluation of a complex public health problem where prior
history dictates caution, e.g., assumptions that lowering cigarette tar yields would lead to a less harmful
product.

The Framework has four components and each is composed of PRODUCT EVALUATION GOALs
and SEAs that lead to conclusions of a substantial change in one tobacco product compared to another
(e.g., a conventional product or other PREP). The Pre-Claims Evaluation is a separate process due to its
complexity and potential impact on human use and behavior. It requires human studies of sufficient
scope, quality, size and duration, as well as a weight of scientific evidence review and risk assessment.
The requirement for human studies is typical for some weight of scientific evidence review and risk
assessment processes, such as those used by the FDA, and in contrast to others, such as those used by
the EPA. However, many aspects of a weight of scientific evidence review and risk assessment are
unprecedented because tobacco use is inherently dangerous yet widely used with substantial adverse

health effects.
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It may be considered that some aspects of the Framework are challenging, e.g., studies that are
of sufficient size, scope, quality and duration, because of challenges in conducting switching studies,
need for large enrollments and duration in the context of diseases with long latency. The Framework
also calls for research methods and tools that in some cases do not yet exist or have not yet been
validated. It also may be that some amount of research will fill some research gaps sufficiently to fully
implement the Framework. This allows for this Framework to guide funders to establish research
priorities. Notably, TobPRAC has recently published a series of papers that provides a critical review of
many aspects of tobacco research and components of this Framework, along with the identification of

k16223637 Baseline data for

research gaps that preclude the full implementation of this Framewor
conventional tobacco products need to be determined for comparator purposes. Additionally, a rich
research agenda needs to be identified and implemented into the SEAs of this Framework. Specifically,
the scientific certainty of decisions will be improved as more knowledge is developed for: 1) the best
ways to characterize toxicant yields in the laboratory mimicking the broad range of human use; 2)
identifying a battery of validated biomarkers for disease risk; 3) a better understanding of the impact of
complex chemical exposures on human health, including additive, synergistic and antagonistic effects; 4)
understanding the relationship for exposure reduction to disease risk, other than for smoking cessation;
and 5) developing methods for weighing various types of scientific evidence and a process for
conducting risk assessment in the setting of inherent uncertainties. How the data inform the
Framework’s PRODUCT EVALUATION GOALs and the criteria for the SEAs is another research gap that
needs to be developed by a deliberative panel of qualified experts unaffiliated with the tobacco
industry. This Framework also can be used to identify infrastructure and resource needs. However,
while there may be challenges in the implementation of the Framework, this should not preclude the
need to for an adequate and comprehensive evaluation of tobacco products. While this Framework

identifies the types of studies that would be needed to comprehensively evaluate tobacco products, the

Framework, as currently conceived, is not intended to provide directions on how to interpret data from

38



tobacco product assessments, nor does it provide methods for integrating disparate data, weighting
various types of scientific evidence, or conducting a risk assessment process. These methods remain to
be developed and thus are not considered further.

In the United States and worldwide, there are unprecedented opportunities for tobacco control
efforts and reducing tobacco-related harm through regulatory actions. If scientific studies are to
support evidenced-based decision making by regulatory agencies, then the scientific community must
lead this process. Tobacco use and its attendant ill effects are complex, and thus a comprehensive
evaluation for all tobacco products using validated test methods are needed that range from the

laboratory to the population.
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TABLES AND FIGURES
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Table 1: Definitions Used in the Conceptual Framework

Claims

Any statements, explicit or implied, about exposure, risk, or harm reduction made by a tobacco company or their
representatives of any type (e.g., through advertising, labeling, press releases, public statements, scientific publications
and presentations, or messaging). Claims can be written, oral, or visual (e.g., product packaging).

Conventional

The most popular products on the market in a similar class (i.e., smokeless or combustible).

products

Disclosure This refers to full disclosure of all scientific information that can be conveyed by a tobacco company related to a tobacco
product, including the product design and any changes (new and existing products), product content (e.g., additives and
suppliers of product components), any and all studies, study results, raw data, methods, protocols and QC data.

Exposure A reduction of tobacco and tobacco smoke toxicants that enter the body, assessed through human studies and generally

reduction with biomarkers. Exposure reduction may apply to single toxicants, several, or many as contained in a complex chemical

mixture such as cigarette smoke. Note that at this time exposure reduction cannot be extrapolated to individual risk
reduction, which is assessed though epidemiology and clinical studies of tobacco users. The term "exposure reduction"
only refers to human studies. There are several validated and partially validated biomarkers for exposure reduction.

Harm reduction

An overall reduction in tobacco-related disease in the population, which accounts for risk in tobacco users who delay
quitting, former users who resume tobacco use, and effects on initiation, which can only be directly measured through
epidemiology studies of sufficient scope, quality, size and duration. This may be estimated via risk assessment models
that would need to be developed for tobacco-related harm reduction.

Laboratory
studies

Non-human experiments conducted in a laboratory, although human cells and tissues might be used (i.e., physical
analysis and in vitro and in vivo animal studies).

Potential reduced
exposure product
(PREP)

A tobacco product that potentially reduces a person’s exposure to tobacco toxicants, as compared with conventional
products. (Non-tobacco PREPs are not considered herein.)

Population
heterogeneity

Inter-individual variation for the predictors of tobacco use and harm in tobacco use behavior and disease risk within a
population (e.g., race, gender, age, co-morbidities, tobacco preference, tobacco use history, and genetic susceptibilities).

Product A specified goal for each framework component, as indicated for the pre-market, pre-claims, post-market and
Evaluation Goal monitoring and evaluation components. It consists of several types of "substantial evaluation assessments."
(PRODUCT

EVALUATION

GOAL)

Reference Commercially available research cigarettes and smokeless tobacco where the product is well-described and is not

tobacco product

changed over long periods of time.

Reverse dose-
response
relationship

Reduction in exposure is correlated with reduction of individual risk and population disease incidence. Although
countless epidemiological studies have demonstrated a positive dose-response relation between tobacco use and
disease, it may or may not be true that a reduction in exposure would similarly follow qualitatively and/or quantitatively.

Risk assessment

A quantitative assessment by modeling of both individual risk and population harm reduction.

Risk reduction

A reduction of tobacco-related disease in tobacco users that occurs from sufficient exposure reduction that is
measurable in human studies, but only applies to risk for individuals (versus harm reduction that applies to population
risks), which is estimated via epidemiology and clinical studies of tobacco users. Biomarkers, if validated in the context
of risk and risk reduction, may be used as surrogate intermediate biomarkers of disease risk.

Substan.tial Qualitative evaluation of the quality and quantity of quantitative data targeted to answering product evaluation goals,
Evaluation leading to an affirmative or negative decision on whether the product has changed in relation to the product evaluation
Assessment goal, considering exposure, risk and harm. It might be an evaluation of decreases in human exposure, risk and harm.
(Substantial Thus, the substantial evaluation assessment determines if there is the minimum amount of data needed to affirmatively
Evaluation answer the product evaluation goal or refute it.

Assessment)

Substantial Clinically meaningful changes in exposure, risk, or harm reduction (e.g., that affect human health where statistical
reduction significance would not be the only criterion).

Weight of A qualitative assessment using an established scientific method overseen by an industry-independent scientific process
scientific (e.g., governmental or authoritative agency) for addressing the product evaluation goals posed in the Conceptual

evidence review

Framework for the pre-claims evaluation.
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Table 2: Components and Product Evaluation Goals of the Conceptual

Framework

Pre-Market Evaluation

How does the tobacco product compare with
similar conventional and reference products,
and does it result in more, less or different
toxicant exposure and use patterns than those
products?

Pre-Claims Evaluation

Does the product substantially reduce
exposure in human studies relating to
different disease outcomes that link to
individual risk and population harm reduction
when compared with conventional products
and/or other PREPs?

Post-Market Activities

Does the product adversely affect consumer
use, biomarkers and health outcomes on an
individual and population basis? For PREPs
with claims, do intervention studies support
the claims for disease outcomes?

Monitoring and Re-Evaluation

Has the product been substantially changed,
or are there potential unanticipated
uses/effects that warrant re-evaluation?
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Table 3: Contextual Issues for the Conceptual Framework*

Contextual Issue

Explanation and Relevance

Application of the Framework
to a regulatory environment

This Framework was not developed exclusively for a regulatory perspective; it
applies to regulated, semi-regulated, or unregulated environments, and so takes
a broad science focused public health perspective that is not always consistent
with a regulatory process (e.g., one that considers mandated legal standards
and may consider public health, economics and politics for making policy
decisions).

Application of the Framework
to the type of tobacco product

The Framework is applicable to all types of tobacco products, whether the
product is intended to be a PREP or only later considered to be a PREP; it
includes any product that contains tobacco.

Types of studies used to
support health claims

It is a fundamental component of the Framework that only human studies and
associated data can be used to evaluate human health risk and to support
human health claims. However, this context does not negate or minimize the
need for laboratory studies, which are used for understanding mechanisms,
screening assessments of product design changes, informing the design and
components of human studies, and assessing potential worse effects.

Types of human studies used to
support health claims

Only human studies of sufficient scope, quality, size and duration to assess
perception, use, abuse liability, biomarkers and other aspects that might
enhance a harm reduction assessment should be used. Both epidemiology and
clinical trials would be used; the scope, quality, size and duration of the clinical
trials depend on the available epidemiology; more extensive trials are needed if
there is limited or no epidemiological data because the product is not yet on the
market or has only been on the market for a brief period of time.

Types of research methods
used for implementing the
Framework

Only validated research methods will be used in the Framework, generating
data that will not be misused by the tobacco industry or misinterpreted by the
public.

Who does the Framework
apply to?

The Framework applies to any tobacco user, although it would be tailored to the
type of tobacco used and who and how many people use it. The Framework
must consider the impact on all stages of tobacco use, from youth
contemplation, smoking initiation and transitions from experimentation to
regular use.

Who will conduct the studies
that inform the Framework?

Tobacco manufacturers will be responsible for conducting or funding many of
the studies, with full disclosure of all study design, execution and data.
Academia, governmental agencies, or other independent entities not funded by
industry will provide an independent assessment limited to verifying key
industry data, which will be done with adequate funding.

Can the Framework be
implemented?

It may be that not every component of this Framework can be fully
implemented today, because there are insufficient or not yet validated scientific
methods to develop all of the data, including the methods for weighing
evidence and risk assessment. Also, without a regulatory environment, no
mechanism exists to ensure full disclosure by tobacco companies. Although the
Framework is likely not fully implementable today, sufficient methods are
available to conduct partial assessments and draw conclusions about new
tobacco products and exposure reduction.

* Some of the contextual issues span the interface between scientific considerations and policy; where possible,
we have tried to address this by limiting the Framework to the former.
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Dissecting Tobacco Harm Reduction

Exposure |—o Risk Reduction Harm Reduction
Reduction Individual FPopulation

The only known method for harm reduction is complete cessation and
long-term abstinence

Figure 1. Dissecting Tobacco Harm Reduction

Harm reduction is conceptually separate from exposure and risk reduction, and the
linkages among the three elements have been incompletely evaluated. Methods now exist to
assess exposure reduction through biomarkers, but how these relate to risk reduction has been
incompletely studied; for example, there are no sufficiently validated biomarkers of cancer risk.
Although epidemiology studies might indicate risk reduction for current tobacco users after
switching to a PREP, this may or may not reduce disease incidence in the population, depending
on changes in overall tobacco use. Figure 1 adapted from Hatsukami, et al, 2009.
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The Continuum of Tobacco Products
and Harm Reduction

Accumulating and sufficient scientific data

Convention Potential Reduction Reduced

al Products Reduced  Exposure Harm
Exposure  Product Product
Product

Figure 2. The Continuum of Tobacco Products and Harm Reduction

Tobacco products may be conceptually considered as conventional existing products;
PREPs; or—after sufficient scientific evaluation—a reduced exposure product. After further
evaluation and full implementation of the Framework, a product might be considered a reduced
harm product. This figure is not meant to imply a classification scheme.
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Tobacco Product Assessment Framework

Pre-Market Evaluation
Comparison with Conventional Products and Reference Cigarettes
Product design analysis
Chemical analysis (tobacco and smoke)
In Vitro cell culture and in vivo animal testing
Human Testing — perception, use, exposure and biomarkers

Pre-Claims Scientific Evaluation (Pre or Post-Market)
Comparison with Conventional Products and Other PREPs
Human trials and/or epidemiology (e.g., cross-sectional, cohort)
Consumer use and perception studies
Biomarkers for different disease outcomes
Assess population and individual heterogeneity
Weight of scientific evidence and risk assessment

If no claims are
ever made
If claims are
anticipated

Post-Market Activities
Surveillance and consumer use
Claims and messaging evaluation
Epidemiology and intervention trials linked to clinical outcomes

{

Monitoring and Re-evaluation
Assess product design changes
Re-evaluate evaluation based upon post-market activities
Repeat laboratory and human studies

-

Figure 3. Tobacco Product Assessment Framework

The Conceptual Framework proposed in this report comprises four components, each of which

includes a Product Evaluation Goal and several Substantial Evaluation Assessments.
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Pre-Market Evaluation

Product evaluation goal: “How does the tobacco product compare with similar
conventional and reference products, and does it result in more, less or different

toxicant exposure than those products?”

Design Feature Analysis Substantial
Design features (tobacco, filter, vent, draw) increase - Yes

Reverse engineering unique features EEEE—
Consider additives and delivery mechanism

and
é Chemical/Toxicological Analysis
Tobacco constituent analysis Substantial
Smoke Chemistry Emissions Testing increase - Yes
In Vitro and In Vivo Testing _—

(>2 smoking machine conditions, e.g., HC and
human puff profiles)

o
and
Limited Human Testing Substantial
Consumer Use and Beliefs increase - Yes
Human Exposure Testing
(Sensory perception, topography, >
biomarkers)
-

Figure 4. Pre-Market Evaluation

The pre-market evaluation component includes three SEAs. HC, Health Canada method for

smoking parameters on a smoking machine.



Pre-Claims Scientific Evaluation

Product evaluation goal: Does the product substantially reduce exposure in human
studies relating to different disease outcomes that link to individual risk and population
harm reduction when compared with conventional products and/or other PREPs?

Human Clinical Trials Substantial

Consumer use, perception and abuse liability measures —_—
Claims evaluation
Biomarkers and Topography
Adverse Events

and

Epidemiology For Products Already On the Market
Cross-Sectional, and/or Cohort Studies
Consumer use and perception measures
Impact of product on cessation, initiation and re-uptake
Biomarkers and Topography

Substantial
decrease - No @
Assess Population and Individual Heterogeneity

and Substantial

[ Weight of Scientific Evidence Review decrease - No
and Substantial

[ Risk Assessment decrease - NOI

and Substantial
[ Health Claims and Product Messaqing Evaluation ] decrease - No
Focus groups, clinical trials, test marketing

Long-term randomized switching studies, accounting for compensation decrease - No @

Figure 5. Pre-Claims Scientific Evaluation

The pre-claims scientific evaluation component includes five SEAs.
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Post-Market Activities

Product evaluation goal: Does the product adversely affect
consumer use, biomarkers and health outcomes on an individual
and population basis? For PREPs with claims, do intervention
studies support the claims for disease outcomes?

Population -wide Surveillance .
Consumer use and perceptions Substantial
Impact of product on use, cessation, initiation and re -uptake decrease - No >
Health claims and product messaging evaluation
Assess population heterogeneity j

and

Epidemiology I
Cross -Sectional and Cohort Studies
Impact of product on use, cessation, initiation and re  -uptake Substantial
Health claims and product messaging evaluation decrease - No @
Biomarkers and topography el
Assess disease outcomes

Assess heterogeneity /

and

Substantial
Intervention Studies For Disease Outcomes decrease - N
If claims are made about disease outcomes

Figure 6. Post-Market Activities

The post-market activities component includes three SEAs.
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Monitoring and Re-Evaluation

Product evaluation goal: “Has the product changed, or have there
been effects on risk perception, use patterns or health that warrant
its re-evaluation?”

Monitoring for Product Design Changes and Toxicant Effects Substantial
Physical Analysis (tobacco constituents, filter, ventilation, etc.)

Smoke Chemistry decrease - No
In vitro cell culture and In vivo animal studies »

Limited human studies /

and

™ .
Monitoring of Post-Market Activities Substantial
Analysis of Post-Market Activities decrease - No
Conduct revised laboratory studies >
Conduct revised human studies

Re-Evaluation
Revise and Conduct Additional Laboratory Studies Substantial

Revise and Conduct Additional Trials or Epidemiology decrease - No
Revise Weight of Scientific Evidence Analysis >

Revise Risk Assessment

Figure 7. Monitoring and Re-evaluation

The monitoring and evaluation component includes three SEAs.
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